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That the 21st Century will be the age of the Asian Skyscraper seems
indisputable. Already, the past two decades have witnessed a
major shift in tall buildings from west to east. Many of the major
advances in the tall typology are now taking place in Asia, often
with a collaboration of eastern and western expertise. With global
urbanization approaching 200,000 people every day, the need for
a new or extended city of a million inhabitants every week is driving
massive growth in hundreds of Asian cities simultaneously — from
Mecca to Manila, Istanbul to Incheon, Karachi to Kunming.

At the same time, there is still intense global debate on whether the
extrapolation of our cities vertically offers the best chance to combat
global climate change, or whether a more sustainable pattern of life
can be better achieved through other means. Tall buildings are not the
only solution for achieving increased urban density, and the higher
embodied energy of constructing and existing at greater heights
may offset gains in land and infrastructure efficiency. The impact on
inhabitants of future vertical cities must also be better understood.
In all cities, infrastructure, long-term planning, and joined-up thinking
are essential. The major issues are no longer focused on just individual
buildings, but how these buildings fit into the larger urban whole.

In this publication the Council on Tall Buildings and Urban Habitat
brings together a number of state-of-the-art, multi-disciplinary papers,
initially presented at the CTBUH 2012 9th World Congress Shanghai, to
examine these poignant issues. Is the skyscraper a sustainable building
type? Can tall buildings truly reduce and harvest enough energy to
become carbon-neutral? What is the full impact on the city and the
lives of its inhabitants by developing skyward? And what support
mechanisms and urban infrastructure are required for such growth?

In short, the publication asks the question: Does the vertical city
offer the best chance for human survival in our rapidly-populating,
urbanizing, consuming, and resource dwindling world?
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Note: The sections of this publication are organized according to
track sessions presented at the CTBUH 9th World Congress Shanghai
2012, where P refers to Plenary session, T refers to general track
session and PO refers to Poster Session. Please note that sections
T10 and T26 have no content since these were congress panel
discussions not substantiated with papers.
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Introduction
EI=E

Recent Global Trends in Tall Buildings: Asia Ascending

Although there have been intense periods of tall building construction
in concentrated geographic areas throughout history — late
nineteenth century Chicago, Art Deco New York, or post-second world
war Europe for example — the tall building boom of the past two
decades has been unprecedented in that it has taken place across
virtually the entire globe simultaneously — from Toronto to Tokyo, Rio
to Riyadh, Brisbane to Beijing. The facts are staggering. By the end of
2012, it is predicted that 58 of the 100 tallest buildings in the world will
have been completed in the past seven years, since the end of 2005.

In terms of supertall buildings (i.e,, those in excess of 300 meters — or
984 feet — in height), there were only 13 supertall buildings in existence
internationally in 1990. By the end of 2012 this number is expected

to be around 70; a 538% increase in just two decades. A dozen or so
supertalls are expected to complete in 2012 alone — more than any
other year in history.

Itis not just at the supertall end that tall buildings have been
proliferating. As the graph on all tall buildings greater than 200 meters
shows!' (see Figure 1), the total number of buildings over 200 meters
in existence globally (predicted to be around 780 by the end of 2012)
has more than doubled in the last ten years. This year alone, 70-90
buildings over 200 meters are expected to be completed, compared
with a typical 8-12 buildings of that height completing annually
during the 1990s. And that is against the backdrop of most major
western economies still recovering from the 2008-09 recession, and
thus not actively building tall at all, currently.

What is perhaps not apparent from these overall statistics, however,
is how the world of tall buildings has changed fundamentally over
the past decade or two, with a number of trends now evident. These
trends are in addition to the simple trends of more — and taller — tall
buildings being constructed, and demonstrate fundamental shifts in
the industry (see Figure 2).

The first of these trends is that the predominant location of the tallest
buildings in the world has been changing rapidly. Whereas as recently
as 1990, 80% of the World's 100 Tallest were located in North America,
by the end of this year that figure is expected to be only 20%, with the
shift occurring predominantly to Asia (42%, with 34% in China alone),
and the Middle East (32%, with 21% in Dubai alone). If the Middle East
is classed as being part of continental Asia (which, for the purposes of
the CTBUH 9th World Congress Shanghai and these proceedings, it is),
then by the end of this year, 74% of the World's 100 Tallest Buildings
will be located in Asia, up from only 12% in 1990.

Perhaps more interesting than the number, height, and location
statistics, is how the function and structural material of the tallest
buildings has been changing, with major moves away from the steel
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"The focus on buildings over 200 meters in height is driven by the need to ensure accuracy of data, rather than suggesting that this is the threshold for a tall building. Even projects
over 200 meters in height can be difficult to stay abreast of, especially in rapidly developing markets such as China, thus accuracy of data would diminish at height thresholds less
than this, though the trends would largely be the same. Readers should also be aware of the difficulties in predicting the number of skyscrapers to complete in a year at the halfway
point of that year (as is the case while currently writing this), especially given the tendency of building developers and consultant teams to give rather optimistic completion
predictions! This is even more evident when predicting completion figures for future years, based on the current status of projects under construction. For this reason our predicted
completion numbers are listed as an expected range (see Figure 1), rather than a single definitive figure.
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Figure 1. Tall buildings completed each year over 200 m, 300 m, and 600 m since 1960. Inset shows total numbers of completed buildings by decade, revealing exponential growth

rates.
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100 tallest buildings by location
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Figure 2. Graphs of Tallest 100 Buildings in the world each decade since 1930 - depicting trends in function, material, and location; mixed-use functions, concrete construction and

locales in Asia have prevailed.
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Figure 3. Diagram of the World's current tallest 20 buildings (as projected by the end of 2012) according to the CTBUH Height Criteria of “Height to Architectural Top.” For more

information on CTBUH's Height Criteria, see pages 898-901.
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office buildings which have dominated the tallest lists for many
decades. We are now seeing residential and mixed-use functions
influence the list, up to 53% from 12% at the turn of the century,
while solely steel buildings have dropped from 39% to 14% in favor of
concrete and composite structure over the last decade, and from 90%
as recently as 1970.

There are numerous reasons for the shift to residential and mixed-
use, not least the commercial incentive to “edge bets”on fluctuating
demand for office, residential, and hotel functions by including all in
the building program. The need for more sustainable patterns of life
(see “The Future of Urban Sustainability” on page 21), and the desire

for more 24-hour vibrancy in our urban centers is also playing a

large part. It also makes sense that if the objective of great height is

a predominant one, then it is easier to achieve this with a residential
rather than an office function. Residential floor plates tend to be much
smaller than office floors — an advantage when subjecting materials
to wind and other pressures high in the sky — and also require less
floor-area-consuming elevators and other vertical services to support
the function. In other words, if the creation of one of the “World's
Tallest Buildings”is a primary motivator, then it is easier to do it with a
function that will put less people in continual occupation at the top
of the tower and thus reduce the size of the floors to house them and
services to support them.

The reason for the trend towards concrete/composite structure in
the world's tallest buildings is similarly multi-layered. This is partly a
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product of the developing countries where these projects are located
- which are much more likely to have sufficient concrete technological
expertise than steel. The aforementioned change towards residential
and mixed-use functions is also influential, since the fire, acoustic, and
cellular requirements of living lend themselves better to concrete
construction rather than open-plan-enabling steel. While there is a
perception in the industry that concrete is cheaper than steel (though
considerations of the whole life cycle analysis of materials would

likely change this equation), there are also many who believe that

the increased performance required of the structure at great height —
through the required damping of movement as well as the transfer of
vertical loads — can be more adequately handled by steel and concrete
acting together compositely, rather than one material alone.

The Current and Future Tallest: Age of the Megatall

Figure 3 shows the current tallest 20 buildings in the world, noting that
17 of these buildings are located in continental Asia (which embraces
the Middle East region, where five are located). Only three are located
in the United States, including the Empire State Building which stays
on the listin 20th place, marking 81 years in the tallest 20 buildings in
the world (a feat likely not to be repeated for a long time, if ever). Also
of interest is that more than half the buildings are either residential or

mixed-use buildings, rather than offices, and only three are constructed

of pure steel, with the rest either concrete, composite, or mixed
structures (see Figure 4).
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Figure 4. Statistical data on the current tallest 20 buildings in the world (as projected by

the end of 2012). See Figure 3 for project details.
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Shanghai Tower: Re-Thinking the Vertical City
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Abstract

The construction of the Shanghai Tower breaks through conventional design methods and
explores the possibilities of future supertall architectural approaches. These approaches bring
the project to a new height of being “naturalistic, technological, and humane”in such aspects
as form, functions, quality and management. Architectural forms transform into a harmonious
community that focuses on relating to the city. Architectural functions transform into a
multifunctional vertical community. Architectural quality transforms into a green community
that can save energy and protect the environment. Building information transforms into a smart
and forward-thinking community, and architectural culture transforms into an enjoyable and

human community.

Keywords: Supertall Buildings, Shanghai Tower, Verticality, Green, Culture
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Supertall buildings are the products of global
urbanization and economic development.
“What is the developing trend for future
supertall buildings?”should be the question
considered at this moment in time. The
Shanghai Tower reaches beyond traditional
architectural concepts to explore the future
of supertall buildings in the following five
aspects: architectural form, function, quality,
information, and culture.

1. Building Shape - transforming a
traditional focus on the shape alone to
emphasis on a harmonius relationship
between the building and its context.

In the past, architecture has mainly

focused on a building’s shape. In the future,
architecture should be responsible to society
S0 as to meet social requirements and needs

in a broader context and with deeper content.

For Shanghai Tower, such considerations
are given in three perspectives: architecture,
context, and city.

From a city's perspective, the skyline of
the city should be rich in view. Supertall
buildings can easily change a city’s existing
skyline that has been forming for years. To
preserve the original urban appearance
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of a city, the building shape should be given serious consideration.
When determining the height of the Shanghai Tower, considerations
are made to its relationships to the two adjacent supertall buildings
(the Jin Mao Tower and the Shanghai World Financial Center), to the
Pudong area, and to the city of Shanghai as a whole. The final scheme
was selected to reflect the ascending height of these three supertall
buildings (see Figure 1).

From a regional perspective, the Shanghai Tower aims to improve
functional programs of the Little Lujiazui Central Area and enhance its
potential for better regional development. During the planning phase,
the Shanghai Tower emphasized the regional transportation network
where an underground tunnel has been added on the B2 Level to
form a regional three-dimensional traffic system that will release
ground traffic pressures. After regional service program investigations,
additional supporting facilities were added for commercial services,
cultural services, and white-collar service facilities.

From a construction perspective, the Shanghai Tower simply does

not wish to make the building taller for the sake of it, but rather have
a unique characteristic to its architecture and a distinct relationship

to the city and the region. The Tower’s main concerns are focused on
the innovation of design and improvements of internal functions with
more emphasis on naturalistic, humane, and technological elements.

2. Architectural Function - transforming from a traditional single
function to a multi-functional vertical community

Vertical communities, in short, require the superimpositions of
horizontal blocks in verticality in order to create a dynamic vertical
community. The future of the vertical communities will have more
comprehensive functions and pleasant spaces. The characteristics of
the Shanghai Tower are:

Vertical function zones. The entire tower is divided into specific
function areas, from downwards up, they are: public parking, public
passageways, living areas, commercial and meeting areas, offices,
hotels, sightseeing areas, and an observation deck (see Figure 2).

Separately zoned transportation and mechanical areas. There
are zones that service vertical transportations. In each zone, people
can go up directly to the respective zone from the ground and then
take shuttle elevators to each floor. This can reduce the pressure of
high population concentrations on the ground level. Every single
zone has its own mechanical floor and refuge floor which establishes
an independent system within the zone that can save energy and
enhance the evacuation process of the whole building. The building
is also connected to public transportation. For example, on Level B2,
public passages are connected to adjacent buildings and two lines of
the city’s metro railway (see Figure 3). On the ground level, the tower is
also connected to ground public transportation.

Street level plazas. There are various intersecting plazas in the
Shanghai Tower which provide people with a diverse and social
environment to mingle in. The 24 sky lobbies in the tower also make
communication easier (see Figure 4). On the ground level, lobbies are
distributed for commercial activities, social activities, and offices while
each of them holds a unique independent plaza. On Level B1, there
are two outdoor plazas through which people can enter and exit the
building with ease.

Vertical green areas. Besides the exterior public green areas, there
is also a green area on the balcony of the fifth floor of the podium.
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Figure 1. Jinmao Tower, Shanghai World Financial Center & Shanghai Tower (Source:
Shanghai Tower Construction & Development Co., Ltd)
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From Jin Mao to Kingdom: Search for an Asian Supertall
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Adrian Smith, FAIA, RIBA, has been a practicing
architect for 45 years. Adrian’s body of work includes
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including Burj Khalifa in Dubai, the world’s tallest
building; Jin Mao Tower in Shanghai; Trump
International Hotel & Tower in Chicago; and Zifeng
Tower in Nanjing, China. Recently, Adrian’s portfolio has
expanded to include Kingdom Tower, to be the world’s
tallest building when completed in 2017 in Jeddah,
Saudi Arabia; and Wuhan Greenland Center, to be the
world’s fourth-tallest building when completed the
same year in Wuhan, China.
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Abstract

The paper traces the evolution of Mr. Smith's career as a designer of supertall buildings, the Jin
Mao Tower (1999) to Kingdom Tower, to be the world’s tallest building when completed in 2017.
He discusses his contextual approach to design, which seeks to engage the history, culture,
indigenous architecture and natural environments of the locations his buildings serve. His work
was the first to recognize the relationship between a tall tower’s exterior form and the resultant
wind resistance’s effects on the tower's movement and the comfort of its occupants. This

has led to a methodology in the design of high-performance supertall towers that mitigates

the acceleration of movement caused by wind vortices, ‘confusing”the wind by shaping,
manipulating or opening the buildings'form. This method, verified by wind-tunnel testing in the
early stages of design, is now widely emulated and influential within the profession.

Keywords: Supertall. Design. Jin Mao. Burj Khalifa. Kingdom Tower.
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Introduction

| am often asked: How did you get interested
in designing supertall buildings? When | was
ayoung man and a student, | recall a moment
in 1966 when | was driving into Chicago

for the first time and | saw this mountain of
buildings looming out of the horizon. It was

a magnificent sight, all man-made, majestic
and alive. It was that moment that | knew that
| wanted to be a part of the world of supertall
building design.

A year later | was hired by Skidmore, Owings
and Merrill, and one of the first projects |
worked on was the John Hancock Building,
detailing the entries to the observatory, at the
basement level. | went on to help design a
very tight mechanical system for the second
floor mezzanine space. That was a long way
from where | wanted to be, professional
speaking, but it was a start.

It would be 25 more years before | had the
opportunity to design Jin Mao Tower, my first
supertall, where we are today (see Figure 1).
This was done via a competition process; the
stipend was equivalent to $10,000 for a very
complete schematic design effort, which
wasn't much money. But this was during the
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recession of 1993, so | took it on. It was tempting, also, because at 421
meters it was destined to be China’s tallest building and the world'’s
third-tallest; today it's the world’s twelfth tallest.

By 1993, | had developed my philosophy of contextualism—the idea
that buildings should engage the history, art, landscape, climate,
vernacular architecture and indigenous materials of where it's located,
and to interpret and honor the cultures they serve—and the Jin Mao
competition offered an opportunity to apply this philosophy on a
grand scale.

That year, a delegation from the client visited us in Chicago and made
clear, early on, that they wanted an 88-story building. My first question
was: Why? Why not two buildings on the site, say a 50-story office and
a 38-story hotel, instead of a tall mixed-use building? After all, it would
be cheaper and would be constructed much faster. They said it had

to be 88 stories because Deng Xiaoping, the Chinese leader, was 88
when he stood on this very site and declared that it would be the new
financial center of China. This happened in the eighth month of 1988.
Later, at lunch at a restaurant in Chicago’s Chinatown, after we had
eaten and the fortune cookies were handed out, the client’s chairman,
Mr. Zhang, opened his and found the numbers 8, 16, 24, 32 and 40

on his fortune. Very excited, he showed it to all of us and quickly put
itin his wallet. | then looked around the table and noted that there
were eight of us, and that this was March 24: 3 x 8 = 24. | understood
the significance of the number 8 to the client and to Chinese culture
in general, and | knew right there that | would design this building
around it.

We didn't base all of our design decisions around the number 8, of
course, but it became intriguing to weave elements of it into the
design. The elements of the building that worked best in conjunction
with the number 8 came very naturally, such as the octagonal core, the
eight main super-frame columns and the eight-sided exterior at the
top. The setbacks of the building were also examined with eight-floor
increments in mind. And very early on, we looked at the setbacks as
mathematical increments of eight by doubling it, as in the form of the
first setback (2 x 8 + 16 floors). We reduced the number of floors in
each setback zone by one-eighth until we reached the hotel (16, 14, 12
and 10). At each eight-floor zone, the pace of setbacks was changed to
single-floor increments at the hotel, or one-eighth of eight (8,7, 6, 5, 4,
3,2,and 1). The final combination of floors totaled 88.

The other major cultural influence | drew upon for Jin Mao was China’s
5,000-year history of building pagodas, one of the precursors of the
manmade skyscraper. Jin Mao is of course not a copy of a pagoda, but
rather an analogy to the profile, in much the same way as the 1950s
simple rectangular International style glass box forms were evocative
of the towers at San Gimignano, Italy. The pagoda symbolized the
center of gathering within villages and cities through ancient China,
and as such, the analogy was fitting for the centerpiece of Shanghai’s
new Pudong Financial District.

In this sense, Jim Mao is uniquely Chinese in character and symbol.
However, in its use of materials, building systems, the technology used
to construct it, and the nature of its spaces and functions, it was a
state-of-the-art, international building of the highest quality. And the
pagoda-like form is also modern in other ways. The biaxial symmetry of
Jin Mao responds to views from all directions, its gently stepping and
undulating form ascending in a progressively rhythmic way, increasing
the sense of height through the use of a forced perspective (see Figure
2). This also acts as a wind damper to diffuse the lateral wind forces

on the mass, which can cause lateral movement in supertall towers
that can be sensed by their occupants —a concern that | would also

Figure 1. Jin Mao Tower, Shanghai, China. Photo ©SOM. All rights reserved.
El. &%AE, big, $E. SMBA, BAFEA.

Figure 2. Jin Mao Tower, Shanghai, China. Photo ©SOM. All rights reserved.
F2. &% AE, L&, FEH. SIMER, RIHA.
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He was the technical director responsible for the
management and operations of all technical work

for the world'’s seventh tallest high-rise, Zifeng Tower
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working in the technology management and product
R & D department of the Greenland Group in August
2010. As general manager, he is now responsible for
the Wuhan Greenland Center which is over 600 meters
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a couple other 300+ meters high supertall, and five star
hotels as the technical management of eastern China.
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Abstract

This paper takes the world's seventh supertall, Zifeng Tower, as an example and integrates the
authors’management experiences in more than ten supertall buildings in order to analyze

the difficulties of the entire construction process from the perspective of the architect and
estate owner. This paper proposes specific ideas and methods to ensure quality during the
whole process of arrangements in the early stages such as: design firm selections, designs, and

construction processes.

Keywords: Zifeng Tower, Management experience, Design quality assurance
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Introduction

Since supertall buildings are sought after by
mankind as a medium to stretch the laws of
physics, these supertall buildings have already
gone far beyond conventional construction
methods. Supertall buildings often carry the
representational expectations of a city or a
country. As the economy and development
of related technologies continue to thrive

in Asia, China has already become the main
field of competition for supertall building
construction. Currently, more than one-third
of the one hundred tallest buildings and over
half of the ten tallest buildings in the world
are in China. China is entering the supertall
building era at an unprecedented pace.

As one of the top five hundred companies in
the world, Greenland Group is among the first
few real estate companies in China to enter
the supertall building field. Greenland Group
has established working relationships with
SOM, Adrian Smith + Gordon Gill, Thornton
Tomasetti, ECADI, and many other famous
design institutes. The Group has also been
working with the Shanghai Construction
Group, China State Construction Corporation,
and many other large construction companies
since 2004. Greenland Group has grown from
a“freshman”to an experienced developer with
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Figure 1. Supertall building practices of Greenland Group
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a well-established supertall building management system through
this process. Supertall buildings have become one of the Group's core
strong points. More than fifteen supertall buildings over 250 meters tall
have already been completed or are currently under construction (see
Figure 1); this includes the completed 450-meter Zifeng Tower, which
has been put into operation (see Figure 2), and the Zhengzhou Qianxi
Square which recently topped out and soon will be put into operation
(see Figure 3). The 600+ meter-high Wuhan Greenland Center and the
500+ meter high Dalian Greenland Center are among some of the
well-known under construction projects of the Greenland Group.

Architectural characteristics and difficulties of supertall buildings

Supertall buildings usually have enormous volumes, generally over
200,000 square meters, and complex functions, which usually include
hotels, apartments, offices, business clubs, and tourist observatories.

These structures require large capital investments, easily over tens or
hundreds of billions RMB and have long periods of return because
only offices and apartments within the building are for sale. The rest of
the building is only leased out for hotels, retail, and tourist functions.
In earlier years, the majority of completed supertall buildings were all
leased properties. Recently, some supertall buildings are beginning to
sell part of their property such as the Burj Dubai, Hong Kong Finance
Center, Zifeng Tower, and the World Financial Center.

It is also more difficult to operate and manage supertall buildings, and
they have higher operating costs in comparison to regular projects,

Figure 2. Nanjing Greenland Square Zifeng Tower
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Abstract

Facades form the identity and functionality of high-rise buildings. The “design process” for
complex bespoke architectural high rise facades is an abstract term that in reality is not a

single process but a simultaneous cross-disciplinary design processes. These include facade
integration with the building environmental systems, holistic system performance, decision
making tools and efficiency streamlining for production, procurement and installation. This
paper outlines various cross-disciplinary integrated design processes with a particular emphasis
on the need for specific customised design systems and tools that enable complex facade
forms to be economically and efficiently realised.

Keywords: Design Process, Integrated Design, Holistic Design, Efficiency Streamlining
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Rethinking The “Design Process”

"Design’, particularly as it relates to building
facades, is an abstract term often presumed
as a linear process. Unlike other systems
within the building which have distinct yet
relatively independent functions, the facade
must be designed to cope with numerous
building system requirements including
structural (building movements), thermal
(solar irradiation, heat transmission), weather
tightness (durability, water exclusion), comfort
(acoustics, glare), security (blast, intrusion) and
safety (fire, impact), whilst maintaining the
desired architectural aesthetic.

In reality, "design”is a series of distinct
concurrent multi-disciplinary processes that
includes:

» Facade whole-building environmental
system integration

« Holistic system performance
« Effective & reliable decision making

« Design Streamlining & Efficiency.
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Facade Whole-Building Environmental System Integration

The need for reductions in carbon emissions has seen many revisions
in national building codes worldwide aimed at reducing energy.
Facade systems must be designed as dynamic elements providing
between comfort (glare, natural daylight transmission and radiant
surface effects) and energy (solar heat gains, thermal transmission,
leakage). In the design of building environmental systems, facade
performance is often modelled using steady state performance
properties. In reality, environmental conditions vary and the fagade will
invariably be dynamically regulated to achieve a balance of occupant
comfort and energy efficiency. In order to be able to achieve energy
reductions and improved comfort levels in buildings, the dynamic
performance advantages of facades need to be accurately modelled as
well as controlled and monitored with a high degree of confidence.

From an engineering viewpoint, the dynamic behaviour of the facade
can be achieved using an advanced control system that includes
blinds, HVAC, occupancy sensors and lighting.

A managerial constraint in achieving fagade whole-building
environmental system integration is primarily due to the time
schedule which the environmental system and facade are procured,
with the former usually carried out during the whole building design
engineering process whilst the fagade is usually procured at the
specialist sub-contractor stage when major building design has

been “‘completed”. The possibility to use the specialist engineering
experience of the facade contractor to integrate the facade and HVAC
system is often too late in the main construction programme.

Permasteelisa & SOMFY have developed a BMS system utilizing
software algorithms where blind controls have been integrated that
interact with HVAC controls that dynamically regulate the facade for
cooling demands, using the solar heat gains to condition the building
before switching on heating as well as to interact with lighting and
glare controls (see Figure 1).

Further optimisation is achieved using occupancy sensors. When the
room or office is not occupied, the glare protection or comfort level
has no priority setting so blinds can run in the energy mode.

After facade installation, either the facade contractor or blind
manufacturer is responsible for all electrical connections from and
to the fagade. Thus a great deal of site work is required at generally
higher costs compared to factory installation. With this technology
itis possible to integrate blind controls into the facade. The major
advantage being that a majority of electrical connections and
programming is completed resulting in considerable time savings
and less on-site failures. This integration is undertaken during facade
production as well as testing and regulation of the blinds essentially
eliminating failures.

Holistic System Performance

The application of advanced materials, particularly composites, in
aerospace, automotive and defence industries is well established and
gradually being embraced as an architectural material in tall building
facades.Design standards relating to the use of innovative materials

in building facades are not well established. In order to correctly
design innovative materials into facades which have no standards for
application or track record, an alternate design process is required that
looks at a holistic system performance.

The standard design approach involves specialists in various
performance disciplines including design, structural, materials, building
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Figure 1. Schematic facade BMS integration (Source: Permasteelisa Group, 2012)

Bl FHEBMSE AT RE CGRIE: WEMtdAlY &R, 2012)

L, BFELAHETH RN, BRBEBLFHSHIRAE, UKE
JA PR LR IR 2 B BT . O SE I S A 9 RE AR R D An
REFEE, FEAASRBERAS BRGNS U B HTHEH
L, FEER M.

NIBAERE, BN EITRABREHEE, HAC (
KR, B, #1%) , =8 b RS KR RS R Sk

EEAREERATERG— L HEE L MRS, TERE
FES RO AP TN S AT 3T e g
BHERPLHE, MEREENREANSRARINE “FR 1
LU H AR BT EEHEAR, £ EETEF A

FEEAATNE L TRERAAEE 55, ARG TREH
CHVAC) % 45— fh 1.1 T fl b JL P4 T 2L

BT F 9 5 94K (SOMFY) BRA7F % BBMS 7 4 % A 55 3 [ 4%
GBI E R BIVACE S T 2, NTTHE0A SR S A Rl H
B, TR BAR A AEA A 2 R T A A,
B 5 B RS TS (D .

A 5 AR ET RN — S W, % B RANETA
W, BARPRAERTREEERE, BETUEFRERT
A7,

ERELEE, N EEAAH LR EE AT SR
B FEE, SETSFEML, XEARNAH LAY
FERBARAMN, BRIAHATHEELHSETEEA. ¥
BAWETERBET AN BT UBPEREESEE LA

o, FABE RS THIL A, to— ot B R
BB RR U R  HAT, T AR R,

ERZERGMR

FHMM, REEAMK. AEMER TAHEZSMHELAEE
RE, FHEBH BB AT ERAREEM ., EHFAREATE
ARBHERRIAERL T E . TR M ARER LT TR
BRT, BEHRERTHABETRE T, RFEZ - HUEK
AoMRAR BRI A,
AR FEEY AL MREFRNLT VAR, BRI, 4
H, Mk, BAME, FF, BK, REALE, £FMATE
#*, RN AGNERHATFEFE L RN
ZLE2, WRITE R AR RE, RATEIUFfo B F B
HHES 2RBE—ARITHTE. LB ETERFALET, BT
AR, MARKT QI ELE, EHZEZLARNMREESR
IR T A FWTUR,  F R H TR 2R IR

49



A Tale of Tier Two Cities
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Abstract

The migration of Chinese residents to cities presents great challenges and opportunities.

Large developments near the city core represent the best solution to the challenges of this
urban migration, but the superblock must be configured with a strong sense of place, and tall
buildings are essential to making this possible. Tier 2 and Tier 3 cities pose additional challenges
to creating developments that establish a sense of place both in the skyline and at street

level: how can one achieve architectural sophistication with a simplicity of means? Three case
studies designed by NBBJ for Eton Properties—located in Xiamen, Shenyang, and Dalian—are
considered. The future of tall building design is the architectural expression of internal function.

Keywords: Tall Buildings, Superblocks, Simplicity, Tier 2
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In 2011, for the first time in history, a higher
percentage of China’s population lived in
urban areas than in rural ones (Bloomberg,
2012). And though other regions are
urbanizing at a faster rate than China, the
United Nations estimates that 1 billion
Chinese will live in urban areas by 2050—an
increase of more than 300 million people
(United Nations, 2012). This influx of urban
residents presents great challenges and
opportunities. And while much has been
written about China’s Tier 1 cities—Beijing
and Shanghai, and typically Guangzhou and
Shenzhen as well—most development in
the next four decades will occur in the so-
called Tier 2 and Tier 3 cities, in maturing and
emerging markets throughout the country.

To accommodate this growth, Chinese

cities must become increasingly dense. For
instance, the three emerging cities under
consideration here—Xiamen, Shenyang, and
Dalian—contain, respectively, only 1,600
people per square kilometer, 2,200/km?, and
2,400/km? (US Consulate, 2012a and 2012b;
Xiamen). These cities are significantly less
dense than Los Angeles (3,100/km?), let alone
Paris (20,000/km?) or Manhattan (27,000/
km?), although they are expanding rapidly
(US Census, 2012a and 2012b; United Nations,
2011).
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As traditional hutong streets and low-rise buildings will be insufficient,
large urban-scale developments near the city core represent the best
solution to the challenges of this urban migration. Only large sites can
accommodate density, create a coherent spatial experience, and house
the critical mass of mixed-use programming necessary to jump-start
urban vitality in the area. When successful, these projects can then

be leveraged to positively influence the surrounding area, increasing
nearby land value and spurring additional high-quality development.
We call this city building.

When poorly executed, however, large “superblock” developments
have rightly received criticism for being out of scale, hostile to the
pedestrian experience, or walled-off fortresses divorced from the city
around them. To avoid these pitfalls while still achieving the benefits
of large development—density, critical mass, mixed uses, a coherent
environment, and urban vitality—the superblock must be configured
with a strong sense of place, and tall buildings are essential to making
this possible.

As China continues urbanizing, many planners and architects may
ask—certainly many have asked us—why so many tall buildings? The
reasons are many. For one, tall buildings enable greater density, even
as they free other portions of the site for open spaces such as plazas,
courtyards, and other public amenities which create a sense of place
that enhances the overall value of the development and benefits the
surrounding community. For their inhabitants, tall buildings provide
outward views, daylight, and airflow around the exterior; while the
large building site furnishes a convenient mix of uses and proximity
to the CBD. Economists and planners have repeatedly proven that
the kinds of social interactions that spur innovation and increase GDP
thrive on the density that tall buildings can provide.

Finally, tall buildings play a crucial role in the image and psyche of

the cities in which they are built. Most people associate a city with its
tallest or most interesting buildings: New York has the Empire State
Building, Hong Kong the Bank of China building, Shanghai the Oriental
Pearl Tower. This is no exception in emerging cities, where prime sites
challenge their designers to create sophisticated architecture that
represents the city’s aspirations.

These are the factors fuelling China’s dramatic building boom, and
some truly impressive architecture has resulted. However, Tier 2 and
Tier 3 cities pose an additional challenge to creating a development
that will establish a sense of place both in the skyline and at street
level. That is, how can one achieve architectural sophistication with a
simplicity of means? In developing markets, simplicity yields important
benefits: ease of constructability can not only accommodate varying
capabilities in the construction trades, but also speed the product to
market, which may make all the difference in a rapidly urbanizing area.

Developer Eton Properties and architects NBBJ are currently
collaborating on projects in three of China's rapidly developing Tier
2 cities: Xiamen, Shenyang, and Dalian. These projects, all of which
feature large development sites and tall buildings (and all currently
under construction), exemplify our approach to creating a sense of
place using architecturally sophisticated simplicity.

Xiamen Eton Center

Xiamen, a southeastern coastal city located approximately halfway
between Hong Kong and Shanghai, occupies a large island and
surrounding mainland areas. The Eton Properties site—adjacent to
the harbor, the CBD, and the main street leading from the water deep
into the city—enjoys tremendous views of the sea and nearby historic
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Abstract

Taipei Financial Corporation (TFCC), similar to most super high-rise developers, has gone
through its share of challenges throughout the relatively short span of the building’s
existence; from the early days of planning and design, through construction and subsequent
management. But after only 13 years of successfully navigating numerous obstacles, the
TAIPEI 101 project can already be considered to have achieved its original objective to be
truly sustainable. Such sense of success could not be achieved without the integration and
accomplishment of three critical aspects — Economical, Environmental, and Social.

Keywords: Sustainability; Tall Building; Skyscraper; Taipei; TAIPEI 101

WE

glLemAM NS (TFCC) MAMXIBIT WA, XFXxE—HIAELERFTEE, AEARE
MHTHERKOFERE T, §EEEGRAMOT XE —HHET T A5 "R BT,
T, ERTBERRTENSA, GHI0ABEEERTETAEEER, RAK
BREEBRANR. TIRGNEERE, TEAEGTUT=AERNEER: Z5FE

.M EHE. ot

K RSN, BEREL, EAAR, &4, &4t101

Introduction

TAIPEI 101 is a skyscraper situated in the

XinYi Planned District , Taipei, Taiwan. The
District, an urban development project
initiated in the 1980s that covers 153 hectares,
was planned to be the financial, retail, and
entertainment hub of Taipei, showcasing the
internationalization and vitalization of the city.
(see Figure 1).

Formerly known as the Taipei International
Financial Center, TAIPEI 101 is a Build-Operate-
Transfer (BOT) project that was financed,
developed and has been operated by Taipei
Financial Center Corporation (TFCC) since
1997.The plot of land is zoned for commercial
development and specifically designated as a
location for multinational financial institutions,
as Taipei aspired to be Asia’s regional financial
center. The development is comprised of a
101 floor office tower, a 5 level retail podium
and 5 basement levels totaling approximately
398,000 square meters of world class floor
space. TAIPEI 101 set a new benchmark

of prestige and luxury to the businesses,
consumers and tourists of Taipei. TAIPEI 101
Mall opened for business in November 2003,
followed by the office tower one year later.
TAIPEI 101 Observatory, on the 89th floor,
welcomed its first visitor in January 2005.
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TAIPEI 101 was designed and built with a long-term goal in mind,
wishing to demonstrate local culture and values, becoming the
bridge between Taipei and the World. To be a sustainable skyscraper, it
requires the integration of the following three aspects: 1) Economical,
2) Environmental, and 3) Social.

Financial Success

The “Curse of skyscrapers”

When it comes to the economics of super high-rise buildings, the
“curse of skyscrapers”has become an inevitable topic of discussion
since Andrew Lawrence coined the “Skyscraper Index”in 1999. The
concept proposes that skyscrapers are indicators of impending
economic downfall. This was succinctly summarized by, Thornton
(2005, pp58) who said that “First, a period of ‘easy money’leads to a
rapid expansion of the economy and a boom in the stock market. In
particular, the relatively easy availability of credit fuels a substantial
increase in capital expenditures. Capital expenditures flow in the
direction of new technologies, which in turn creates new industries
and transforms some existing industries in terms of their structure and
technology. This is when the world's tallest buildings are begun”

The investment in building a skyscraper is normally the result of
confidence fuelled by excessive availability of credit, which occurs
most prominently as major economic cycles reach their peak, after
which contraction is a natural and unavoidable consequence. In
that sense, the timing of the decision to build TAIPEI 101 to such an
exceptional height can be argued to support this idea, however, the
decision was made with the support of extensive business modeling
and sophisticated financial planning.

Because of their exceptional scale and complexity relative to standard
sized commercial buildings, the duration for planning and construction
supertall buildings are relatively longer. This increases the risk that the
construction phase must weather an economic down cycle which

can severely impact the project in terms of project financing. In
addition, it is even harder to predict the economic environment and
market situation at the time the building comes on line, which creates
a serious challenge to the subsequent successful operation of the
building. The developer of a skyscraper must therefore take a very long
term view in planning for financial success.

TAIPEI 101 was conceived at the height of Taiwan’s technology-reliant
market and broke ground in 1999, coinciding with the burst of the
dotcom bubble, as construction proceeded through the 2001 global
recession. Taiwan's economy didn't start to recover until 2002 (see
Figure 2). Careful financial planning and a well thought out project
development strategy allowed TAIPEI 101 to complete construction in
2004, though the management team dealt with a steep learning curve.

Market positioning

TFCC has planned the development into three operating units
according to local market needs — TAIPEI 101 Mall, TAIPEI 101 Tower
and TAIPEI 101 Observatory. Many question the exclusion of residential
and hotel components from the development. The reasons for this
omission are that residential development under local market practice
requires strata title sale, which raises huge concern over safety,

and effective management and high quality of operations that the
project sought to deliver. In addition, due to zoning restrictions, it

was not possible to include either residential or hotel space during
the planning stage. Zoning restrictions were relaxed during the
construction phase, but by then it was not feasible financially and
operationally to include a hotel component to the project.

Figure 1. XinYi Planned District, Taipei, Taiwan (Source: Taipei Financial Center Corp)
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Figure 2. Taiwan Economic Growth (Source : Taiwan Statistic Data Book, 2005)
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Burj Khalifa: Creating the World's Tallest Integrated “Vertical City”
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"ﬂ#i Abstract
3= Burj Khalifa, the world's tallest building, is more than simply an icon for fast-growing Dubai.
Ll Emaar Properties created the world’s most dramatic example of an integrated vertical city,

combining residential space, a luxury hotel, restaurants, offices and retail space into one
efficient tower, where people can live, work and play. The average daily occupancy of Burj
Khalifa is more than 6,000 people. The 828-meter tower also serves as a centerpiece of
Downtown Dubai, a $20 billion, 500-acre development which creates a new urban environment

Fred Durie for the emirate. The increasing value of land and projects in the area due to the presence of the
tower is now known as the “Burj Khalifa Effect” This paper discusses the challenges in designing
Fred Durie and building the world's tallest building and making it a vertical community, while integrating
Emaar Properties the project with the surrounding development plan.
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Fred Durie, a UK. civil engineer by training, has
worked in Dubai since 1986, initially with the Dubai
Municipality, before joining Emaar in 2001. In his role
as Executive Director of Development he managed
Emaar’s major developments at Dubai Marina, Emirates
Living, Arabian Ranches and most notably its flagship
development at Downtown Dubai, which includes Burj
Khalifa, currently the world’s tallest building.

In 2008 he became CEO for Emaar JV companies in
Saudi Arabia and, until late 2011, headed a team
carrying out development services for Kingdom
Holdings on projects in Riyadh and Jeddah. The project
in Jeddah is planned around the Kingdom Tower which
will be the future tallest building in the world.

Based in Dubai, he is now CEO for Emaar International
working on developments in Egypt, Saudi Arabia,
Morocco, Syria, Jordan, Lebanon, Turkey and Pakistan.
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Introduction

The Burj Khalifa, unlike previous “World's
Tallest”buildings, is a mixed use development
accommodating the world’s first Armani
Hotel, hotel serviced apartments, residential
apartments, restaurants and office space, and
as such operates on a “round the clock” basis.
The average daily occupancy of the building is
in excess of 6,000 people (see Figure 1).

At 828 meters (2,716.5 ft) in height, Burj
Khalifa features more than 1.85 million

square feet of residential space and more
than 300,000 square feet of prime business
space, in addition to the Armani Hotel Dubai
and private Armani Residences Dubai. It

also includes four pools, clubs, an exclusive
residents’'lounge, health facilities and
Atmosphere, a fine dining restaurant. In many
ways, the tower represents a coherent set

of ideas about technology, design, art and
ambition. The scale is unprecedented: 330,000
cubic meters of concrete, 142,000 square
meters of glass and 57 elevators.

But tall buildings in the 21st century do not
stand alone. Alone they might come to be
seen as little more than grandiose gestures. If
they are to truly live, then they must be part
of a greater scheme, and that greater scheme
is the city. A city must build a social space, a
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commercial space, a space for art and sport and culture, a place within
which people can work, rest and play. Buildings make cities, but cities
also make buildings.

Like Kuala Lumpur’s Petronas Towers, Burj Khalifa is part of a much
larger, greater scheme. The tower is the central focus of the new
Dubai ‘downtown,"a US$20 billion mixed use development covering
500 acres. Key elements include The Dubai Mall, one of the largest
shopping and entertainment destinations in the world; The Dubai
Fountain, the world tallest performing fountain, shooting water 500
feet high; and more than 1 million square feet of office space. Building
and integrating these diverse elements to create a living, breathing
city were just as complicated as building the world’s tallest tower (see
Figure 2).

Even as the project evolved, staying true to the original vision for
Downtown Dubai was crucial. Typically in a project like this on a mass
urban scale anywhere in the world, a wide variety of compromises are
made, due to the involvement of different interests. It is compromised
because a city planner wants to change something, or one mayor
wants it this color, another mayor wants it that color. With this project,
that wasn't the case. From the commencement of construction in
2004 until the inauguration in 2010, the building became part of the
collective experience both of those who worked there and of those
who admired it from afar.

Early Stages

Burj Khalifa was designed as the tallest structure ever built by man. The
tower itself required great leaps forwards in tall building technology.
Gravity load analysis, aerodynamic shaping and wind engineering
played a major role in the architectural massing and design of the
project. From the commencement of construction in 2004, the tower
became part of the collective experience of everyone who worked on
the project, as they sought to solve issues and create new approaches
for the structure.

Emaar Properties PJSC, the developer, is best known for luxury master-
planned developments. Founded in 1997, Emaar is a Dubai-based
global property developer listed on the Dubai Financial Market. It

has operations in several countries, in addition to the UAE, where it
has also developed the Dubai Marina - a master-planned waterfront
development with the “world’s densest block,"including several of the
world’s tallest residential towers.

The design of Burj Khalifa is based on the geometry of a desert flower
and patterns found in Islamic architecture. The towering mass is
organized around a central core with three wings. Each wing consists
of four bays. At every seventh floor one outer bay ends as the structure
spirals to the sky. The Y-shaped floor plans maximize views and add
natural light to the interior spaces. The tower is built from reinforced
concrete to level 156, and then structured steel to the pinnacle. As it
grows taller, the tower grows thinner, reducing wind dynamic effects
(see Figure 3).

The lateral load reducing system consists of reinforced concrete core
walls, linked to the exterior columns through a series of shear wall
panels at the mechanical levels. The core walls vary from 500 to 1,300
millimeters (19.69 inches to 51.18 inches), and are typically linked
through a series of 800 to 1,100 millimeter reinforced concrete or
composite link beams at every level (see Figure 4).

The exterior cladding is comprises reflective glazing with aluminum

Figure 1. Burj Khalifa standing among the buildings of the city. (Image: SOM, Nick Mer-
rick Hedrich Blessing, 2010.)
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Kingdom Tower: A New |con for Saudi Arabia
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Kingdom Real Estate Development Co.
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Riyadh 11321
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Talal Al Maiman is a member of the board and
executive committee of Jeddah Economic Company, a
corporation established in 2009 to develop Kingdom
Tower in Jeddah, Saudi Arabia. Mr. Al Maiman is

also Chairman and CEO of Kingdom Real Estate
Development Company, based in Riyadh. KREDC

is a division of Kingdom Holding Company, whose
chairman is His Royal Highness Prince Alwaleed Bin
Talal Bin Abdulaziz Alsaud, nephew of Saudi Arabia’s
King Abdullah.
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Abstract

This paper provides an introduction to, and overview, of Kingdom Tower - expected to be

the world’s tallest building, at over 1,000 meters, when completed in 2017 in Jeddah, Saudi
Arabia. The paper outlines the project’s history, including the competitive process that led to
the selection of the design scheme; its architectural and structural designs by Adrian Smith +
Gordon Gill Architecture and Thornton Tomasetti respectively; its sustainability features; and its

construction schedule.

Keywords: Kingdom Tower, Talal Al Maiman, Jeddah Economic Company, Adrian Smith,

Gordon Gill
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It has been the author’s great pleasure to be
involved in the planning of Kingdom Tower,
which, at more than 1,000 meters, will be the
world’s tallest building when completed in
2017 in Jeddah, Saudi Arabia (see Figure 1).
The intention of His Royal Highness Prince
Alwaleed Bin Talal Bin Abdulaziz Alsaud and
Jeddah Economic Company (JEC), on whose
executive committee the author serves, is for
this magnificent soaring structure to express
the vitality, the aspirations and the greatness
of our Kingdom and its people for generations
to come.

At a total construction area of 550,000
square meters, Kingdom Tower will be the
centerpiece and first construction phase of
the 5.3 million-square meter Kingdom City
development in north Jeddah, overlooking
Obhur Creek and the Red Sea (see Figure 2).

Expected to be constructed at a cost of
US$1.2 billion, Kingdom Tower will be a
mixed-use building featuring a luxury hotel,
office space, serviced apartments, luxury
condominiums and the world's highest
observatory. Kingdom Tower’s height will be
at least 173 meters taller than Burj Khalifa, the
world’s current tallest building (see Figure 3),
which was designed by Adrian Smith while at
Skidmore, Owings & Merrill.
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Figure 1 : Kingdom Tower, Jeddah, Saudi Arabia. (Source:
Jeddah Economic Company/AS+GG)
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Adrian Smith + Gordon Gill Architecture’s design for Kingdom Tower is
both highly technological and distinctly organic. With its slender, subtly
asymmetrical massing, the tower evokes a bundle of leaves shooting
up from the ground - a burst of new life that heralds more growth

all around it. This symbolizes the tower as a catalyst for increased
development around it.

The sleek, streamlined form of the tower can be interpreted as a
reference to the folded fronds of young desert plant growth. The way
the fronds sprout upward from the ground as a single form, then start
separating from each other at the top, is an analogy of new growth
fused with technology.

While the design is contextual to Saudi Arabia, it also represents an
evolution and a refinement of an architectural continuum of skyscraper
design. The three-petal footprint (see Figure 2) is ideal for residential
units, and the tapering wings produce an aerodynamic shape that
helps reduce structural loading due to wind vortex shedding.

The result is an elegant, cost-efficient and highly constructible design
that is at once grounded in built tradition and aggressively forward-
looking, taking advantage of new and innovative thinking about
technology, building materials, life-cycle considerations and energy
conservation.

For example, the project will feature a high-performance exterior wall
system that will minimize energy consumption by reducing thermal
loads. In addition, each of Kingdom Tower's three sides features a
series of notches that create pockets of shadow that shield areas of the
building from the sun and provide outdoor terraces (see Figure 4) with
stunning views of Jeddah and the Red Sea.

The great height of Kingdom Tower necessitates one of the world's
most sophisticated elevator systems. The Kingdom Tower complex
will contain 59 elevators, including 54 single-deck, 3 double-deck,
and 2 triple-deck elevators, along with 10 escalators. Elevators serving
the observatory will travel at a rate of 10 meters per second in both
directions.

Figure 2 : Aerial view of the tower overlooking Obhur
Creek. (Source: Jeddah Economic Company/AS+GG)
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Figure 3 : Burj Khalifa, Dubai. (Source: AS+GG/ Tim
Griffith)
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