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Burj Khalifa: Creating the World's Tallest Integrated “Vertical City”
A AL RlEANREMNESN “EHAMT”

Abstract

Burj Khalifa, the world's tallest building, is more than simply an icon for fast-growing Dubai.
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

L

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.
PO Box 9440 . . . . .
Dubai Keywords: Dubai, Burj Khalifa, Planning, Environment
UAE
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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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Figure 2. The master plan for the Burj Khalifa development.
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Figure 3. The floor plates reduce in size as the building ascends.
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and stainless steel spandrel panels and stainless steel vertical tubular
fins. Close to 26,000 glass panels, each individually hand-cut, were
used in the exterior cladding, designed and fabricated by more than
300 cladding specialists from China. The curtain wall would cover
what is equivalent to 25 American football fields. The cladding system
is designed to withstand Dubai's extreme summer heat. A World War
Il airplane engine was used for dynamic wind and water testing (see
Figure 5).

Making the building people-friendly was as important as the structural
engineering. The podium, constructed with a suspended cable-net
structure, allows three separate entries for the offices, residences

and Armani hotel. The observatory elevators are double deck cabs
capable of traveling at 10 meters per second, with a capacity for
12-14 people per cab. Burj Khalifa is the first mega-high rise in which
certain elevators are programmed to permit controlled evacuation

for fire or security events. For the convenience of homeowners, the
tower is divided into sections with exclusive Sky Lobbies on Levels
43,76 and 123.There are state-of-the-art fitness facilities including
Jacuzzis on Levels 43 and 76. The sky lobbies on 43 and 76 both have
swimming pools and a recreational room that can be utilised for
special gatherings and receptions. Other facilities for residents include
a private library, an upmarket convenience store, Downtown Deli, and
a meeting place.
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Figure 4. Gravity Load Management diagrams (Image: Ahmad_Adelrazaq).
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As a facility, the Burj Khalifa delivers the latest generation in building
intelligence from the simplest lighting circuit through ambience and
life safety systems. Energy and asset management was enhanced

in ways that optimize environmental performance and operational
efficiencies across a single lifestyle building, facilitating the unique
combination of residential, offices and the Armani Hotel. It is very
much a converged building, from an infrastructure standpoint. The
designers focused on a key opportunity to optimize the building’s
life cycle by reducing the cost of assets, reducing energy costs

and reducing requirements for spare parts by coordinating these
technologies.

Construction

The foundation work on Burj Khalifa was completed in February, 2005
and level 100 was reached in January 2007. By April of 2008 it was the
world's largest man-made structure. Exterior cladding of Burj Khalifa
began in May 2007 and was completed in September 2009. At the
initial stage of installation, the team progressed at the rate of about 20
to 30 panels per day and eventually achieved as many as 175 panels
per day (see Figure 6).

More than 30 on-site contracting companies were involved in the
construction process. At the peak of construction, more than 12,000
workers and contractors were on site every day, representing more
than 100 nationalities. The building opened to the public in January,
2010.

The finished tower is the result of several new advances in material
technologies, structural engineering, wind engineering, seismic
engineering and computer technology, as well as construction
methods. Several key technologies were necessary to achieve the tight
construction schedule:

« Auto-climbing formwork system

« Rebar pre-fabrication

« High performance concrete

» Advanced concrete pumping technology
« Simple drophead formwork system

The tower accomplished a world record for the highest installation

of an aluminum and glass facade, at a height of 512 meters. The total
weight of aluminum used on Burj Khalifa is equivalent to that of five
A380 aircraft and the total length of stainless steel bull nose fins is 293
times the height of the Eiffel Tower in Paris.

In November, 2007, the highest reinforced concrete corewalls were
pumped using 80 MPa concrete from ground level, a vertical height
of 601 meters, smashing the previous pumping record on a building
of 470 meters on the Taipei 101, the world’s second tallest tower; and
the previous world record for vertical pumping of 532 meters for an
extension to the Riva del Garda Hydroelectric Power Plant in 1994. The
concrete pressure during pumping to this level was nearly 200 bars.
The amount of rebar used for the tower is 31,400 metric tons--laid end
to end this would extend over a quarter of the way around the world.

The Spire comprises 4,000 tons of structural steel and was
constructed from inside the building then jacked to its full height

of over 200 meters (700 feet) using a hydraulic pump. In addition to
securing Burj Khalifa's place as the world’s tallest structure, the spire is
integral to the overall design, creating a sense of completion for the
landmark. The spire also houses communications equipment (see
Figure 7).

Figure 5. Glass fagade of Burj Khalifa (Image: SOM, Nick Merrick Hedrich Blessing, 2010.)
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Figure 6. The concrete base for the tower.
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Downtown Dubai was developed concurrently with Burj Khalifa to
ensure that the area would quickly reach critical mass as a leisure

and entertainment destination. The Dubai Mall opened in 2008, and
features a total of 3.77 million square feet of gross leasable space.

The mail includes Dubai Aquarium & Underwater Zoo, which holds
the Guinness World Record for the largest acrylic viewing panel; the
Olympic sized Dubai Ice Rink; the region’s first SEGA Republic, the
largest of its kind indoor theme park; KidZania®, the only one of its kind
children’s edutainment center in the entire Middle East region; and the
22-screen Reel Cinemas, one of the region’s largest megaplexes that
can seat over 2,800 people.

But the mall and Burj Khalifa are only the centerpieces for a diverse,
self-contained destination and community. The site includes parks,
green space, the 12-hectare Burj Lake and three-hectare Burj Park,

in addition to the musical Dubai Fountain, which has become an
attraction of its own. Downtown Dubai also features world-class
hospitality & leisure facilities including the Armani Hotel Dubai,

the world’s first Armani Hotel, located in Burj Khalifa; The Address
Downtown Dubai; The Address Dubai Mall; The Palace--The Old Town;
and Al Manzil and Qamardeen in The Old Town.

Downtown Dubai also includes several thousand residential units, in
addition to the 900 apartments in Burj Khalifa, helping to create that
Downtown Dubai is a place for people to live and work, beyond the
attractions. The initial marketing campaign labeled Downtown Dubai,
"The Centre of Now” (see Figure 8).

Transition from Construction to Management

Transitioning from construction to Facilities Management and the
associated mobilization, stabilization and optimization of both staff and
systems was a challenge, considering the scope and diversity of the
building. Mobilization allowed the FM Team to fully prepare themselves
and all elements of the service providers and execution model to
facilitate a seamless and painless transition from a construction site

to an operational facility. By far the most demanding aspect of any
such Facilities Management delivery provision is not only working

with the usual defects liability period challenges, but also the ongoing
operational understanding of the installed systems. It is essential

that Facilities Management is part of the project team from the initial
concept right through to the handover of the construction.

The early mobilization for Burj Khalifa helped form the solid

foundation for FM’s stabilization, allowing the functionality of the
building and processes to settle down, while ironing out the few

blips and glitches that naturally occur in any building worldwide. It
was during stabilization that early failure curves were hit for some

of the supporting utility services. This is a natural occurrence and
unavoidable in a facility of this size and complexity. At the optimization
phase, the Facilities Management focused on enhancing the Facilities
Management provision and driving costs out while increasing
customer satisfaction.

There were many challenges, including Dubai Law 21 which required
the installation of additional security cameras in hotel corridors when
the building was operational and last minute modification to the
landscaping. Additional challenges included tenants eager to relocate
prior to final completion, an Armani Hotel open two months ahead
of schedule and numerous enhancements to systems to improve the
customer and visitor experience. Adjustments and modifications to
operational systems and procedures took place at the handover stage
and this will continue throughout the life of the building.
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Figure 8. The Centre of Now Dubai marketing campaign.
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When the building was first opened a sequence of operations was
developed for the manual operation of the air conditioning system.
Once the building was occupied, temperature readings were

taken throughout the building at various fan speeds and chilled
water temperatures to ensure that all areas were at a comfortable
temperature for the end users. New software was developed in order
to optimize the operation and include it in the Building Automation
System.

Finding service providers isn't easy for the world’s tallest building.

It takes time, focus and a world-class hospitality and facilities
management strategy model to drive absolute world-class delivery. It
also helps when there are several hundred staff members engaged in
the hotel and facility management operations.

Impact

When Burj Khalifa opened in 2010, it was not only the tallest building in
the world but also set a variety of other firsts:

o Tallest free-standing structure in the world
» Highest number of stories in the world
« Highest occupied floor in the world

« Highest outdoor observation deck in the world

Elevator with the longest travel distance in the world
« Tallest service elevator in the world

Downtown Dubai, anchored by Burj Khalifa, was specifically designed
to offer a mix of attractions and services. When Burj Khalifa opened,
Downtown Dubai was already a thriving community, with businesses,
hotels and residences. Still, Burj Khalifa had an impact. Rental rates

for apartments rose 13 percent in the two months after Burj Khalifa
opened, according to Landmark Advisory. “The most significant impact
of the launch of Burj Khalifa will be on the overall master development
surrounding the tower,"Michael Michael, director of sales and leasing
with Landmark Properties, told AMEinfo.com (see Figure 9).

While many communities around the world have struggled in the wake
of the global economic slowdown, Downtown Dubai has been one

of the quickest areas to recover. In the first quarter of 2011 apartment
rents in Downtown Dubai increased 6 percent, according to CB Richard
Ellis. The Dubai Mall, the most visited shopping and leisure destination
in the world, attracted 54 million visitors in 2011, a 15 percent increase
from 2010. The project continues to evolve. Construction is expected to
start soon on an 820-meter air-conditioned glass walkway connecting
the Dubai metro stop to The Dubai Mall, providing a further link to the
rest of the city.

Reflections

Burj Khalifa is audacity, dreams and optimism converted into the
reality of concrete, glass and steel. It is a coherent set of ideas about
technology, design, art and ambition. It is also, more importantly,

a reminder that a nation is rising and will continue to rise led by a
strategy of hard work and unshakable determination.

Burj Khalifa is a virtuoso sculptor’s masterpiece. It is an extraordinary
union of art and engineering and a monument to passion and
leadership. Great buildings, after all, speak of the cities where they
reside and the aspirations of their leaders who built them. Buildings
are where we store our memories. They are places where we can
evoke history. They are a form of immortality, a place and a portal to
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Figure 9. Burj Khalifa's grounds interact with the city on a deeper level (Image: SOM, Nick Merrick Hedrich Blessing, 2010.)

9. %A EEERTEELS (B4R E: SOM, Nick Merrick Hedrich Blessing, 2010)

history. The truth of a time and place is always elusive, but Burj Khalifa
speaks irrevocably of the future.

As we forge ahead into the future, it is always worthwhile to look
back from time to time, to see what we can learn from those who
have gone before. Great human feats are achieved through advances
in technology, through innovations in technology. There is also,
however, the human element, the spirit and the will to get things
done, the confidence and creativity to take that imaginative leap, the
sheer determination to prove the doubters wrong. Very often, the
impossible is simply that which has not yet been achieved.

What is the difference between a big building and a great building?
The question is simple: Is it good for the human? Has it been
designed properly to positively affect the residents and visitors to the
building? In the case of the Burj Khalifa we believe that the answer is a
resounding yes.

As Kotkin wrote: "Humankind's greatest creation has always been its
cities. They represent the ultimate handiwork of our imagination as a
species, testifying to our ability to reshape that natural environment in
the most profound and lasting ways.” The Emaar Chairman has always
told us that we were not only building the world’s tallest building

in Downtown Dubai, but that we were trying to create the most
prestigious square kilometer of real estate in the world, with an array
of buildings and features, including Emaar Boulevard which forms the
spine of the development, to complement and enhance Burj Khalifa.
The number of visitors to the development has exceeded all of our
expectations and is testament to the vision formed some eight short
years ago.

A city must build a social space, a commercial space, a space for art
and sport and culture, a place within which people can work, rest

and play. Dubai is already well on the way to that end. BurjKhalifa

is one single element, the still center of a dynamically changing
habitat. It is growing because the strength of will and self-belief of its
creators demand that it does so. Every day Downtown Dubai is being
transformed. Burj Khalifa is simply the most obvious symbol of this
transformation. It is the physical manifestation of a vision, a vision for
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a new city for a relatively new nation. Along the highway the message
was spelt out on billboards, “History Rising".

The construction of Burj Khalifa has fascinated the construction
industry ever since the project started in Dubai in 2004. From the
outset the height of the tower was confidential, but the ambition
and goals of the client and designers remained very clear and open.
Their aim was to construct the tallest building in the world, one with
real iconic resonance, and they have been remarkably successful in
achieving this.

There are critics who point to Burj Khalifa as a symbol of excess

and say such monumental skyscrapers should not be built. We
cannot agree with these opinions and hope that some of the heroic
thoughts and rationale that have gone into the building, and the
innovations that have made it possible, are there for all to see in this
incredible, completed tower. Burj Khalifa has been a focal point of
the international tall building world for many years. It has attracted
worldwide attention towards Dubai and the tower is already a symbol
of the Emirates. Burj Khalifa makes a clear statement to the world that
Dubai has the technology, finance and determination to build the
tallest and one of the most sophisticated towers in the world.

Conclusion

While most of the world’s past tallest buildings were almost exclusively
office towers, Burj Khalifa changed the paradigm by creating an
integrated vertical city, combining residential, hotel and office space.
Creating the tower required collaboration and innovation by dozens of
experts working together toward common goals. The finished tower is
the result of several new advances in material technologies, structural
engineering, wind engineering, seismic engineering and computer
technology, as well as construction methods.

The success of Downtown Dubai changed the economics of megatall
buildings by illustrating how the value of surrounding land can be
increased by the presence of an iconic tower. Other international tall
building developers often cite the success of Downtown Dubai in the
financial analysis of their own projects.

Emaar provided design development services for Kingdom Tower,
the one-kilometer-tall tower under development in Saudi Arabia,
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Figure 10. Burj Khalifa against the skyline (Image: Tim Griffith)
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and worked closely with Adrian Smith + Gordon Gill Architecture
throughout the concept and the schematic design phase for the
building. There were many lessons from the construction of Burj
Khalifa, both from a technical and operational perspective. When
the time comes that Kingdom Tower, or another building, takes over
the mantle of being the world's tallest building, Emaar will be just as
gracious as Mr. Harace Lin of Taipei 101 in congratulating the new
owners of this title as we fully appreciate all of the hard work and
dedication of the owners, designers and contractors, without which
such achievements cannot be reached. We will also remind them, as
Mr. Lin reminded Emaar, that the completion of the construction of
such a building is a great milestone to achieve, but that much work

and dedication is then required to turn an iconic structure into a living

building which will delight residents and impress visitors (see Figure
10).
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