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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.
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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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Another unique feature of the design is a sky terrace, roughly 30
meters in diameter, at Level 157 (see Figure 5). It is an outdoor amenity
space intended for use by the penthouse floor. It's worth noting that
this feature was originally designed as a helicopter pad. Later, research
by the design team determined that the unpredictable movement

of wind around the tower at that altitude made a helicopter pad
impractical. By that time, however, the design team and JEC - in
particular His Highness Prince Alwaleed— had become attached to the
feature as a design element. And so it was decided to keep it.

The History of the Project

The planning process for Kingdom Tower began about four years ago
at the instruction of Prince Alwaleed, who has long envisioned a great
tower to be built in Jeddah as a symbol of the Kingdom and its place of
eminence as a member of the international community.

To that end, Jeddah Economic Company was formed in 2009 as

the corporate entity charged with developing Kingdom Tower. The
initial partners of JEC were Kingdom Holding Company (KHC), whose
chairman is Prince Alwaleed, and prominent Jeddah businessmen
Samaual Bakhsh and Abdulrahman Hassan Sharbatly. In 2011, the
Saudi Binladin Group (SBG), Saudi Arabia’s oldest and most established
contractor, was selected as general contractor for the project, and
subsequently joined JEC as the fourth partner in the venture.

Beginning in 2009, JEC conducted a multi-stage competitive process
in which several international firms were invited to submit design
schemes for Kingdom Tower. Besides Adrian Smith + Gordon Gill
Architecture, the invited firms included Skidmore, Owings & Merrill,
Pickard Chilton, Kohn Pedersen Fox, Pelli Clarke Pelli and Foster +
Partners.

After the process of elimination and a lengthy deliberation that

lasted more than six months, the author was entrusted to give the
shareholders the final recommended design. All of the entries were
beautiful, innovative and impressive. But ultimately the scheme by
AS+GG was selected (see Figure 6), whose partners on the design team
included the structural engineer Thornton Tomasetti and MEP engineer
Environmental Systems Design (ESD).

Prince Alwaleed, Mr. Bakhsh, Mr. Sharbatly and the client team

were impressed by the recommended design of the AS+GG team,
which showed boldness and simplicity. Kingdom Tower’s height is
remarkable, obviously, but the building’s iconic status will not depend
solely on that aspect. Its form is brilliantly sculpted, making it one of
the most beautiful buildings in the world of any height.

Kingdom Tower is intended to become both an economic engine and
a proud symbol of the Kingdom'’s economic and cultural stature in

the world community. The tower will be a landmark structure that will
greatly increase the value of the hundreds of other properties around it
in Kingdom City and indeed throughout North Jeddah.

We are confident that, upon completion, Kingdom Tower will become
one of the world's great tourist destinations as well as one of the most
attractive places to live and work in the region. In the meantime, it will
create thousands of jobs, spurring the local economy.

In addition to these considerations, we at JEC were also guided by
the fact that Kingdom Tower will enjoy great cultural significance.
The tower is envisioned as an iconic new marker of Jeddah’s historic
importance as the traditional gateway to the holy city of Mecca. It's
worth noting that the southeast leg of the tripedal base of Kingdom
Tower design is on a direct line with the Ka'ba, Islam’s holiest site.

'.'i'|‘|'I|]||'|1'|.E1|k."'

Figure 4 : Kingdom Tower balconies. (Source: Jeddah Economic Company/AS+GG)
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L dl
Figure 5 : Kingdom Tower sky terrace. (Source: Jeddah Economic Company/AS+GG)
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Sustainability

Both the design team and JEC are committed to sustainability as a
goal. This is being pursued in a myriad of ways.

For example, 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, decreasing solar heat gain in those areas.

The tower will also feature energy-efficient MEP systems, including
condensate recovery, which captures and re-purposes moisture from
the atmosphere within the building.

The design team is also studying opportunities for other sustainability
features, including innovative ways of generating energy, taking
advantage of the building’s great height, its surfaces and the space
available in the spire. Water distribution within the tower is made more
efficient by the creation of two primary zones, increasing economy of
operations. Another strategy, affecting electrical and cooling systems,
is the division of the tower into about twenty 30-story districts stacked
on top of one another. This shortening of cable and ductwork runs for
the building systems allows both efficiency of construction and more
efficient distribution of electricity and cool air within each district — a
concept borrowed from urban infrastructure systems that is turned
vertical here.

Another context in which Kingdom Tower can be viewed as
sustainable is that of land use. At over 1,000 meters high, Kingdom
Tower will occupy a single footprint, which will have far less
environmental impact than, for example, 10 towers of 100 meters,
which would consume 10 times more land and require significantly
more traffic and utilities infrastructure. Consequently, for people living
in supertall buildings such as Kingdom Tower, the land footprint per
resident is quite low.

Figure 6 : Adrian Smith + Gordon Gill Architecture partners (from left) Robert Forest,
Gordon Gill and Adrian Smith. (Source: AS+GG)
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There are also economies of scale with a supertall tower. One has to
build a single roof and a single foundation, rather than the multiple
roofs and foundations that a group of buildings with the same
cumulative area would require.

The embodied carbon of Kingdom Tower will be reduced by various
means, including designing it so that less waste is produced during
construction, by specifying reinforcing steel with a high percentage
of recycled content, and by partially replacing aggregate with
supplementary materials such as blast-furnace slag and pulverized fly
ash.

In addition, because Jeddah is a major port city, building materials,
particularly those used during fit-out, can be shipped to the
construction site by sea rather than using more carbon-intensive road
transport. Opportunities for using pre-cast elements are also being
explored.

The form of Kingdom Tower is also highly sustainable in terms of its
reduction of wind forces against the building, which in turn will mean
that less material will be needed to build its structure. Each of Kingdom
Tower’s three asymmetrical wings travels upward with a slightly
different geometry and terminates at a different height from the other
two, all of which further reduces effective wind forces by preventing
vortices from organizing themselves around the building (see Figure 7).
When wind hits the building, the modulations of cross-sectional area

in the tapering form disrupt the resulting wind vortices and force them
to spin off at different frequencies. The result is a significant reduction
of movement in the tower due to wind forces, compared to a prismatic
tower form.

Solar heat gain through the exterior wall is obviously an issue,
which the design team is addressing by using a high-performance,
low-emissivity reflective glass that will reduce heat gain as much

as possible while at the same time providing the panoramic views
that building occupants want. Where the glass is not needed for
viewing, the design team is planning an insulated spandrel panel
that minimizes heat gain and will have essentially the same thermal
performance that a stone panel would.

Finally, Kingdom Tower will be sustainable from the perspective of its
life cycle. Elements such as gaskets, sealants and glass panels do wear
out or break, and have to be updated periodically. But with proper
maintenance, the structural longevity of Kingdom Tower should easily
be 100 years or more. It's worth noting that the Empire State Building,
still one of the tallest buildings in the world, is almost 80 years old and
as structurally sound as it was when completed in 1931. We expect
that Kingdom Tower will have a life span at least as long, and perhaps
significantly longer.

The Structure of Kingdom Tower

Designing the world’s tallest tower obviously requires tremendous
experience and expertise. In particular, the task requires a unique and
seamless integration of architectural design and structural engineering,
particularly in terms of the need to address the issue of wind forces on
the building, which can lead to lateral movement within the tower that
can be sensed by occupants.

Fortunately, AS+GG and Thornton Tomasetti have collaborated since
the very beginning of the design process (see Figure 8). As two of the
world’'s most experienced firms in the field of supertall building design,
they have anticipated and prepared for a great variety of contingencies
that may come into play with Kingdom Tower.

Figure 7 : Kingdom Tower wings resolving upward at three different heights. (Source:
Jeddah Economic Company/Adrian Smith + Gordon Gill Architecture)
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Figure 8. Kingdom Tower structural scheme. (Source: Jeddah Economic Company/
Thornton Tomasetti)
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For the design team, the key criterion is the perception of movement
by building occupants. An exhaustive program of wind tunnel testing
has been performed on the building, with models at different scales
and in multiple laboratories completed (see Figure 9). Based on this
testing, the tower is predicted to comfortably meet the stringent
International Standardization Organization (ISO) guidelines for
acceleration at the upper occupied floors.

Almost all of this very slender tower’s structural frame will be of
reinforced concrete, which gives the frame additional weight and
strength to resist overturning forces on the structure caused by wind.
For reasons related to aesthetics and constructability, about 30 meters
of the spire at the top of the building will probably be made of steel.
The exterior wall system will be an aluminum-framed, unitized system
with high-performance insulating glass.

Why would we use glass in a building like this in a desert climate? It's
true that most buildings in a desert environment are optimally built
with more solid materials because of their higher insulation values. In a
supertall building such as Kingdom Tower, however, weight is a major
structural issue. Using an opaque surface made of stone or precast
concrete, for example, would add a tremendous amount of weight

to the exterior of the building, which in a tower of more than one
kilometer would be a serious issue. The amount of structural material
required to support that additional weight would be significant.
Construction would also be more complicated and expensive because
of the weight of the stone or precast panels being hoisted to such
great heights. Maintaining such a stone or masonry exterior would also
be much more costly and difficult.

Perhaps most important, one of the main reasons for building such
a tall structure is for the spectacular views. For this reason, maximum
visibility through the exterior wall is key.

Additionally, the structure and systems of Kingdom Tower have been
designed to address the issue of the stack effect. To that end, the

Figure 9. : Kingdom Tower wind tunnel testing. (Source: Jeddah Economic Company/
Thornton Tomasetti)
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exterior wall will be largely sealed to prevent infiltration of air into the
building. Where there are openings in the wall for balconies, those
openings will be air-locked between the balcony and the corridor to
prevent the formation of pathways for air to travel vertically inside the
shafts between floors of the building. Nuisance alarms will alert users
whenever doors are left open. The stairs will be compartmented with
the use of baffles within the shaft to prevent air from moving up or
down. The building’s concrete structure also helps with stack-effect
mitigation because it's more monolithic and easily sealed than a
structure in which steel beams are connected to floor slabs.

The building has also been designed with earthquakes in mind. The
potential for seismic activity, primarily from the Red Sea fault, was
considered. However, seismic activity in Jeddah and most areas of
Saudi Arabia is relatively low. The Kingdom is on the Arabian Plate,
which is moving away from the African plate. The risk of earthquake

is roughly comparable to New York City rather than San Francisco.
Supertall buildings tend to perform well in seismic events due to their
flexibility. Wind is a much more important environmental factor in the
structural engineering design of Kingdom Tower.

The design team has also been asked about the potential structural
implications of the wide range of temperatures in Saudi Arabia. The
answer is: Not as much as one might think. During temperature
swings, the building simply expands a little up or down, which is not
a problem because it's not highly restrained vertically. It's true that

it's very hot in Saudi Arabia and other parts of the Middle East, but

the temperature differential there is actually less of an issue than in
Chicago, where the swings from the mean temperature — because it
gets very cold in the winter — are wider. The biggest issue with the high
temperatures in Saudi Arabia is the construction aspects of concreting
and curing of the material under these conditions.

Finally, we have closely studied the soil on the construction site in
preparation for building Kingdom Tower. The soil in Jeddah and
elsewhere in Saudi Arabia is composed mostly of fairly uniform strata
of coralline limestone and sandstones; there is no bedrock layer near
the surface. That will require a series of about 270 reinforced concrete
piles, ranging in length from 45 to 105 meters long, to be drilled

into the ground. This brings the load of the building into the ground
through friction along the sides of the piles. It's a complex process, in
part because of the issue of soil settlement, but the technology is well-
developed in the region.

We at JEC have every confidence that all of these challenges will
be met brilliantly by the design team and the contractor, and that
the end result will be one of the greatest artistic, architectural and
technological wonders of the world.

Construction Schedule

Work began on the construction site on January 1, 2012. On February
21, Prince Alwaleed announced that JEC had received the final license
to construct Kingdom Tower. The soil and pile testing programs were

completed by the end of April. Installation of the piles was scheduled

to begin in June, and the foundation of the building is expected to be
complete by next spring.

At this point, we are confident that with the help of the design team
and our contractor, Kingdom Tower will be ready to open as scheduled
in2017.
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