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Adrian Smith, FAIA, RIBA, has been a practicing
architect for 45 years. Adrian’s body of work includes
four of the world’s current 12 tallest buildings,
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.
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WE

AWXERT £ EHEENELTERANBTEE, K1999F 7T ki L& K AR,
—HERKERAHFE -SRI AT L THIEL, TR T ek E X
Wit Ak, BIW LT, X, & L&MW B ATFERA — KN ET 7%, MryRkit
BAENRE T HENI P £ NER N EAEN R EAETEELHRR, Bl
FET BT EAAR R ik, B8 R8T R B DLB D R P A B A
B g, XMRI 7%, Bt RO RGRREEENAE, H>REEERE

AT A 2R E, BRELT.

X BEE, 7ot £RAR, wAER, ETEX

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, I 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, FE. SMBA, BAHFEA.

Figure 2. Jin Mao Tower, Shanghai, China. Photo ©SOM. All rights reserved.
E2. &% AE, bk, FE. SOMBA, BAHE.
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Figure 3.7 S. Dearborn, Chicago, USA. Model photo ©SOM. All rights reserved.
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address on all my subsequent supertalls, although in very different
ways.

Jin Mao received a great deal of attention internationally when it
opened in 1999, and led to several new inquiries from clients looking
to build supertalls. There were several failed efforts to win design
competitions such as Central Station in Hong Kong and Kowloon
Tower. There were also false starts like 7 S. Dearborn in Chicago and the
Xiamen Post and Telecommunications Tower in China, both designed
but never built. | learned a great deal from these efforts, including
some of what could and could not be done in supertall building
design, structurally and otherwise. | also learned that the existing
knowledge base for supertall design was very limited. Each time a
supertall design was started and got to the point at which wind-tunnel
tests were conducted, the profession’s knowledge of the typology

was about 10% greater than before. One memorable leap was when
we tested 7 S. Dearborn both with and without the slotted steps | had
designed. We discovered a great advantage to the slotted structure
that could greatly reduce the negative effects of wind vortices on the
tower (see Figure 3).

Burj Khalifa

The opportunity to advance my experience in the supertall typology
in a built project arrived in the form of a visit from representatives of
Emaar Properties, a major developer in Dubai, which was interested in
holding a competition to design the tallest building in the world, to
be called Burj Dubai (see Figure 4). They had seen Jin Mao, which led
to our being invited to participate in the competition in early 2003. We
ultimately won with a scheme that was geometric in plan, starting with
three branches and three pods. Setbacks occur at each programmatic
element, decreasing the tower's mass as it rises toward the sky. At

the tower’s top, the central core emerges and is sculpted to form a
finishing spire. Views of the Gulf and city are maximized throughout
the building through the use of a Y-shaped floor plan inspired in part
by certain early designs by Mies van der Rohe, Chicago's Lake Point
Tower and my own design for Tower Palace Ill in Seoul, South Korea.

The setback pattern of Burj was both aesthetic and functional,
particularly in terms of its function in response to the problem of
wind vortices. By manipulating the architectural form of Burj, we
were able to "confuse the wind” substantially, making the tower much
more stable than any previous supertall building. We confirmed our
findings by a series of wind tunnel tests, adjusting the concept until

, MWIEE B4, W H#SH1/8E R (&Kl n Bl A8, T
, 6,5, 4,3,2, 1B), XEFHEEHENSE.
FHREIT 2 RABN G AN XA EZFTELTHFHELT
¥, BRERAABNER, 2R IRLEREEEGF K, WL
AT R, SAE19B50F RETAEHEEHIE & TE
H, WAFRBERBEAAZETARLLENGE —F., HEFEER
RN EEZAERENTS, INKLAELKANRITFHIEF
ER, £RELBEAFEBEAFQ,

EXHEN L, 2XEFRENFER SRS, ELEAMH
Wt E, BAAR. WIBAREAZTAWERF R, LA
Eff—mm s il TZ., XEmid sty mgs bRIK,
A AN TFEE R WE N\, TRk RRR, BAT
FNR, BT EANGER, AERAGE TH L ANEE.
(E2) ZMEALENRER, 28T NERAEEALKLEN
A, NMBANT BEEERAPEAH SR XTI NERE
H, INFAREETRNE BT ELF TR HR, DER
H MR T %,

& A B 19994 % R E BRI RRAKE, HERMNFRT —&
FRELEEGERANT 7. RINIESWT —LRITFEE, EER
i, wEFEBFRENMARE, FHALF—LTE T KT RIT
TR e i, W= s tDearborn® A #7175 40 JB |7 wF B 3@
BAE. BIXUFHRFINTRE AE, afds EERARIT
EEMFMETTE, AR, TATRHE, &bERILEEH
HHS T EEANAIRERARN. 485 Bt AT
36 BN DEAT ORI IR I, FRATA X R 2K A By & 40 % b 20 iR gt b DA T 28
K10%. 1017 F IR KL & £ & AT Dearborn B AH 75 HH R
IR e, HERZITTEREFAEREGNER, RNOLAFE
RGBS RN R IR B BT E, A RANT S
(JLE3 .

uh A % 35

%I R # 7= (Emaar Properties) RFHIFT, %7 REE K
By BHEEEEALANZTEBRANS, RE " EEF
WEEFAE, mIIBAHA—MEIT TR, HEREF a4, &
%o oh Fl % (Burj Dubai) (EH4) , #ATRIE&EAE, £
& KA FAVE2003F B2 T mEHRE, BORLRT BHE, &
IRRAARTE, EABRGEENH A2 =AAK,

Figure 4. Burj Khalifa, Dubai, United Arab Emirates. Photo © Adrian Smith + Gordon Gill
Architecture; photo by James Steinkamp.
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Figure 5. Burj Khalifa stack effect mitigation strategies. Diagram ©SOM. All rights
reserved.
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we got the stepping system to optimum performance and verifying
that the building shape responded properly to the maximum winds
expected on the site. We also took several steps to mitigate the stack
effect, which in Burj means that, due to the height of the building and
difference between the internal and external temperature, indoor air
tries to travel downward and flow out of the bottom of the building
(see Figure 5). To address this issue, we minimized the infiltration/
exfiltration of the exterior wall.

But the problem of wind forces was far from the only issue | was
confronting. As always, it was important to me for Burj to be culturally
contextual, which led me to search for elements within the existing
context and culture of the area to draw inspiration from. Within the
Middle East and in Dubai, there are strong influences of onion domes
and pointed arches, and patterns that are indigenous to the region,
some of which are flower-like with three elements, some with six,

and so on. You can see the flower image in the building in plan, or
from the air, looking down from a plane or from the observatory. The
reference to the Islamic dome structures can be seen when looking up
at the legs or branches of the tower and looking at the plan of each
section of the building’s three legs. The pointed dome form in plan
also became an ideal form for the development of bay-like windows
from individual units to provide a more panoramic view of the city and
the Gulf. Other influences include spiral imagery, and the philosophy
embedded in Middle Eastern iconographic architecture and motifs.
These forms helped inspire the overall composition of Burj, which is,
finally, a vertical object reduced and transformed by spiral reduction of
branch lengths until it reaches its central shaft, at which point the shaft
peels away to reveal a triptych configuration that erodes in a spiral
manner until a single spire remains (see Figure 6).

There were also proportional issues in the massing that had to

be resolved, particularly in relation to the building’s height. As |
mentioned, Emaar was interested in having Burj be the tallest building
in the world, but that standard could have been met with a building
much shorter than the one we ended up designing. But | envisioned
Burj as a very elegant, slender building, and to resolve the design in an
appropriately proportional way required a great deal of height--quite
a bit more than Emaar had originally expected. Fortunately, Emaar’s
chairman, Mohamed Alabbar, understood these issues, and gave me
the freedom to design a building that was as tall as it needed to be.
When the building opened in January of 2010 under its new name,
Burj Khalifa, its official height was announced at 828 meters.
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Figure 6. Burj Khalifa, Dubai, United Arab Emirates. Photo © Adrian Smith + Gordon Gill
Architecture; photo by Tim Griffith.
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Figure 7. Zifeng Tower at Nanjing Greenland Financial Center, Nanjing, China. Photo ©
Adrian Smith + Gordon Gill Architecture; photo by James Steinkamp.
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Zifeng Tower

At the same time | was designing Burj, | was also working on another
supertall: Zifeng Tower at Nanjing Greenland Financial Center (see
Figure 7), which opened in 2010 in Nanjing, China, and at 450 meters
is the world's seventh tallest completed building. Cultural context was
prominent in my thinking here, with Zifeng Tower’s form derived from
three elements of life in Nanjing: the Yangtze River flowing through
the city; the lush green landscape environment and garden city
atmosphere; and the dragon and column iconography so prevalent in
Chinese culture.

Zifeng Tower is shaped in a triangular form to relate to the shape and
size of the building's site and to take maximum advantage of the views
of the mountains, lake and historic buildings in Nanjing. The stepping
of the tower relates to the functions within the building and the desire
to shape the floor plates to achieve maximum efficiency. The tower’s
curved corners present a soft, continuous surface to the exterior. The
vertical and horizontal clear glass seams separating the differentially
textured glass surfaces of the tower are metaphorically analogous

to the clear water of the Yangtze River separating two interlocking
dragon forms. The exterior treatment changes direction from one
major component to the other in an effort to more clearly identify the
two dragon forms interlocked around the central core of the building.
The exterior wall of this tower has a distinctive directional feature. Each
pane of glass is angled at 7 degrees from the occupied space, and the
module alternates or staggers by 0.75 meters from floor to floor to
imbue the skin of the building with a scale-like quality that emphasizes
the similarity of the building's components to those of China's mythical
dragons.

Pearl River Tower

Late in my tenure at SOM, I worked with Gordon Gill on the design of
another supertall, the 71-story Pearl River Tower (see Figure 8), which
opened this year in Guangzhou, China. We designed this building to
be very close to net-zero-energy and carbon-neutral on an annualized
basis. We didn't get all the way to net zero, largely because the power
grid in Guangzhou was unequipped to receive donated energy from
individual buildings, but we're still very proud of Pearl River, which

Figure 8. Pearl River Tower, Guangzhou, China. Photo © Adrian Smith + Gordon Gill
Architecture.
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we believe to be the world's most sustainable supertall. We designed
an aerodynamic tower oriented and shaped specifically to harvest
wind power by directly facing the prevailing winds from the south
and funneling them into building-integrated turbines at accelerated
speeds. The tower’s shape also facilitates building-integrated
photovoltaics and improves structural performance, as the wind-
turbine apertures act as pressure release valves.

1 Dubai

In late 2006, Gordon, Robert Forest and I left SOM to form our own firm
in Chicago, Adrian Smith + Gordon Gill Architecture. In just over a year,
we won a major international competition to design three supertall
structures in the United Arab Emirates, including 1 Dubai (see Figure
9), a trio of supertall towers of staggered heights (each at least 600
meters) joined near the base. A city within a city, this giant mixed-

use project was envisioned as the centerpiece of Dubai's Jumeira
Gardens development, now on hold due to economic conditions
there. On its tripedal base, 1 Dubai rises over a canal that forms an oasis
in the center. From there, viewers would look up through the great
atrium-like space between the three towers. At night, we envision a
giant beam of light lancing up through the atrium, creating a virtual
fourth tower. On special occasions, the oasis would transform itself
into a unigue event and performance space, with a floating stage
surrounded by barges doubling as seating banks. High above, a series
of three-story skybridges connects the towers as they taper upward.
The skybridges offer great views, help stabilize the towers structurally
and facilitate interfloor circulation.

Kingdom Tower

That brings me to our latest supertall project, Kingdom Tower (see
Figure 10), which at more than 1,000 meters will be the new world’s
tallest building when completed in 2017 in Jeddah, Saudi Arabia.
Kingdom Tower will feature a Four Seasons hotel, serviced apartments,
Class A office space, luxury condominiums and the world’s highest
observatory. Work on the site began Jan. 1 of this year.

The symbolism of the project is obviously important. Our vision for
Kingdom Tower is one that represents the new spirit of Saudi Arabia. It

Figure 9. 1 Dubai, Dubai, United Arab Emirates. Rendering © Adrian Smith + Gordon Gill
Architecture.
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Figure 10. Kingdom Tower, Jeddah, Saudi Arabia. Rendering © Jeddah Economic Com-
pany/Adrian Smith + Gordon Gill Architecture.
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symbolizes the Kingdom as an important global business and cultural
leader. It represents new growth and high-performance technology
fused into one powerful iconic form. Like that of Burj, the design of
Kingdom Tower is both 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.

The three-petal footprint is ideal for residential units, and the tapering
wings produce an aerodynamic shape that helps reduce structural
loading due to wind vortex shedding. (Our wind-tunnel testing
indicates that Kingdom Tower's sloped shape will accomplish this
just as well as the stepped setback pattern of Burj, and perhaps even
better) The project also features 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 with remarkable
views of Jeddah and the Red Sea.

The great height of the tower necessitates one of the world’s most
sophisticated elevator systems. The complex will contain 59 elevators,
including 54 single-deck and five double-deck elevators, along with 12
escalators. Elevators serving the observatory will travel at a rate of 10
meters per second in both directions. Another unique feature of the
design is a sky terrace, roughly 30 meters (98 feet) in diameter, at level
157 (see Figure 11). This is an outdoor amenity space intended for use
by the penthouse floor. We originally designed it as a helicopter pad,
but further research made that function appear impractical. By that
time, however, wed fallen in love with it as an architectural element,
and so had the client. So it stays as part of the design, and no doubt
will prove to be one of the world’s most remarkable spaces in which to
attend a reception.

New and future designs

Beyond Kingdom Tower, Gordon and | continue to examine the
possibilities for what supertall buildings can be. In the process, we
draw on the lessons of our past work. For example, our design for
Wuhan Greenland Center (see Figure 12), now in the early stages of
construction in China, advances some of my ideas from 7 S. Dearborn,
particularly in its use of vents to improve structural performance. We
have also worked on a speculative design for a mile-high tower, which,
at least in the popular imagination, is the obvious next milestone in the
evolution of the typology.

The biggest single limiting factor in creating a mile-high building is
the elevator systems, which currently max out at about 575 meters

in a single shaft. To get to the top of a mile-high structure, you'd have
to transfer from one elevator to another at least three times, perhaps
more—which is inconvenient, obviously, and time-consuming. For that
reason, elevator system technology will have to advance considerably
from its current state before a mile-high building will be practical.

A second major limiting factor is the issue of area inside such a tall
structure. To support its weight, the base of a mile-high building would
probably have to be very large, creating a great deal of open space
inside. What do you do with all that space, inside which occupants
would be very far from windows and natural light? If it's an atrium,
that’s an extremely large atrium, and would that make economic
sense? I'm not sure.

Of course, that won't keep us from working on the problem.

Figure 11. Kingdom Tower, Jeddah, Saudi Arabia. Rendering © Jeddah Economic Com-
pany/Adrian Smith + Gordon Gill Architecture.
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Figure 12. Wuhan Greenland Center, Wuhan, China. Rendering © Adrian Smith + Gordon
Gill Architecture.
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