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Dennis Poon has more than 38 years of experience in the
structural engineering of a wide variety of building types,
such as supertall structures, mixed-use buildings, hotels,
airports, arenas and residential buildings worldwide. His
expertise is in the application of state-of-the-art engineering
technologies for building analysis, design and construction,
including project delivery strategies. Dennis also has extensive
experience in seismic design, structural investigations and
optimization of structural systems.

In addition to his responsibilities as vice chairman of Thornton
Tomasetti, Dennis leads projects throughout the world and is
in charge of offices in Beijing, Hong Kong, Shanghai and Ho
Chi Minh City.
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Larry Giannechini specializes in large-scale and supertall
structures in Asia and the Pacific, providing performance based
seismic analysis and parametric design as a New York based
structural engineer with Thornton Tomasetti. He received

his Masters and Bachelors of Engineering in Civil/Structural
Engineering at Stevens Institute of Technology. Select projects
include Ping An Finance Center in Shenzhen and Signature
Tower in Jakarta, as well as specialty installations and structural
remediation in high seismic zones.

As a former Trustee of Stevens Institute of Technology, he has
been actively involved in various organizations that have roots
in the AEC and real estate sector.
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Abstract | fHE

As the draw to urban centers increases drastically with financial growth and global influence,
emerging markets seek to develop salient markers of success and hope. This paper explores
the trend of defining an icon with a mixed-use development, and how designers cope with the
scale and magnitude of these high-profile projects, especially in regions breaking ground for
mega-size structures. Drawing comparison between the 300-meter development of New York’s
Hudson Yards, the 600-meter Ping An IFC in Shenzhen, and the 1,000-meter Jeddah Tower, a
relationship is found between the desire for an icon and the practicality of such construction in
nations of different cultural and economic background. What was once pushing the limits of
construction technology has become achievable for new cities establishing global recognition
while megacities still find stability and need for the tall, mixed-use development.

Keywords: Construction, Height, Mixed-Use, Planning, Structural Engineering, Vertical

Urbanism
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Urbanism in Context

For designers, urbanism is an end goal, which
culminates in an environment where the

lines between live, work, and play are blurred.
Working through the context of a single
structure, designers modestly construct cities
and set the urban habitat. As an individual,
the expectations of a city are much higher;

to attract occupants, consideration must be
paid to comfort, beauty, and less obvious
characteristics such as wind accelerations

and vibration mitigation. Structures are
expected to honor the local climate, taking
into consideration history, building practice,
and topography (Charter of the New Urbanism,
2001). Urbanism in the form of high-rises is
manifested in the functionality of condensing
a city into a vertical module. This is our concept
of vertical urbanism. As the high-rise evolves,
and trends establish themselves, we begin

to see the purest form of vertical urbanism

in mixed-use development. The combined
mixed-use habitat emerges as a prime vessel
for distilling the societal needs of living by
one’s work, easily reaching areas of relaxation,
and thriving in a safe environment. As a trend,
vertical urbanism is the development of these
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Figure 1. Shanghai Tower and Pudong skyline (Source: Shanghai Tower Construction and Development Company)
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tall and supertall high-rises, which serve their
occupants in forms unrealized decades before.

Defining an Icon

For an inhabitable structure, notoriety is often
achieved by chance; a material flaw may lead
the facade to grandstand, a developer scandal
could place the structure in headlines, or the
physical geometry could form a solar reflector.
Practically, the designer is in control of the
building’s reputation at its conception. While
architecture may be thought of as the sole
means to develop an icon, scale and height
also play a major role. The marriage of massing,
enduring imagery, and efficient programming
define an icon and ensure that society will

find a use for future generations. For the

three structures identified in this paper, their
status as icons is without question for reasons
beyond this project scope and magnitude. The
attraction for end-users of these structures is
undoubtedly swayed by the icons that they are
in the regions that they stand in. The national
symbols they become, such as Shanghai

Tower in Figure 1, serve to complete skylines
and support the cities where they stand. As
products of shared knowledge, societal wealth,
and human ingenuity, the shared space these
structures create play to the mixed-used nature
of new construction. This unity both inside and
out furthers the concept that urbanism grows
skyward when cities have reached horizon's
limits. As cities within cities, mixed-used towers
stand as icons across the globe.

New York Hudson Yards - Completing the
West Side

For the city of New York, untouched land is
hard to come by. Air rights and land rights
come at a price on top of the physical ground
to be built upon, in addition to the nuances of
protecting infrastructure and local structures
on the site. Hudson Yards falls in a grey area: it
is a site that is developed as a train yard, yet has
the ability to rise skyward between the rails. In
terms of programming and functionality, the
neighborhood in which Manhattan's Hudson
Yards is situated does not offer much to
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residents aside from infrastructural connection.
For a mixed-used development, this is ideal.
Offering commercial, residential, cultural, and
public open space, Hudson Yards stands as

an island above the train yards, at a grand
scale. The challenges of filling such a large

void in a congested city are immense, though
mountable with engineering knowledge

and planning.

Logistically, Hudson Yards is split into two,
staged developments: the western rail yard
to be developed with a residential focus and
the eastern rail yard under development with
a commercial directive. For the western yard,
proximity to the Hudson River allows for a
reprieve from the city while the eastern yard
rises to the height demands of a New York
commercial tower (Figure 2). These modules
attach to the infrastructure through a northern
connection to the local subway service and
as western and southern connections to an
elevated park, which ties together a large
swath of Manhattan. Cultural, retail, and
open space break up the massing and allow
residents and employees the functionality
they demand in a large city, condensed into
two blocks.

Structurally, designing a building to span

and reach terra firma among existing rail
tracks requires immense planning and
consideration. In the case of 30 Hudson

Yards, the steel commercial office tower
reaching nearly 1,300 feet, structural system
transferring must occur at the rail yard level.
Physically, the constraints of the site define
the massing that can rise from the footprint.
For the remainder of the site spanning directly
over the rail yard, a platform spans to carry
any low-load column modules. Higher loaded
columns are forced to walk, and the spanning
retail structures are hung from upper trusses to
distribute the load to terra firma between the
rails below. The conventionally framed laterally
is stabilized tower through a braced core with
three levels of double-height outriggers. As
New York is a wind governed region, and
based on occupancy comfort, dampers are
frequently utilized to reduce undesirable
building accelerations.

For a tower exceeding 1,250 feet and achieving
the supertall status, this mixed-use structure

is iconic in form and composition. Users have
the opportunity to work, live, and relax in a
footprint of a city block rising vertically over
four and a half blocks into the skyline. This
verticality is the new standard in the urban
context where planar space to grow becomes
scarcer and scarcer.

Figure 2. Hudson Yards rendering (Source: Thornton Tomasetti)
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Ping An International Finance Center -
Densifying the Urban Module

For a tower of 600 meters, the realm of
megatall is a small class with notoriety as

the new regional landmark. Ping An, at

over 460,000 m2 accounts for 0.02% of the
total urban land area of Shenzhen, rising
vertically in a footprint of 3,000 m2. In the
context of the local skyline, this magnitude

is unparalleled (Figure 3). Programming

such a vast area of floor space followed the
demands of the region. Ping An rises as a
vertical city for business drawing on mixed-
use urban habitats with combined retail,
restaurants, and observation usages. As a
structure that respects the environment in
which it is constructed, it seeks to achieve a
LEED certification of Gold for Core and Shell.
Occupants in an energy efficient, water smart,
and VOC limited structure are subjected to a
higher standard of living with such a significant
portion of one’s day in a green environment.
Major components of natural ventilation, such
as altitude air intake chilling, heat recovery
systems, high performance facade cladding, ice
storage generation, occupant lighting controls,
daylighting consideration, rain water collection,
and recycled cooling tower bleed off, play an
important role in the positive contribution of
the tower to the surrounding environment. For
China, creating an efficient and conscientious
structure holds a high importance as care is
taken, down to material selection, to minimize
the environmental impact on the region from
material extraction, manufacturing,

and transportation.

Conceptually, the stacking of urban,
commercial modules is the most direct
analogy to achieving a vertical form; Ping An
pulls this massing from the street level and
brings it skyward to define itself as a new

icon of the region. In the context of design
considerations for safety and longevity,
Shenzhen’s seismic activity plays a large role in
lateral system design, as does the wind loads
imparted to a structure of such magnitude. A
seismic fortification intensity of the seventh
degree with three design considerations

for building performance under frequent,
medium, and severe earthquakes is analyzed
through nonlinear time histories optimizing
the structural system for safety. Additionally,
floor plate geometry is optimized to reduce
the effects of dynamic wind loading effects,
such as vortex shedding, to reduce the design
loading, column and core sizing, and building
mass, which creates a smaller carbon footprint
for a tower of such scale. As with any tower

of this height and aspect ratio, a tuned mass
damper is utilized to reduce the structural
accelerations due to wind and achieve high
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Figure 3. Ping An International Finance Center nears completion (Source: Thornton Tomasetti )
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levels of occupant comfort even under
wind events.

Mixed-use towers of mega-sized proportions
rising in regions of growing economic
influence serve an important role in giving
back to the environment they are born in.
Financially, these projects become job engines
for the construction market transitioning to
the commercial tenants they house bringing
prosperity and growth to the city. As beacons
of progress and urbanism, symbolic structures
such as Ping An shape the vertical growth

of cities.

Jeddah Tower - Urbanism in a Desert

To contrast the driving mechanism of
development for a mixed-use project, the
Jeddah Tower will stand as the focal point

of the two square mile Jeddah Economic

City development, an entirely new district of
Jeddah. When completed the Jeddah Tower
will not only rise as the tallest building in the
world, but also the first structure over one
kilometer tall built by man. Considering the
context of the surrounding region, Figure 4
displays the impact of such a tower entering
the skyline. As an achievement both by
humanity and technology, the state of vertical
urbanism will be changed forever. Housing
hotel programming, serviced apartments and
condominiums, the tower will also contain
Class A offices, and the world's highest
observatory. The mixed-used achievement

of living and working in the same structure
and the abilities of this functionality stand as

a testament to the evolution of urbanism. A
city in its own right, Jeddah Tower and Jeddah
Economic City will provide a host of services to
society’s needs.

Jeddah Tower stands as a step in history
towards the continuing development of

tall structures in the world and pushing the
boundaries of the vertical urban environment.
As a typical bearing wall system, the tower
finds efficiency in floor planning with

pure reinforced concrete construction.

For residential towers, this bearing wall
construction is ideal as discrete areas are
defined among the residential plans. This base
structural system proves an effective means to
reach even higher and once again redefines
the limits for human habitability. The natural
layout of the core walls provides torsional
stability for the tower using the triangular form
with the assistance of corridor and additional
fin wall stabilizers. The benefits of having a
highly generalized mass coupled with the
pure tapered form lend to a simplicity that is
necessary for a building of such height.

Figure 4. Jeddah Tower rendering (Source: Jeddah Economic Company/Adrian Smith + Gordon Gill Architecture)
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While the seismic forces imparted by the
region are less significant than those in areas
of greater risk, the wind load imparted to

a structure reaching through atmospheric
layers is significant. The form has a unique
ability to resist the dynamic wind effects

that often govern acceleration phenomena
which reduces the need for additional design
considerations such as auxiliary damping. It

is this practical driven design that allows for
the limit to be pushed in developing frontiers
we have not yet considered. In the context

of urbanism, growing society’s reach and
redefining what it is to live on the cutting-edge
of humanity’s ability means living in spaces we
once never conceived and bringing what was
once concept to habitable form.

The Future of Urbanism

In the growing development of society’s
influence on the planet, and with 3.3 billion
people living today in urban space, we seek
new places and forms to live, work, and play
(Dociu & Dunarintu, 2012). Cities grow and
evolve — Figure 5 depicts the trend of urban
population growth — and the comparison can
be made of mega size mixed-use construction
meeting the growth demands in these
regions. Structures across the world, such as
the aforementioned Hudson Yards, Ping An
International Finance Center, and Jeddah
Tower, as well as Wuhan Greenland Center,
Taipei 101, Shanghai Tower, Petronas Tower,
and Signature Tower Jakarta have drastically
changed and are changing the regions in
which they stand. Rising as landmarks in
regions of expanding wealth and influence at
a global scale, these icons serve communities
by greatly improving the lives of those that
work and live within them. As society evolves,
these mega-scale projects develop into mixed
used constructs, serving the masses in greater
ways than previously imagined. In the context
of urbanism, the focus shifts from the city

as a whole to a skyward module, providing
innovations in vertical transportation, the
environmental foot print, and

occupancy comfort.

For cities of existing density, supertall mixed-
used towers pull occupants to new heights,
while attracting economic growth to the
region with a new icon. Once these mega size
mixed-use structures are completed, cities
experience periods of further growth, such as
how the completion of the Petronas Towers
in 1996 allowed for the continued urban
development for the region in Figure 6. These
towers rise in locations of high value and in
turn unify areas across the urban landscape,

Figure 5. Where cities are growing (Source: LSE Cities, 2013)
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Figure 6. Kuala Lumpur city density compared to distance for 1989, 2001, and 2014 (Source: Boori, Netzband,

Choudhary, Vozenilek, 2015)

6. 1989, 2001 K201 4EHMEFINTHEE SEHHROIESNELE (&R Boori, Netzband, Choudhary,

Vozenilek, 2015)
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as well as across national, international, and
global distances (Graham & Marvin, 2001). In
Figures 7 and 8 the density of cities coincides
with the most desirable locations for supertall
and mega sized mixed-use developments. For
developing cities these mega-projects solidify
economies with tangible icons of success; as
60 million people move annually into urban
environments, the demand grows in these
regions specifically (Dociu & Dunarintu, 2012).
The drastic development in Figure 9, which
occurred in a period as short as two and a
half decades for Shanghai, culminates in
these developments of national significance
at the center point in Figure 10. Conversely,
the evolution of a densely developed city in
Figure 11 provides for the changing needs of
inhabitants as New York rebuilds and citizens
search for solace and unity.

Figure 7. Ambient Density, New York (Source: LSE Cities,

2015)
B7. AAMEEE (R LSE Cities, 2015)

Figure 8. Ambient Density, Shanghai (Source: LSE Cities,
2015)
&8 EIMEZE (KR LSE Cities, 2015)

Figure 10. Urban footprint - Shanghai (Source: LSE

B10. EEimAESED (R LSE Cities, 2009)

Figure 9. Pudong skyline development (Source: Reuters/Stringer, Carlos Barria)

B9 ERRMEARAIENILE CRF: BE#EMIZE, Carlos Barria)

Figure 11. Lower Manhattan skyline development
(Source: Lars Plougmann, 1991 / CC BY-SA)

E11. SRR R RRIENE (R
JB: Lars Ploungmann, 1991/CC BY-SA)
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To allow for this rapid and evolving
development, construction challenges

facing mega size projects are elucidated by
developments in technology and material
science, solving problems of vertical
transportation, lateral motion, and load
transfer. In time spans of less than a decade,
the use of new building technology has been
fully implemented successfully, changing

the skylines across the globe. Advancements
such as tuned mass dampers, foundation
isolation structures, active damping systems,
and concrete chemical mixers forever change
the way structures are conceived. Physically,
the bonding and marriage of the project’s
interface to the region’s infrastructure will
prove the greatest hurdle: joining the urbanism
of the tower to quickly and efficiently convey
individuals to the structure’s heights. The
constructs of metro stations, sidewalks, and
roadways must be redefined at the bases

of such structures to facilitate the flow and
demand of new towers.

Communities grow and expand across the
globe while, simultaneously, the ability to share

Figure 12. Urbanization by selected countries (Source: LSE Cities, 2007)

B2 HEERNEHLHRZ (KR LSE Cities, 2007)

data exponentially changes the ways in which
the world is able to build at scale. The draw

to cities continually increase across the globe
in Figure 12, bolstering the needs for vertical
expansion when lateral growth is impossible.
Regions in which such salient markers of
progress and growth rise inspire a new hope in
the occupants they attract. Urbanism joins all
of us, as communities unify and the ability to

fulfill one’s occupations condense down into

a module that is the size of a city block, but is
as tall as the clouds. As a construct, the urban
environment unifies humanity and meets
needs required by all; by using a key tool of the
mega-sized, mixed use development, urbanism
is shaped vertically.
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