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Abstract | fHE

Ever since the development of Chinese urbanization, the supply of land for development in
many cities has reached its limits. Apart from simply restoring old buildings, there are generally

",

three ways to solve this issue, which could be put as: “to borrow from sky,” “to borrow from
underground” and to “enhance rural development.” Among these three analogies, “to borrow
from sky” seems obviously the most economical solution. However, the efficiency, safety and
comfort of high-rise construction is restricted by modern technology. To tackle this issue, Jiang
proposes the concept of the “grouped high-rise sky city,” which contains two strategies: “vertical
transportation and facilities constructed as municipal infrastructure” and “high-rise buildings
divided into groups of multi-story buildings.” The development of this concept requires the
collective efforts from the government, the real estate industry, and academic researchers, the
realization of which could help to bring about a more economical, efficient and green city.

Keywords: Centralized Utility System, Efficient Land Use in Urban Design, Fire Safety for
High Rise Buildings, Grouped Super High-Rises, New Building System, Sustanibility
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With the development of China’s reform and
opening up over the last 30 years, many of
the mega- and medium-sized cities have
reached their maximum growth in area and
population, which leads to the emergence of
numerous metropolises.

A while ago, a series of satellite photos was
provided to UN as part of the Chinese general
geographic report. They clearly revealed the
expanding of urbanized area around the
world, some of which most related to our
urbanization development are shown as
follows (Figure 1).

The built land use of Shanghai has hit its
ceiling. The Urban Planning Bureau issued a
document titled Procedures to Regenerate
Shanghai City on April 29, 2015, which
contains valuable information. Some of the
most appealing topics are: improving eco-
system, exchange space with height and area
awarding system.

Metropolises are now cramped with low-
efficiency high-rise buildings of 100-200m.
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Figure 1. City expansion diagram (Source: Jiang Architects & Engineers)
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Massive road network construction does

not seem to relieve heavy traffic, but causes
further loss of green area and keeps pushing
the city to its limit. The construction of urban
land in China is spreading like a storm. The
current urbanization rate is just 45%. A large
amount of rural population is migrating

to megacities and cities on the coast. This
development of high density is probably not
what is expected, but is the reality. Where is
the solution to all these problems

(Figures 2 & 3)?

Figure 2. Current skyline of Lujiazui in Shanghai (Source: Jiang Architects & Engineers)
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|. Three Ways to Increase Land for Urban
Development

There are generally three ways to solve

the issues of limited land use, apart from
restoration and renovations of old buildings:
i.e, horizontal expansion to rural areas,
“borrowing land from sky,"and “borrowing
space from underground”

Exploring rural areas means that agricultural
land use will suffer. Our General Party Secretary,
Xi Jinping, announced on May 26, 2015 that we
shall protect lands like protecting pandas.
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Figure 3. A forest of buildings (Source: Jiang Architects & Engineers)
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Plus, the construction of infrastructure, most
importantly that of road networks, could not
keep up with the pace of urban expansion.
The extension of metro lines and highways
only result in more severe traffic congestion
during rush hours, which sometimes could
last for hours.

Why have there been rare successful cases

in building satellite cities around the world?
The inhabiting pattern of most business is not
determined by a few individual ‘designers.” As
an old saying goes, what matters is Location!
Location! Location! City centers still maintain
their irresistible attraction, providing numerous
cultural events, convenient service facilities
and historical legacy, all of which could not be
immediately achieved in new towns.

Borrowing space from underground has
been gradually accepted by the public. Some
super high-rise buildings even have up to 5
basement levels and the commercial value
of which could be equally compared to the
above ground. Nevertheless, concerns still
exist about this strategy:

- Cost: the cost of underground
construction is well known to be most
expensive. The comprehensive cost of
metro construction is about 0.5-1 billion
RMB/km.

- Safety: especially on issues of water, fire
and toxic protection and protection
against terrorism. If accidents happened,
the consequences are almost
unacceptable.

- Comfortablity: mechanically induced
daylight and ventilation is obviously
not as natural and desirable as being
directly exposed to sunshine and fresh
air on the ground.

By comparison, “borrowing from sky” is
probably the most sustainable solution in all
aspects, such as economy, eco-system and
comfortability; therefore, the emergence

of high-rises is inevitable. However, as the
construction of high-rise buildings spreads,
cities are turned into concrete forests, and
have begun to repel human beings because
of their shortcomings, i.e,, low efficiency,
large energy consumption, difficulty in fire
protection, and distant and desolated human
relationship. Architects and government
officials are aware of these disadvantages and
have started to make design improvements,
such as refuge levels, green platforms and
connecting corridors between buildings.
However, a total solution has not yet been
proposed to improve the negative effects

caused by massive numbers of independent
high-rise buildings.

The concept of “grouped high-rise”arises at
this moment. The so called “Sky city” contains
groups of high-rise buildings connected by
multiple platforms (Figure 4).

Il. Dream and Pursuit of Many Architects
and Entrepreneurs

The concept of “sky city”has been inspiring
many architects and entrepreneurs in their
career paths, among which Arata Isozaki was
one of the first few pioneers. In the 1960s, he
suggested to construct a “sky network”on
existing street blocks, mimicking the form of
a forest, in which the “tree trunks” were roads
connecting lands, tree branches provided
horizontal connections and leaves were
considered as residential units.

Mr. Feng Lun of Wan Tong Group proposed
the concept of “3D city”in Copenhagen

in 2009 and has carried out several
schematic designs in Chengdu and Xi'an.
His strategy involves several key factors:
vertical development, systematic density
for structuring of land, unified area of living
and manufacturing, intensive exploitation
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Figure 4. Birds-eye view of the “Sky City” (Source: Jiang Architects & Engineers)
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of resources, green transportation, and
intelligent management.

Mr. Zhangyue of Broad Group, announced to
build the world’s tallest building, at 838m, in
Changsha, which is a non-vehicular sky city
with a population over 200,000.

However, Arata Isozaki's idea was perceived
as merely science fiction. The project at
Changsha has been suspended, as were the
ones in Chengdu and Xi'an. Most “sky city”
projects appeared to be a flash in the pan.
This concept is stuck in a Utopian fantasy
and has even become a negative and widely
criticized term.

Under these circumstances, why do we still
bring up this topic? We consider that the
current urbanization development of China
is not on a sustainable path. As architects and
engineers, we shall do something about it.
Although the concept at this stage is far from
mature, we hope it could be the stone that
raises a thousand ripples.

lll. “Three Bottlenecks” of High-Rise
Building
Arata Isozaki's “sky city”was born in the

1960s; the construction technologies and

the life styles are nothing like of the present.
In addition, his model seemed to have
abandoned almost every modern code in
existence. Mr. Feng Lun is mainly focusing on
fundraising and what goes in the buildings.
Although he mentioned grouped high-rise
construction, the method is nothing different
from our common practice; hence it cannot
escape from those inherited disadvantages.
Mr. Zhang Yue is concentrating on rapid
construction and prefabrication. Though his
tower is in an extensive scale, it still falls in a
traditional system.

However, this paper is trying to present

a completely innovative exploration and
seeks a breakthrough on building systems
by addressing the following three issues
which are staggering modern high-rise
construction:

- Low efficiency, large energy
consumption. High-rise buildings
usually adopt the system of core and
external columns, of which core takes
up 25-30% of usable area. Plus, elevator
operation is unevenly distributed.
People queue during rush hour and
lunchtime, while the rest of the time
elevators are mostly empty.

- Difficulty in fire protection and
evacuation. The tragedy that occurred
on November 15, 2010 in Shanghai with
a residential Building on Jiaozhou Road
was a bloody illustration of what fire can
do to a high-rise building. The fire spread
rapidly upwards and became too high
for hoses to reach. Residents were unable
to escape downwards and helicopters
could not land on roof for rescue.

- Distance from the ground and low
comfortability; enclosed space; and
isolated relationships between humans,
and humans and nature impact high-
rise livability.

IV. Three Core Technologies:

To tackle the above issues, we developed this
"Sky City - Grouped High-Rise” concept. In
plane words, it is to bundle several super high-
rise towers together to form an integrated
super high-rise cluster which has one million
or even more square meters of built area and
offers space for more than 100,000 people,
functioning just like a small town.

This concept differentiates itself from the
predecessors by the three core strategies:

« Dividing the High-rise buildings into
multi-story buildings

+ Forming a central core that could be
constructed as municipal infrastructure

+ Applying a mega-framed structure
system

Dividing the high-rise buildings into multi-
story buildings

At every 15-20 floors, thick platforms are to be
constructed to connect the high-rise towers
(the interval refers to the current national
codes for refuge floors). Each platform is large
and strong enough to be considered as the
ultimate safety for evacuation. Appropriate
firefighting facilities shall be installed on the
platform, such as movable water guns and
water drenchers. Hopefully the section of the
super high-rise tower that sits in between
the 2 platforms could be considered as
multi-story buildings in the future in terms

of fire safety code. In case of a fire, residents
shall simply be evacuated to the platform as
if reaching a safe zone.

A 3-4 meter wide ledge is designed to be
installed along the surface of the high-rise
tower at the location where the platforms are.
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Figure 5.“Sky City” garden platform (Source: Jiang Architects & Engineers)
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Figure 6."Sky City” ground view (Source: Jiang Architects & Engineers) Figure 7. Park view of the “Sky City” (Source: Jiang Architects & Engineers)
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Figure 8."Sky City” section diagram (Source: Jiang
Architects & Engineers)
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and save significant travel time, which helps
to relieve traffic on the ground. The surface of
the platform is a pedestrian zone, a safe and
peaceful sky garden. People can also move
around by golf carts (Figures 6 & 7).

A creative expression of this idea could be
illustrated as a vertically erected Nanjing Road,
Beijing Road, Fuzhou Road and Yan'an Road,
horizontally extending Henan Road, Xizang
Road, Chengdu Road, Jiangning Road and
Wanhangdu Road as platforms of gardens.
Small lanes are scattered among the gardens.

Forming a central core that could be
constructed as municipal infrastructure
This strategy aims to improve the usable floor
area of buildings and efficiency of the vertical
transportation.

In normal high-rises, cores are usually
comprised of elevators, staircases and pipe
ducts. Experience told us that a taller building
requires larger core area. Since we've cut the
super high-rises into multi-story buildings by
our first strategy, we could then extract large
amounts of equipment from the previous
cores and bundle them at the center of each
platform to build an integrated spine with
high-speed high-capacity elevators and utility
mains, which will significantly reduce the core
area and improve the floor efficiency.

Figure 9.”Sky City” plan diagram (Source: Jiang Architects
& Engineers)
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One of the key ideas of this strategy is that

the construction of this spine should be paid
by the government, who is paying for the
municipal roads and utility mains anyway
while developing low-rise communities.

In the spine, elevators shall be designed as
public buses which stop at each platform.
Within each high-rise surrounding the platform,
small elevators and stairs are considered as
mini buses and provide micro-systems vertical
circulation. If the whole project is constructed
on top of a metro station, one could directly
access the sky city by transferring to vertical
transportation (Figures 8 & 9).

Applying Mega Framed structure

Most people believe that the bottleneck of
high-rise construction exists in structural
engineering. | do recognize structure

being an important factor in high-rise
construction. It undertakes massive loading,
wind and earthquake loads, which are
critical to building safety. However, with the
development of materials and structural
technologies, it is not a restraining factor to
the high-rise construction as it used to be. The
tallest building which has been completed
is the Burj Khalifa in Dubai, which reaches
828m. JAE has also proposed the design for
the Shanghai Centre tower which is 750m
tall along with a solar energy tower of 1000m
tall. With good site conditions (such as rocks
or a thick sand layer), reasonable building
height to width ratio (i.e, 6:1), and advanced
technologies and rational selection of structural
shape and material, it is possible to bring the
building height over a thousand meters.

For this “sky city,"we want to apply a
fundamentally different structural system from
normal high-rises. We call it the Mega Frame
system (Figures 10 & 11). In this system, the
towers no longer work for themselves; they
become members of the mega frame. They
work together with the connecting platforms
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Figure 10.“Sky City” function allocation (Source: Jiang
Architects & Engineers)
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Figure 11."Sky City” composition diagram (Source: Jiang
Architects & Engineers)
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Area (m2) Construction cost with Construction cost with
ER (%) current design (yuan) sky city design (yuan)
g () F=EmEM (oT)
High-rise residential/apartments 145,000 5,000 8,000
BEAE /1B
High-rise hotel | &/ F/&E 60,500 9,000 12,500
Super high-rise office | #22 E/1/ 116,600 10,000 11,500
High-rise office | &/ 114,000 7,000 11,500
Retail podium | E\ 4B 56,000 4,500 11,500
Basement retail | # NI/ 170,000 6,000 6,000
Basement car park | # R & 247,000 3,000 3,500
Total CFA | S EEISHEIFA 1,164,500
Total Construction Cost | 21EH) 4.646 billion | 46.46 1Z, 7.100 billion | 71.00 17,
Site Area | Z21&Ft 266 acre x 20million/acre = 90 acre x 20 million/acre =
5.32 billion 1.8 billion
2668 x 2000/37C / & 90 B x 200077C/ @&
= 53212 =18 12
Total Investment | 23R % 9.97 billion | 99.7 12, 8.90 billion | 89.00 17,

Figure 12. caption (Source: Jiang Architects & Engineers)

E12. caption (BR: ESIRAEFIZITERAS)

as a whole system. Plus with a mega trusses
and damper system, the system is much more
stable and ductile in terms of resisting wind
and earthquake loads.

V. Financial Solution of the Sky City

There is a massive mixed-use development
undergoing development in Shanghai. Its
site consists of 4 street blocks and has a total
site area of 266 Chinese acres. The total CFA
of the development is around 1.16 million
square meters; it has office towers, residential
towers, apartments, hotels, shopping streets,
underground retails, and carparks, etc. We did a
trial redesign using this project as a subject of
study. We tried to fit everything into a“sky city”
which occupies only 1/3 of its original site.

Based on the trial design, we did a cost
comparison between the two as follows
(Figure 12):

The above investment does not include
financial cost and a lot of other costs. It does
not take into account the land compensation
fee that the government might ask the
developer to pay. It does not include the
cost of the central spine which might be
compensated by the government.

Nevertheless, thanks to the much smaller land
acquisition cost, it seems clear that the sky

city is not more expensive than the normal
development as we would have thought so. By
doing a development in this way, a lot of land
can be saved for public green space. Since the
platforms are elevated from the ground, it gives
back 80% of its site area back to the city. The
social benefit so achieved is priceless.

Another important message we got from this
study is that the more expensive the site is, a
better fit for this type of sky city development.
By the calculation, we found out that once the
land value goes under 14 million RMB/acre, A
sky city would become more expensive than
the normal development. Hence, city centers
of a metropolitan city are the ideal locations
for the sky city development.

VI. Further Research on “Sky City - Grouped
High-Rises”

This sky city proposal is at its infant stage.

It requires collaboration of a lot of different
parties: the government, planners, designers,
engineers and even scientists. It raises many
challenges and provided many opportunities
for innovation at the same time. The following
is a list of subjects that we think might be
relative to this topic:

« Psychology — human beings'adaption
towards height;

- Sociology — building management,
realization of a harmonious community;

+ Urban planning - land bearing capacity
and rational layout of infrastructure

« Architecture — optimization on daylights
and ventilation; superposition of different
building plans;

- Structure — ductility of mega structure;
application of high-strength and high-
efficiency structure; wind resisting,
seismic resisting and protective
measures of blast impact;
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+ Mechanical - sectional water and power
supply; high speed elevator;

« Landscape — garden and agricultural
plants under various temperatures and
air qualities

- Transportation — connection
with ground and metro station;
interconnection between above and
below; emergency measures;

- Materials — application of high
performance, light and high efficient

materials;

- Fire protection - cantilevered platform;
fire durability;

- Sustainability — utilization of solar and
wind energy; rainwater collection

« Internet Plus — application and
development of IT industry in buildings

- Economics — additional unit

construction cost; analysis on Figure 13. City view of the “Sky City” (Source: Jiang Architects & Engineers)
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