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Case Study: Wuhan Center — A Sustainable Design Exploration

for Skyscrapers
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Weiping Xu, National First-grade Registered Architect,
Chief Architect in ECADI. His honors include the

Global Young Chinese Architects Awardand the Asia
Architecture Promotion Award. Recent projects include
National Electric Power Dispatching Center, China Hua
Neng Group Headquarters, Beijing Hua Mao Center,
JW Marriott & the Ritz-Carlton, Shenzhen Bauhinia
Resort. Currently, he designed Wuhan Center at 438
meters high.
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Xiaogiong Ma, PhD, Senior Engineer. In 2008, she
finished her PhD thesis on ‘Building Comprehensive
Evaluation for Healthcare Facilities’ at Tongji University.
Dr. Ma has participated in several projects, such

as Honggiao Integrated Transport Hub, Expo-axis

of Shanghai World Expo 2010, the Bin Hai CBD (Yu
Jiapu), and Wuhan Center. Her work and research

are primarily concerned with issues relating to
sustainable skyscrapers, and the integration of building
physics and computational technologies within the
architecture and regional planning field.
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Abstract

Embodying the “sail” concept, Wuhan Centre will be mixed-use, with urban retail spaces at

the base, a unique mix of office, residential, and hotel with a visitor's observatory at the 88th
level, soaring 438 meters (1,427 feet) above Mengze Lake in Hunan Province. This paper
analyzes several sustainable design features of Wuhan Centre, such as tower facade, integrated
energy core and observation deck. It also explores architectural design optimization methods
according to several skyscrapers designed by ECADI, not only depending on the techniques
of sustainable building design technology, but also acceptable costs and considers the future

increment.

Keywords: skyscraper facade, integrated energy core, observation deck, large spaces,

sustainable design
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Concept and Layout

Soaring 438 meters above Mengze Lake,
Wuhan Center embodies the concept of
“sail,"just as an ancient Chinese poem said,
“Heading to the sea in full sail, braving

the wind and the waves,’so the elegant
building is named as “sailing vessel city”” As
the flagship of Yangzi River, this light, simple
and modern design style adds a bright new
star to the city’s skyline. The plan is a sleek
square, with two chamfers along the whole
building, creating two bright epidermises.
Folding glass curtain facade forms a digital
epidermal mechanism, which complement
the landscape of Mengze Lake. The cutting
part atop the tower will be the crowning
point meant to lead the entire CBD sailing
(see Figure1). The sailing vessel hauling upon
the wind with hope and power represents the
developer marching forward courageously

in the wave of economic development. The
project construction commenced in 2009,
and pile foundation work completed by
2012.The main tower structure is going to be
completed in 2013 with the building opening
for operation in 2015.

RABREZNHR

RAFQWEAEH, HEWA, L

#H, AEEZNFREZE. EHAELK
# L EM, B EAIRE KA T
AREEA—HKEENEY. BHTHE

AR HBEE, mMiaEEAE, JLE

MG AERRERPEANSLRMEN
FH, ERETREEL KD R E
#, SEAKKEEED, THWHILE
IRH BEEZE, BI4TEACBDIZ LA AT,

WLEL, ERMHE. TR WA AR
KA, BEAESZE M0 R K
UL ALAR, HEFLESHE, EEHFR
R RN EEEN . ERAEREHT
20134 T &k, AERE2015F ERK
NEEA

BHA B Em EEEME, Eww M
BEH, FHRTEELX D, RAMA
B ETERARBNNEALREL; E
BEE, Wt TRBMRA, k=g
BATRS ¥ #MEUKAEES, F
&5 BRI BN M, BEAAR AT
HREE#RHTEEANMRELESE, LA
2. WiItHEARHEHEEANETELRE
AN B R, THEARES S
HMxF, REEEEFRLEF L, B
HEMERETL. 26EF RN, 328

732



Figure 1. Renderings
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The relationship between the tower and urban infrastructure has been
considered. The Tower is located beside the main road in Wang Jiatun
commercial district, near Youth Road to the east, next to Mengze Lake
and Jianshe Avenue to the south, and convenient for traffic stream

and organizations streamline. It is twenty-one kilometers away from
the Tianhe International Airport, and less than two kilometers from
Hankou Railway Station. The podium is next to the underground
public transport hub, and the central public square is surrounded by
retail spaces. Green features form a landscape network including roof
garden and vertical greening. The scheme and design scale create a
harmonious coexistence of building and environment (see Figure 2).

A comfortable external environment is designed within the limited
site, which balances the relationship between building density and
functional space, achieving a moderate concentration and rational
development. As a typical landmark urban complex building, the
tower function is vertically divided into five parts. Wuhan Centre will be
mixed-use, with 5-story urban retail spaces at the base, a unique mix of
office, residential and hotel with an observatory at the 88th level. The
main part of Wuhan Center consists of an office area from the 6th level,
a 32-story residential section, and a grand hotel below the observation
deck. Its construction area is about 370,000 sg m (3,980,000 sq ft) and
the percentage of usable dwelling area is greater than 70% (see Figure
3).

High-rise towers can influence the environment around the local
region, including wind, light, acoustic and thermal environment. It is
heat and moisture in summer, and cold in winter along the middle-
lower Yangzi River, so a series of building physical problems exists,
such as block glare, too large wind speed, limited visibility, and heat
island effect. Ecological considerations also include the supply of
urban energy, emergency issues, high-density district, and surrounding
low-rise buildings. Those factors have been fully considered during the
design process.

Building Skin

Wuhan Center’s design uses a simple, elegant, monolithic mass,
created by lofting the square plan with curved corners vertically.
Two slotted sides run through the tower, helping to reduce the wind
pressure on the facade. The oblique roof atop the skyscraper makes
the tower more slender (Xu, 2011). The initial design concept was to
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Figure 2. Siteplan
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Figure 3. Function diagram
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Figure 4. Facade System
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develop a skyscraper depictive of “sail” as a sustainable paradigm, so
the fagcade is not only affects appearance and the lake landscape, but
also indoor environmental quality and building performance.

The tower facade is composed of three types of envelop: micro oblique
cascading style at the top, folding curtain wall unit in the middle,

and stone vertical texture on the base. The middle part fits 1600mm
horizontal modules of the skin, through staggered joint, cantilevering,
and other methods. The podium uses horizontally textured skin, which
maintains a visual balance with the tower. Fully glazed and sealed
curtain wall systems represented the initial design concept initially.

Solar radiation can affect indoor natural lighting and thermal
comfortable through the facade. Fully glazed and sealed curtain wall
systems let in more light but increase the solar heat gain. Indoor
comfort and natural lighting are influenced by building envelope

and different solar elevation angles depending on the season.
Skyscraper envelope occupies the major surface area of the tower, so
envelope properties will influence building heat gain and loss greatly.
If energy consumption can be cut by 10% compared to standard
model which was designed according to GB 50189-2005, then the
envelope contributes about 3%, during simulations. Facade materials
not only relate to building appearance, but also influence the indoor
environment with relation to solar gain and shade. The window to wall
ratio is around fifth-five percent in this project, which was determined
by the solar elevation angle and building heat gain, as well as by
envelope windowsill height.

Folding curtain wall units can be the sun-shading itself, avoiding
adverse effects of high-rise architectural forms to the indoor
environment. In the optimization process of facade shading
performance, several factors were considered, including shading
effects in different direction, unit modulus, and the relationship
between solar elevation angle and windowsill height (see Figure 4).
Compared with smooth curtain wall, folding curtain wall units reduce
the indoor heat gain and air conditioning energy consumption greatly
in summer, ensuring adequate natural lighting in the winter, as shown
in Figure 5 (Xu, 2011). The solar radiation accumulated on the facade
will be reduced about 50% by using folding curtains in summer,
especially on northwest facade (see Figure 6). It will be installed and
replaced easily, and form high-light changes on the surface in the sun.

T ]

Figure 5. Solar radiation compares (Source: Xu, 2011)
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Figure 6. Solar radiations accumulated on fagade in different directions
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The Multi-Functional Core

The core design of Wuhan center aimed at super-tall building
utilization and efficient space layout. As an extremely important

part of the skyscraper, it will be the main structural support, and
accommodate a variety of vertical transportation and mechanical
rooms. Through operating data investigations by several high-

rises designed by ECAD], it indicated that the challenge to

achieving sustainability is the energy consumption used for vertical
transportation, HVAC, lighting and equipment related to the core. The
tower core contains elevators, HVAC heat and cold sources, ducts and
water pipes, and electricity supply lines which covers about 30 percent
of the floor area. It becomes an important design element, which can
be affected by design intention and functions.

The lateral force resisting system uses pillar framework, outrigger truss
system, which form the cross aisle. It forms corridor public space or
combined area by inside and outside corridor easily in standard floor,
which can increase the second gain rate to 70%, see Figure 7. Vertical
transportation systems are arranged in different regions of the core,
which divide into several different groups separating hotel from others
and allowing people to arrive at the observation deck through a direct
shuttle elevator. Three elevators shuttle run from different refuge levels
to the ground floor.

As the tower height increases from bottom to the top, core area
reduces gradually, and indoor public space on hotel floors will have
nearly 300 square meters free. Considering the structure cost, space
utilization, air distribution and security risk problems, this part will be
designed to be an energy supply and maintenance circulation space
called the“Integrated energy core,'instead of atrium. This optimal
design concept used the remaining space of the core tube in upper
zone to arrange mechanical, electrical and auxiliary systems in a shuttle
elevator lobby, and the core periphery and corners. This layout was
conductive to equipment maintenance. In early operational period,
office and hotel occupancy rates should be around or less than fifty
percent, energy consumption per area up to 400 kWh per square
meter according to high-rise energy consumption data monitoring.
Based on the above factors, “Integrated energy core” had been created
during the overall core barrel design process. After several optimization
and selection studies, a previous section of mechanical and electrical
equipment in the podium moved to the high core excess space,
forming more than 10 floors of device core.

“Integrated energy core” comprises of water supply and drainage
processing rooms, four layers of hotel dedicated substation from the
76th level, six layers of HVAC plant room below the substation, and

a control room at the 65th level. This energy core serves the hotel
and the observation deck. It can save mechanical room space in the

Figure 7. Structure Diagram
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Figure 8. Observations deck
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podium, reduce transportation energy consumption greatly, and avoid
high energy consumption during early operation.

The building heating and cooling systems compose of centrifugal
chillers, gas steam boilers and a cold-beam system with energy
efficiency contained heat pump and water storage, which are divided
into two parts, podium and energy core. Fresh air deals with dual-
wheel heat recovery dehumidifier units. Water supply and drainage
processing room in “integrated energy core” have intermediate water
system to supply flushing water. The power distribution system uses
multiple-line mode and three-independent power in each group.

Observation Deck

At the height of nearly 400 meters, the “Central China’s first high”
observatory is the most distinctive part of the tower. Tourists can see
beautiful landscape in Yangzi River through the large observation
deck on the 88th level with 18 to 42 meters high ceilings, which can
accommodate 560 people in almost 4,000 square meters of building
area. The observation deck can be divided into three independent
units, including glass curtain wall system, double layered tourist area,
and deck core. The tourism area has two layers along the facade, and
tourists can see landscaping on the bridge platform from 5 meters
above 88th level (see Figure 8). The inner region in this floor withstands
the external steel frame conductive power and meet the vertical
transport function. Tourists can also enter into inner region of the core
to see outside, but it is separated into small rooms for private use.

The air distribution of the double layer observation area creates a
comfortable indoor environment through a multi-way airflow, such as
reusing exhaust as stratified air conditioning supply, three-way supply
air through the bridge’s internal space, and return air outlet located
near the core. Three diffident air distribution modes were arranged and
simulated, as shown in Figure 9 and Figure 10.

The first mode derived from the bridge, which has two diameters

of 700mm and 450mm spaces internally according to structural
engineers. Those spaces can be used to arrange ducts. The air
distribution mode is upper supply along the envelope through the
bridge’s internal space to the improve thermal comfort for people
on the bridge, upper supply along the envelope through 88th floor
elevated levels, and return air to bridge’s internal space though the
bridge’s inside edges. With this air distribution, supply air speed must
be increased and people may feel a draft from the bottom.

The second mode is to change upper supply along the envelope
through the 88th floor elevated levels to a downward supply outlet.
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Figure 9. Three diffident air distribution modes
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The space can get good thermal comfort, but the bridge internal space
is limited, supply air volume is too large to design the proper air duct,
so the second one isn't viable.

The third one is to reduce the total amount of supply air, and continue
to use the first mode, and add stratified air ventilation from the core.
Stratified air ventilation uses exhaust air from vents at the top of
observation area to add its supply air volume in winter, and share the
cool air with private rooms of core inner region in summer.

Now the optimization is in progress, it will be a better air distribution
method compared to the other two conditions. The result is shown
in Figure 10. The draft from the main entry to the observation deck is
also being considered. Retractable shades on the internal facade are
designed to maintain thermal comfort for tourists against the sun.

Taking into account the growth of high-rise buildings in Wuhan, there
will be more skyscrapers in the next decade. Wuhan center may lose
its height advantage, and the function of observation deck will be
changed. This space can be used as clubs and restaurants instead

of observation in the future, which maintains a sustainable use. The
design blueprint has been drawn within the whole progress, which
represents an design innovation from forward-looking perspective it is
expected to achieve.

Conclusion

The super-tall building is not only related to itself but also to urban
culture. Skyscrapers bring high density of land use, urban expansion,
and regional economic stimulation, but consume large amounts

of energy. The architectural design of Wuhan Center embodies the
sustainable concept, combines architectural modeling and facade
technology together, and uses efficient mature resources according
to urban scale. Folding curtain wall units, integrated energy core
with mechanical and electrical equipment, and a multi-functional
optical observation deck are the main sustainable design points. With
acceptable costs and technology, it will be our faith to design high
performance and sustainable high-rises by considering the future
increment.
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