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Wai Ming “Thomas’Tsang joined Ping An Real Estate as the
CEO of Shenzhen Ping An Financial Centre Construction and
Development Limited Company in April of 2012. Before he
joined Ping An, he worked in Sun Hung Kai Properties - one
of the largest global real estate developers headquartered

in Hong Kong. He acted as Project Director of Sun Hung Kai
Properties, mainly in charge of Shanghai IFC and Suzhou ICC.
Tsang has over 25 years of building construction and design
management experience on many large-scale projects and
megatowers in Hong Kong and China.
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Abstract | fFE

This paper presents client requirements on both functional and aesthetic aspects for four
mega-scale gates on the Ping An Financial Centre (PAFC) north tower. The PAFC north tower

is a 600-meter-tall super high-rise building located in the Futian District CBD in Shenzhen,
Guangdong Province, PRC. In order to carry out maintenance on the 97th-plus-story of the tower,
there is one building maintenance unit (BMU) seating on BMU floor at +567.65m. This BMU is 12
meters (long) by four meters (wide) by five meters (high), with a total extension to 32.5 meters
and an extra extension of 20.5 meters. Proving way out for the BMU, four intelligent mega-

scale doors with a size of nine meters (wide) by 8.15 meters (high) weighted 30T each mounted
underneath the “diamond crown” of PAFC north tower. These four intelligent mega-scale doors
are designed with special functions, including special operation requirements, adverse weather

proofing, and good appearance.

Keywords: Building Maintainence, and Supertall
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Project Introduction

Ping An Insurance (Group) Company of China,
Ltd. (abbreviated as Ping An Group) is building
a substantial new tower for its headquarters
in Shenzhen. On in 6th Nov 2007, Ping An

subsidiary China Ping An Life Insurance Co,, Ltd.

acquired the lot acquired a lot in Futian District,
enclosed by Fuhua Road, Yitian Road, Fuhua
3rd Road and Zhongxin 2nd Road. The tower

is now complete, and is known as Shenzhen
Ping An Financial Center (PAFC) (Figure 1).

Figure 1. PAFC (Source: Ping An)
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PAFC North Tower Design Parameters

R IPRERPOICERZTTSE
Lot Area 18931.74m2 Site Area 18931.74m2
HERE AR 18931 .74 SHIER 1893174k
Plot Ratio 20.0
CFA 459187.0 m? AR
ik al 459187.0 XK
BRER R Adjusted Plot Ratio 20.39
TRARZE
Countable Area 386018.18 m? Road and Plaza Area 0
EIRER 386018.18 2K BRSZER
Non-Countable 73168.82 m? Parking Space No. 1100
Area | R EEIFR 73168.82 [Ex3iv
Base Area 10157.45 m? Basement Parking Space No. 1100
HEMR 10157.45 % NS4
Site Coverage 53.65% Ground Parking Space No. 0
EEER R
Public Area 2000 m? Bicycle Parking Space No. 1400
HEEER 2000 P BITFEF
Above Ground CFA | it ESZFHEFR 3772320 m?| 377232.0 K
Below Ground CFA | 3 NS EIFR 81955.0m?|81955.0 Pk
Podium Height Tower Height Tower Roof Height Total Floors
FasE ERSE BIsE BES
<52m 599m 555.6m 118
<52% 599k 5556

Figure 2. PAFC North Tower Design Parameters (Source: Wai Ming Thoman Tsang)

E2. RIF R P OILEIRITSE

The construction project was managed
by the Shenzhen Ping An Financial Centre
Construction and Development Co. Ltd.

PAFC has the following design parameters, as
tabulated in Figure 2.

Functional Usage

The main tower consists of 118 stories above
ground, 5 stories below ground, one 5-story
link bridge and one 4-story pedestrian subway
connecting PAFC north and south towers. The
tower is divided into eight zones.

The demarcation of all zones is listed below:
- Car parking - B5 to B1
+ Entrance lobby — L1
« Refuge floor - L10
« Zone1-L11tolL24
- Refuge floor/mechanical floor - L25
+ Mechanical floor - L26
- Zone2-127to0lL34
- Refuge floor/mechanical floor - L35
« Zone3-137tol48
- Refuge floor/mechanical floor - L49
+ Mechanical floor - L50
+ Sky lobby - 151 to L52
« Zone4—-1531to L64
- Refuge floor/mechanical floor- L65
- Zone 5-L167to L8O

(CRR: BER)

- Refuge floor/mechanical floor — L81
- Mechanical floor - L82
- Sky lobby — 183 to L84
« Zone 6 - L851to 96
- Refuge floor/mechanical floor - L97
- Zone7-1L99toL112
- Mechanical floor - L113
- Refuge floor/mechanical floor - L114
- Sight-seeing zone - L115to L117
- 2 BMU floors at the highest levels,
i.e. 567.65 meters and 584.5 meters,
respectively.
To enhance human comfort with respect to
building sway induced from lateral loads, e.g.
wind load, there are two hybrid mass dampers
(HMDs) on L113, separately mounted at the
southeast and northwest corners of the tower.

Each damper weighs about 600 metric tons
and provides 1% damping effect.

Structural Characteristics

The main structure rises up to 592.5 meters,
making this the highest structure under
construction in Shenzhen. Its structural form
is a hybrid outrigger-composite structure.
From basement to the top, vertical support is
provided by core walls and columns outside
the core walls.

The PAFC north tower has a structural DNA
of 7-8-9. Figure 3 means that it has 7 layers
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Figure 3. PAFC divided into sections (Source: Pin An)
B3 RYIFrERmAP OB (KR TX)

of outriggers, at floors 10~11(1st belt truss),
25~27(1st outrigger), 49~51(2nd outrigger),
65~67 (2nd belt truss), 81~83 (3rd outrigger),
97~99 (4th outrigger), 114~115 (3rd belt truss).
The Figure 4 refers to its 8 megacolumns.

The megacolumns are 6525 mm x 3200 mm

in section at the basement floor level, and
gradually reduce to 3118 mm x 1400 mm at
the top floor. The core wall is formed from 9
pieces of square sub-core.

Since the tower is very tall, its structural
vertical elements need to take a large
amount of loads from gravity, wind, and
earthquakes. Both core wall and columns
are designed as composite sections, i.e.
steel plate-formed sections embedded with
concrete. A concrete strength grade of C70
prevails from ground level to level 86, and
C60from L86 upwards

and C60 are adopted for columns and core-
wall, respectively. Other structural elements
are poured with grade C35 concrete, except

Figure 4. Structural rendering (Source: KPF)

4. SEPERMRE KR KPF)

for the pile caps, which are formed with
grade C40 concrete.

Each megacolumn is supported by one of @8m
caisson pile, with a design strength of 95,000
metric tons. The core wall is supported by a
total of 16 of @5.7m caisson piles, each with a
design strength of 48,000 metric tons.

The total amount of concrete in use is 285,000
m3, while the total amount of rebar in use is
63,000 metric tons, and the total amount of
structural steel is 96,000 metric tons.

The structural health of the building is
monitored by a famous university in Hong
Kong. Monitoring items include daily weather,
pile loads, stresses induced from temperature
changes, displacements induced from wind
loads and earthquake, and settlements of

the tower .
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Green Building Aspects

PAFC is designed to satisfy LEED Gold and
Chinese Green Building Bronze standards.
LEED covers design items as well as the
construction stage, in that credits are

given for reuse of construction materials.
Comparatively, Chinese Green Building Code
mainly concentrates on the design stage,
but it takes into account of a lot of local
factors. Therefore, PAFC is green in both the
international and local sense.

PAFC was designed with several special green
MEP aspects:

1.Double-deck lifts: There are more
than 80 lifts in PAFC, of which
23 are non-adjustable and 12 are
adjustable. During operation, lifts
can produce re-usable electricity.
Presently, the re-usable electricity is
retained for future development.

2.Sound and insulation: Through
experience acquired from
other projects, to reject designers
ascertained that the low-frequency
noise emitted from machines
can be annoying to people. In
order to eliminate such annoyances,
machine plant rooms above trading
floors were placed on a floating slab
layer to eliminate low-frequency
noise transmitted to trading
floors below.

3.Ventilation: The original design
of the ventilation ducts was
about 3 meters wide, however,
it was found that this would
affect the installation
supporting frames of the false
ceiling. Therefore, it was decided
to divide one large ventilation
duct into two small ventilation
ducts, so that the supporting frames
of the false ceiling could be
installed. In order to control both
ventilation ducts with the same
level performance, a variable-air-
volume (VAV) system is adopted.

4.Ice storage: This system supports
the overall sustainability of PAFC
by producing ice while the
electricity demand is low, and
de-icing while electricity demand is
at peak levels. Peak electricity is 25%
more expensive at peak times than
at low demand times. Ice storage
thus reduces the use of electricity
at high peak times, so that
electricity consumption

can be saved. Since the ice
storage system occupies areas

in the basement, this reduces

the number of parking spaces
provided. In accordance with LEED
design guides, it is recommended
to design the ice storage capacity
based on 20% of the total amount
of design chilling requirement,
hence the amount of ice storage

is to be designed as 34,000 RTH.
With this design parameter for the
ice storage, therefore, it is estimated
that the initial cost is to be 86.14
million RMB, while operational cost
would be 34.49 million RMB/year.
The reduced income from parking
is to be 0.85 million RMB/year, and
electricity cost savings about 4.21
million RMB/year. With reference
to these data, it is estimated that
the break-even of using the ice
storage is around 6.1 years.

5.Air quality monitoring: There is an
air-quality monitoring system
installed in the basement of the
tower, which is to collect air
samples from basement and
carry out air quality analysis,
providing information on
the quantity of CO (carbon
monoxide) in the basement, so
that the property management
company is capable of deciding
whether air purification is required.

Intelligent Mega-scale BMU Gates

It is said that “the clothes make the man.The
cladding of buildings can be thought of as
like clothes, but, like clothes, it also needs

to be cleaned. At PAFC, cleaning is required
quarterly. In the early days of skyscrapers,
building external facade cleaning was carried
out by acrobatic “spider-men”who climbed
up buildings to clean external facade panels
and vision glass, one-by-one. When high-rise
buildings become common, in order to safely
to carry out cleaning, building maintenance
units (BMUs) became common. Normally,
BMUs are hidden behind the building
enclosure when not in use.

The PAFC tower’s external facade mainly
consists of framed curtain walls having

about 17,500 pieces and covering an area of
210,000 m2. There were two basic schemes
proposed for PAFC's facade cleaning. One
scheme was to clean the external facade using
BMUs mounted only at the top floor. The other
scheme was to clean external fagade using
BMUs mounted on several BMU floors. After a
comparative study of cleaning cycles of a large
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amount of curtain walls, it was decided to
adopt the latter option (Figure 5).

PAFC has 13 BMUs, mounted on four BMU
floors. Specifically, four medium-sized BMUs
mounted at the 50th floor serve that floor and
all those below. Four medium BMUs mounted
at the 97th floor serve floors 51 to 96, while
one large BMU mounted on the 119th floor
serves floors 97 to 118. Lastly, four small BMUs
mounted on top of the big BMU clean the
diamond-shaped crown.

Of particular note are the access doors in the
large BMU, which are referred to as “intelligent
mega-scale gates,’as the doors that enclose the
BMU are larger than normal. The largest and
highest BMU was mounted at 567.65 meters'
height. Itis 12 meters long by 4 meters wide

by S5meters high, with an arm extension to

37 meters that can carry 700 kg of additional
loads. Accordingly, the access area is required
to be 9 meters wide x 8.15 meters high.

The outsize requirements and extreme
mounting height of the BMU could not be met
by an off-the-shelf solution, so the constructors
employed a specialist team to design and build
these gates. The specialist team will be referred
to as the “fabricator”from this point forward.

The design of the gates took into account
of the gravity load, the dynamic load during
operation, wind load, and stress caused from
temperature changes. The design value of a
characteristic wind load was given from the
project structural consultant; other design
loads were considered by the fabricator,
which also needed to take into account all
architectural aspects specified in drawings,
i.e. matching the tower profile and external
style, etc.

Computerization of the Gates

The gates are called “intelligent” because

the entire opening and closing process is
automated by way of a Central Processing Unit
(CPV).The only human operation is to press the
"START"and “CLOSE" buttons.

When the gate operates from “closed”to “‘open”
position, the controller determines whether
the BMU is stationed properly, and then
presses “START".

The first operation is called PLC Lock, in
which the system determines whether all
locks are stationed properly. Once this is
confirmed, the system starts four hoisting
machines simultaneously, which pull the gate

Figure 5. Illustration of the curtain wall system of PAFC (Source: KPF)
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perpendicularly. When the gate moves to its
upper parking space, the control panel receives
a signal from the four hoisting machines, at
which point two auxiliary pulling machines
move upward. When both hoisting machines
and auxiliary pulling machines move up to

the turning point, two pulling machines start
to pull the gate upward, and the gate folds.
Meanwhile, the auxiliary pulling machines
return back to its starting point. When the gate
folds to the turning point, then the control
panel sends a“stop” signal to engine; at the
same time it also sends an opening signal to
the gate. The BMU moves outside the building
only if the gate opens completely.

When the gate needs to close, the system
determines whether the BMU is completely
inside the tower. The gate is to be closed only
if the BMU is completely inside the tower. The
operator presses the “close”button to start
closing the gate. Firstly, the CPU controls the
pulling machines'reverse direction, the gate
slides down the lowest point along the track,
which then induces a signal to the control
panel to lower the four hoisting machines.
Once the gate is back to the starting point,
the control panel sends a signal to stop the
four hoisting machines in operation. When
the system receives a locking signal, then the
system will lock the gate, and the BMU rotates
to its parked position.

Fabrication

Both fabrication also testing and
commissioning were carried in a fabrication
yard in Jiangsu province by the fabricator.
The fabricator invited some experts to
witness the testing and commissioning
prior to dispatching the machines to the
construction site.

Due to the uniqueness of the gates,

the fabricator needed to tailor-make all
components. Many components are made
from Q345 steel. The gates weighed around
25 metric tons each after fabrication. Wastage
comprised about 26% of the raw material. The
fabrication processes are illustrated below.

Door hinge fabrication: Door hinges are made
from Q345 steel with a thickness of 50 mm.
Fabrication occurred after annealing. One third
of the raw material formed the product, two-
thirds was wastage.

Hoisting machine bases and pulley frame: The
hoisting machine bases and pulley frame were
formed, welded steel plates.

Upper shaft forgings

- Fixed frame and track

- Fixed frames were made from welding
a 300 x 300 x 20 mm square hollow
section with a 300 x 300 x 12 mm
square hollow section; all cutting was
by milling.

- Moveable frame

- Moveable frames were made from
welding a 300 x 300 x 12 mm square
hollow section and a 150 x 100 x 8
mm square hollow section; all cutting
was by milling.

Testing

The fabricator’s experts held this project in

high esteem; they insisted upon completing

all testing and commissioning prior to
transportation to site. During meeting, the
experts camr to fully understand the fabrication
process and examination process is to be
carried out.

All components are assembled in the
fabricator’s workshop

- Control Panel

- Experts examines products

Concluding Remarks

Although the sheer height of the PAFC project
is remarkable, this paper has highlighted
some of its most advanced technological and
environmental characteristics, including its
advanced MEP and BMU systems. The intent is
to portray the extent of special arrangements
that go into ensuring such a groundbreaking
building will last long into the future.
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