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Abstract

The extraordinary megatall tower adopts extraordinary shape-optimization techniques and
requires unprecedented levels of coordination to achieve its unique form.

Keywords: Megatall Building, Unique Form, Keynotes
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Introduction

The Ping An Group has been undergoing
rapid growth and development. It now has
more than 200,000 staff, and office space is in
significant demand. In an effort to consolidate
functions in a single headquarters building,
Ping An began construction of the Shenzhen
Ping An Financial Center (PAFC) in 2009, which
is targeted for completion in 2016. (Figure 1)

The project is being built in the Futian District of
Shenzhen, a coastal city near Hong Kong that
has expanded in population from 300,000 to
more than 13 million in the past 35 years since
it was declared a special economic zone by the
government.

The tower comprises118 levels with GFA of
460,665 square meters, accommodating a
daytime population of more than 20,000 users.
Despite its size, it will also have significant
sustainability credentials. With an extremely
dense program and well-chosen materials

and mechanical engineering strategies, PAFC
will achieve an 18% to 25% savings beyond
ASHRAE standards, and a 46% annual savings in
energy costs over a conventionally constructed
commercial office building of the same scale.

The confluence of these factors is by no
means incidental. Only through highly
coordinated design and communication
efforts, the, PAFC project could be realized.
This paper highlights some of the past
experiences.

High-Performance Objectives

FFrom the start, the owners were determined
to have a high-performance, sustainable
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building that epitomized their corporate values. The focus centered
around three main areas:

1. an effective vertical transportation system
2. an energy-efficient facade, and
3. high indoor air quality (IAQ).

The general principles governing the definition of “high performance”
were modeled after the United States Department of Energy’s High
Performance and Sustainable Buildings (HPSB) guidelines. The primary
characteristics of HPSBs are:

+ Quantifiable. Every aspect of environmental performance
is monitored throughout the building life-cycle. This ranges
from computational modeling during the concept and design
stages, the specifications and implementation during the
construction stages, and the measurement and verification
during the operation stage.

- Integral. No single discipline alone can provide the exemplary
performance in all aspects of environmental performance.
Hence the design of High Performance Buildings is an
integrated design process, where the performance goals are
agreed upon, with all teams aware of their responsibilities
during each stage of the building life-cycle.

« Visual. To achieve the cross-team exemplary performance
described above, it is necessary to develop effective means of
communication to achieve the environmental performance.
This is achieved through Building Environmental Modeling,
which analyses the various aspects and presents it on a Three-
Dimension visual platform from computer modeling tools.

Through implementing these principles, PAFC aims to achieve the
US Green Building Certification System — Leadership in Energy and
Environment Design (LEED) Gold rating.

Site Planning and Architectural Design

The broad vision for PAFC as expressed by the architects was that the
building would be visually striking reconciliation of the demands for
a high design occupancy requirement of 11 meters per person and a
floor-to-site area ratio exceeding 20. PAFC’s entire full-time office-
employee population of 20,000 employees is stacked on a 72-meter
by 72-meter footprint constrained by the tower’s irregular piano-
shaped site. At this density, the entire global workforce, estimated

at 3 billion workers, could be housed in a land area less than 1,000
square kilometers — the size of Shenzhen itself.

The shape of the tower is thus like that of a taught steel cable, pulled
by the sky and ground at once, emphasized by the eight composite
super-columns that pass beyond the building envelope. Its benefits
are more than aesthetic — they are also practical. The streamlining of
the tower shape brings measurable benefits in improving structural
and wind performance. In all, PAFC achieves a 32% reduction in
overturning moment and 35% reduction in wind load compared

to China code, due to the shape of the tower. To support a target
12.5-meter leasing depth throughout, the core is packed extremely
densely and efficiently into the center of the building, by way of double-
decker elevators with destination-dispatch controls, with upper local
elevators stacked in the same shaft above mid- and low-zone elevators.

Figure 1. Shenzhen Ping An Finance Center rendering (source: Ping An)
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The site of the tower is also important. PAFC is a “transit-integrated tall
building”that will occupy a major node in the increasingly connected
mega-city of Hong Kong / Shenzhen / Guangzhou: home to 120
million people and one-third of China’s trade value. By 2017, Hong
Kong and Shenzhen will only be 15 minutes from each other by train,
and in Shenzhen, PAFC is strategically located at the terminus of

the under-construction XRL line to Hong Kong, as well as Shenzhen
Metro lines 1 and 3.

In essence, the main architectural design moves behind the PAFC are
the following:

- Widened Base, to increase structural stance

- Tapered Profile, to reduce seismic and wind forces acting on
the structure

- Shaped Corners, to improve aerodynamic performance

- Mega-structural System, as a means of economic structural
resiliency

- Multi-stage Vertical Transport, to minimize the size of the
services core

+ Modular Design of the structure and facade systems

- Mass Transit Connectivity, to network with other urban
clusters

Structural Design

The PAFC needs a structural design that would be optimized for
typhoon wind speeds of 60 m/s or more, while providing maximum
floor space to a tight program. The main structure thus consists

of a mega frame - core wall - outrigger truss system, with four
outrigger trusses and three belt trusses connecting the two tubes,
complemented by exterior diagonals. Embedded steel plates reinforce
walls from the foundation up to level 12, reducing the necessary
thickness and enhancing ductility. Two 500-ton tuned mass dampers
(TMDs) at the 113th floor maintain stability from above. (Figure 2)

The PAFC has a unique structural health monitoring (SHM) system,
consisting of 428 sensors delivering full lifecycle monitoring from
construction through service, via LAN and 3G wireless connections.
Factors under measurement include climate, seismic and wind load,
horizontal displacement of the top of the tower, deformation and
settlement etc.

Cladding

Once the main structural issues have been overcome, the cladding
system has to be determined. The choice of cladding system would

be influenced by its performance under wind load, temperature
changes and building movements, as well as weather-tightness against
sunlight, water and thermal conductivity. The PAFC primarily adopts

a unitized curtain wall system, whereby some part of the columns are
complemented by stone walls from ground to 123.8 meters'height,
and some part of the columns from the first floor up to the top are
covered by 1,700 tons of 1.5 mm-thick stainless steel. The selection

of the“linen” pattern of stainless steel is partially due to its ability to
limit undesirable reflections and light pollution, and the fact that it can
easily be cleaned by rain. The panels consist of 85% recycled materials
which are 100% recyclable. (Figure 3)
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Figure 2. Structural rendering
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The stainless-steel panels are complemented by chevron-shaped
stone verticals, which not only provide a unique architectural feature
to the building, but also provide functional external shading. The
overall facade performance is approximately 20% higher than the
local code requirements.

Active Energy-Efficient and Energy Cost Saving Systems

By applying a daylight simulation tool against three-dimensional
models of surrounding buildings and site topography models, the
design team determined that the project would have a low shadowing
impact, thereby enabling daylight penetration into the building. Low-
emissivity and high visible-light-transmittance glazing is applied to
allow sufficient visible light entering the building while reducing the
undesirable heat gain at the same time. Photo sensors and dimmable
lighting devices are used to reduce the artificial lighting energy
consumption when there is sufficient daylight.
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Figure 3. lllustration of the curtain wall system of PAFC
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Elevator Engineering for Customer Comfort

The PAFC is held to extraordinarily high standards of energy
performance as well as customer performance, which requires a
unified approach to mechanical, electrical and plumbing engineering,
at the same time closely integrated with the design of vertical
transportation. One key objective of PAFC is to provide the most
efficient vertical transportation system with optimized handling
capacity and interval period during normal operation. As the initial
step, the client, architect and the system design team have been
involved in the decision process for the planning of the lift zoning.

A total of 80 elevators, including 45 double-deck lifts, serve the
building. For optimal service, offices are split into seven zones, served
by two intermediate sky lobbies. The 33 local elevators can handle
1,600 kg, moving at a speed of 3.5 to 7 m/s. The shuttle elevators carry
up to 1,800 kg each and can achieve 9 m/s. Each of the seven zones
comprises 8 to 14 stories, a number derived from careful study of the
potential for matching groups of cars to groups of people heading to
a given zone. Two high speed lifts capable of 10 m/s are provided to
serve the observation floor. (Figure 4)

The most efficient lifts are those that avoid frequent start and stopping.
Thus, each sub-zone is served by four to six double-deck elevators. Use
of high-speed double deck lifts enhances the handling capacity and
shortens the travelling time for each car call. The overall interval period
for each zone is maintained within 30 seconds, which complies with
international standards of elevator design. (Figure 5)

Customer comfort is a paramount concern in the PAFC vertical
transportation strategy. For instance, building sway sensors stop
elevator cars on non-resonant (most-stable) floors if the building
exceeds sway thresholds.

Figure 4. Vertical transportation diagram (Source: Ping An)
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MEP Engineering

All of the mechanical, electrical and plumbing design strategies employed
in PAFC work to enforce the high-performance objectives of the building.

Cooling, Demand Control Ventilation and Heat Recovery

BA CO, monitoring system is applied in office and retail floor space.
The Air Handling Units (AHUs) and Primary Air Handling Units (PAUs)
are able to adjust the outdoor air flow according to CO, concentration.
These provide significant energy saving in both ventilation fan system
and fresh air condition treatment.

Primary Air Units (PAUs) are completed with total enthalpy recovery
wheel. The unused energy stored in the exhaust air could be recovered to
pre-cool the incoming fresh air, so as to reduce the building cooling load.

Zoning and Ice Storage

Other major customer-comfort-focused engineering strategies include
the provision of hydraulic zoning via heat exchangers and chillers, an
all-air variable air volume (VAV) system, and a 40,000 ton-hour capacity
ice storage system in the basement that contributes a 4% savings to
the building’s annual energy cost.

Electrical Systems

The building has nine 10 kV electric feeder lines, with six on-duty and
three on standby. Immediate failover is provided by custom-designed
switch gear. Voltage drops can be a big issue across buildings of great
height, so PAFC's engineering team takes care to place transformers
at multiple mechanical floors along the height of the building. Any
interruptions in power can be compensated by six 2,000 kW diesel
generators, and dual bus-duct risers are provided, so as to avoid a
complete blackout in case of a fire in one of the risers. Despite all the
redundancy and tight space requirements, the electrical and mechanical
systems are designed efficiently enough to provide dedicated cooling
for elevator machines, reducing the risk of a hoisting stoppage.

Figure 5. Typical office floor plan (source: KPF)
5. A B R P (R IE: KPF)

Indoor Air Quality

Given the high occupancy density of the building as well as the high
population and motor traffic of the surrounding city, the designers of
PAFC undertake special measures to ensure high IAQ. While facing all
sorts of challenges, the height of the building here proves to be an
advantage. As there is a suitable lower ambient temperature alongside
the higher zones of the 600-meter tower, a full outdoor fresh air supply
will be introduced into the HVAC system, with limited recirculation. This
minimizes the potential for cross-contamination.

Computational fluid dynamic (CFD) analysis has been applied to
evaluate the appropriate location for full fresh air supply under a range
of wind pressures acting on building envelope. The analysis yielded

a 30% increase in the air refreshment rate, compared with the local
design standard, increasing the oxygen content to the indoor space
and carrying the potential of enhancing occupant productivity. High-
performance filtration systems have been adopted in air-conditioning
system, which filters out the particulates in the outside air.

Overall Energy-Saving Achievements Figure 6. Podium at tower base with public green space
Out of the total energy savings of 46% against a similarly sized Ee. £ RMIE M AR REER

conventional building, it is estimated that 27% of the energy reduction
achieved has come from compliance with the local energy code design,
which means that the local building energy efficiency code already
provides a clear design direction for an energy conservation approach.
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A further 6% energy saving is achieved from the adoption of passive
design strategies including the high performance facade and greenery
solutions. The remaining 13% of building energy budget savings is
achieved by active systems including free cooling, lower lighting
power density design, daylight penetration, free cooling, heat recovery,
demand control ventilation and thermal storage design. (Figure 6)

BIM Management

In order to achieve high level of coordination in the PAFC, an
extensive Technology of Building Information Modeling (BIM) was
undertaken, forming the essential “‘coordinator” between civil, steel,
curtain wall, and MEP engineers.

Construction Management

Vertical Transportation Management

In order to abate the progress influence of curtain wall, the
construction elevators were set in core wall. Need to arrange night
transportation reasonably. The lift shaft would be divided into low
and high zone lift installation, and will adopt no-scaffold installation
scheme so as to remove the temporary construction elevators an
soon as possible.

Enough unloading platform could abate the transportation pressure of
construction elevators, if necessary some big size equipments are lifted
through the empty shaft.

Hang the backup tower crane supports so as to ensure the climbing
speed of tower cranes, 5 days per round.

Multi- floor steel beams are lifted at one time so as to speed up
progress.
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Figure 7. Ping An’s completion as of July 2014 and the impact on the Shenzhen skyline (source: Ping An)
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Site Plan Management

The site is surrounded by roads, during the construction of main
structure from 2013 to 2014, while removing the ground temporary
support, the transportation and stacking is a big difficulty. Through
thorough coordination, ensure the construction speed of main
structure: 3 to 4 days per floor.

Construction Progress

- November 2009, started foundation excavation

« December 2010, completed 500,000 cubic meters
substructure excavation and support.

« July 2011, completed mega pile foundation of the tower.
(Figure 8)

« November 2011, completed the thick raft foundation.

« December 2012, completed core wall steel plates wall of floor
1 (60M). (Figure 9)

- December 2013, completed core wall steel structure of floor 68
(315M). (Figure 10)

« July 2014, completed core wall steel structure of floor 96
(446M). (Figure 7)

Conclusion

The Ping An Finance Center has become an outstanding first-class
project. We are confident that its experience could be shared with the
other global tall-building projects. Since mid 2014, the PAFC has entered
an integral stage of simultaneous multi-trade processes, including
structure, curtain wall, MEP, fitting out, lifts etc,, where construction
collaboration will be of utmost importance. With the major challenge of
the total project completion ahead of us, we will continue to ensure the
quality and safety at the same time.

Figure 8. Celebratory picture after completing the mega pile foundation (source: Ping An)
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Figure 9. Core formwork in blue moves up as concrete sets, with megacolumn and floor
plates following below
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Figure 10. Construction progress as of December 2013
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