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Project Background
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In early 2011, the Nanjing Hexi New Town Development and
Construction Management Committee contacted a range of
internationally renowned architects for design proposals for a central
conference and meeting facility forming part of the Hexi New Town
Master Plan and the building programme for the 2014 Nanjing Youth
Olympic Games.

Following a competitive design bid, Zaha Hadid Architect’'s design
emerged as the preferred solution, not only presenting the client with
a design for a hotel/ office twin tower, a conference centre and a
plaza at the terminus of one of Hexi New Town’s major Axes, but
also including a proposal to connect the Island in the Yangtze river
opposite the site by means of a pedestrian bridge, establishing a link
between Nanjing’s new urban sub-centre and the comparably rural
and natural environment on Jiangxinzhou island with the potential of
linking-in a local recreation area directly into a highly urbanized new
development.

At this time already, the time frame set for the project was
challenging: 3 years for the inception, design and construction of a
480,000m? GFA building to highest standard, including novelty
design solutions and a highly complex structure, arguably one of
China’s most complex structural building designs to date, set in a
seismic area and in parallel to a complex traffic hub project
involving a cross-river highway crossing and a subsequently
tunnelled river bank bypass road.

Very early in the process it became clear that design and
construction stages would have to be parallelized to achieve
this schedule, allowing for construction work to start early,
whilst still buying the designers and engineers enough time to
adequately develop design and structure.
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The timeframe set for the project was challenging: 3
years for the inception, design and construction of a
480,000m? GFA building to highest standard, including
novelty design solutions and a highly complex structure,
arguably one of China’s most complex structural
building designs to date.
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Location {ii& Client /= Cost &) Design %11
Nanjing, China Hexi New Town Planning Bureau Confidential Zaha Hadid with Patrik Schumacher

Year 14 Size #liE Program FiEEIEITHAE Project Director 71 B 5.4
2011 -2014 473,010 m? 2 Hotel Towers, Conference Centre, Nils Fischer
Youth Olympic Plaza, Offices and

Mixed Use Areas for Youth Olympics Project Architect T B 35 45/

2014 Shao-wei Huang

Vincent Nowak
Sub-Consultants [ff/E 1% /4]
Local Architect i 751% 1T F%: China Architecture Design Institute 7 E 2515 1T# 527 | Structural Engineers 45#J T#2: Buro Happold #:## | M&E Engineering 1l
8, T72: Buro Happold =i | Facade Engineers %1% T#2: Buro Happold #:i# | Acoustics = #21%1t: Zhejiang University T’ X% | Theatre Consultant &|f7i%
it/EiE): China Art Science and Technology Institute 1 EZ R ZEAT | Lighting Design #2B31%1t: BPI Z2iE AR IT AR H
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Design Concept
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Zaha Hadid'’s design takes the location of the site at the junction of a
mayor urban axis and the Yangtze Riverbank as a primary generator
for the architectural language. This strategic location, interweaving
different directions, combined with the position at the interface of
urban business centre and nature, is developed into an ensemble
of sculptural twin tower, a conference centre, a public plaza and
the pedestrian bridge as an overarching landmark framing the view
to the nature, developed out of a symbolic thread and drawn in a
single line, connecting the Youth Olympic Centre from its starting
point at the CBD with Jiangxinzhou island'’s recreational areas.

This symbolic thread is inspired and embodies the almost
1600 year old tradition of Yunjin, the traditional Chinese thread
making famous for its precious golden and silver fabrics,
originating and still from and centred in Nanjing. The
architecture of the Youth Olympic Centre Master plan is
inspired by the continuity, fluidity and connectivity of the thread,
and the sculpture of buildings and landmarks is drawn as a single
line that interweaves and connects the surrounding programs of
CBD, Youth Olympic village, Riverside park and River island to a
continuous, open and dynamic backdrop for the Youth Olympic
Games. The dominant languages of swarming and dynamic
patterns across the building represent the flow of water and
sediment in the nearby river, the primary generator of the land Hexi
New Town is built-upon.
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The Impact and Benefit of Parametric Design in the Envelope development
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Now, being challenged with a tight time rame, high quality
ambitions and a complex design language, the consistent usage of
parametric design and engineering tools has been key to achieve a
timely delivery of the project. The building’s envelope is probably
best illustrating where the advantages of such workflow can be
found: A complex, curved envelope with swarm-like openings
distributed all over the facade- the conference centre alone has a
85,000m? envelope with 12,500 individual panels, and a total of
3,400 windows scattered over the building’s skin.
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Parametric design allowed to bring seemingly contradicting
goals together: Despite being a landmark project with a radical
design agenda and setting a new benchmark for complexity
in construction, this project has also set a new construction
speed record for high rise buildings by tight integration of
design and production.

KEARFEEA Technology Platform
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To achieve feasible production and rationalization within the project’s
time frame, earliest design studies needed to be carried out with
geometric rigor and rationalization in mind, paralleling form finding
and rationalization.

In early stage, form finding for Towers, conference centre and master
plan have been carried out in Autodesk Maya, a tool originating in the
film industry, combining a very intuitive design interfaces allowing
the architects to work almost like sculptors, with a powerful geometry
engine and programming environment, allowing to directly overlay
modelling exercises with information on geometric parameters
important for downstream rationalization such as planarity, curvature
classes, modularization potential and area constraints. Zaha Hadid
Architects has extended this platform with a number of custom
built tools giving the designers real-time feedback on engineering
constraints, allowing a high awareness of rationalization criteria whilst
enabling a maximum intuitiveness. Additional layers of rationalization
have been introduced using a parallel Rhino/ Grasshopper pipeline, a
procedural geometry engine with a visual programming environment,
allowing the designers to develop panelisation strategies in parallel to
the sculpting of the envelope.

This interconnected platform allowed the design team to create
a dynamic design model interlinking design and rationalization
parameters, generating a form that is not only embodying the design
concept, but that as part of the parametric design setup is already
relevant to downstream processes and decisions, drastically reducing
onerous design iterations which at such accelerated processes would
present a considerable time risk and also allows architect and client
to look at a very robust scheme at an early stage of the project.
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Upon full agreement of the concept, the project has then been immediately
migrated into a BIM environment to allow for further parallelization of
process, releasing first construction information as early as half way
through Schematic Design to allow foundation design to coincide with
works on the highway river crossing: Full 3D co-ordination allowed the
design teams of the projects surrounding the building to work
together, specifically critical when negotiating foundations of plaza,
highway tunnel, riverbank tunnel and pedestrian bridge, as these
elements overlap and require piling of up to 70 meters depth:
Through joint 3D co-ordination the corridor of the highway tunnel
could be adjusted to optimize the location of the pedestrian bridge
foundations, and tight integrations of the building foundations and the
tunnel projects under the plaza could be achieved.

The BIM environment has been distributed over two platforms, utilizing
Autodesk Revit for the building's interiors taking advantage of a streamlined
documentation and quantity take-off pipeline and Gehry Technologies
Digital Project, a BIM software based-upon Dassault Systems Catia, and
environment allowing for highly complex geometries and big data sets to
be handled in real time for building envelope and structure co-ordination.

This setup allowed the design team to quickly adapt and modify the
design where necessary and to release information to site quickly, with
the design process only being three months ahead of construction on
site.
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Parameiric Design Advantage
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Apart from the aforementioned parallelization of design and construction stages
through tight integration of design and documentation, the parametric design
environment allowed the design team to develop the envelope detailing to a very
high level of co-ordination and with production constraints in mind.

The high degree of surface rationalization achieved in concept design already
allowed for efficient panelisation strategies, creating families and same-part
strategies for the envelope, optimizing elements for production speed and
transportability, a key factor in a high speed project where logistics can turn into
a major bottleneck. As all rationalization and part logic has been developed by
architects and engineers in a parametric environment, design changes could be
turned around rapidly as rationalization logic becomes reusable.

-
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This approach allowed the architects to develop a highly complex
envelope package; the conference centre consists of 12,500
3x2 meter fibre concrete panels with complex and largely non-
repetitive geometries, and data generated allowed the contractors
to directly feed this information into the mould making process and
to deliver a steady flow of material to site. Tight integration with the
contractor’'s production sequencing allowed the design team to
partially freeze parts of the envelope for production, whilst other
parts were still optimized and integrated with the engineer’s
primary and secondary structures.

Especially here the parametric environment became highly valuable as
adjustments and negotiations between Envelope, primary, secondary
and MEP systems required for numerous iterations which could be
implemented quickly to achieve optimization on all levels, and full
3D co-ordination between these systems allowed for detection and
prevention of clashes which at projects of this scale and complexity
pose an ongoing threat to site progress.

The twin towers had a specific challenge as architecturally banking
on an “enhanced perspective” effect where a tapering of the towers
increases their visual standing: This lead to china’s first tower with
all-inclined columns, where the bottom part of the perimeter moment
frame is negatively inclined to create an overhang at a roughly 70
meter “belt line level”, to then gently taper inwards again to narrow
out the towers at the top, creating the signature silhouette of the
towers and giving them a unique standing in the Nanjing Skyline.

This presented the team with the challenge of trapezoidal tower
elevations — and a choice to either “cut” panels at the corners of the
tower or to go for a fully trapezoidal panel layout — the latter being
the right choice to achieve the effect of an enhanced perspective,
meaning each panel would have to follow the overall tower geometry.
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This created a requirement to develop datasets for more than 20,000
unique curtain wall panels — a process which without parametric
tools would have been impossible to manage. The fagade contractor
employing the same 3D platform as the architects could directly feed
the information generated into their production process, making this
large-scale “mass customization” feasible as production
parameters could be obeyed in the envelope generation process by
the architect already, ensuring that all deviations from typical
rectangular elements remained within the constraints of the
contractor's production equipment.

The full benefit of the parametric design came to fruition when a
full re-design the envelope of both towers including full re-issuing
of construction documentation for over 20,000 unique panels
was required to optimize the design: the entire process was
completed within six weeks, allowing the construction schedule to
stay on track whilst achieving a major design improvement.

Also, the parametric design environment allowed the design team
to deliver high definition datasets to the manufacturing companies
giving a consistent detail implementation and short workshop
planning turnaround times despite various companies being
involved; the speed of the project required to split appointments for
the tower fagade across two of the largest Chinese fagade contractors
to achieve the output necessary, and on the basis of consistent
and highly defined production data co-ordination inconsistencies
between them could be reduced to a minimum.

In conclusion, the application of parametric design from concept
to construction allowed the team to deliver one of china’s most
complex streel structures to date, the first Chinese project to be
built top-down / bottom-up, a twin tower with all-inclined structure
and a highly complex envelope with more than 30,000 individually
developed panels of complex nature, to be delivered in
record-breaking time by parallelizing design, engineering, co-
ordination and production processes and enabling multiple
contractors to work in parallel.
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Project Delivery Strategy

Nanjing International Youth Culture Centre is being delivered using the
most effective and efficient design and construction practices available in
China today. As designed, the entire project has been easily procured on the
China market. ZHA has extensive experiences of project delivery in China,
and understands the specifics of designing, tendering and constructing
complex projects in the PRC extremely well. This includes the effective use
of Building Information Modelling (BIM), integrated design and construction
processes and the intricate collaboration process required between foreign
design consultants and a Local Design Institute (LDI).

In recent years, the implementation of Building Information Modelling
(BIM) for large-scale complex projects has become commonplace. BIM
contains the 3D geometric information about the building including all of
its associated 2D data such as quantity, cost and engineering information.
IPD is the process that integrates all digital BIM data relating to the
fabrication, construction process and facilities management phases.

NIYCC use a high-quality 3D model as the primary source of dimensional
control and geometric coordination and documentation, which has been
issued for tender along with supplementary 2D drawings to help the involved
parties to understand the building and provide an overview of the project.
Contractors have been screened for 3D capability and rejected for tender if
considered of inadequate technological level. Focusing on the development
of the model has many benefits, including the rapid quantification of project
geometry for accurate pricing, and the overall coordination of the project for
all disciplines including Structure, MEP as well as the Cladding and Interior
geometry for a fully integrated, collaborative BIM process for delivering the
YOC project.
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Integrated Project Delivery (IPD)

The Integrated Project Delivery can be organised to suit specific project requirements. This example of a distributed IPD shows
a multi-stage BIM process, during which the project in the Scheme Design (SD) and Preliminary Design (DD) phases is led

by the design consortium team, and then handed over to the LDI for downstream coordination and shop drawing production
during Construction Documentation (CD). The contractor may subsequently use the data for on-site set-out and construction
quality verification to the client during Construction Support (CS).
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The 3d Project Lifecycle Process

The current trend toward the implementation of new technologies
and working methods is pervasive through the entire lifecycle of
building — from preliminary design, through coordination, procurement,
construction and into to facilities management.

IPD begins at the preliminary design stage, when the basic information
about the project is integrated into one 3D data base. This may include
site geometry and existing services, cost information, zoning information,
the structure of the project consultant team and, increasingly, specialized
“captured project knowledge,” which passes from project to project. It is
always beneficial to a project if an experienced construction advisor from
a contracting firm is already part of the team at this preliminary stage.

As the project moves further into the design phase, all the information
about the project continues to be added to the BIM. Regulatory authorities
throughout the world are moving in the direction of ultimately requiring
fully automated, internet-based, 3D submissions for code compliance
review and the issuing of building permits. In China, the use of digital data
as part of government submittals is becoming increasingly important.

By the tender stage, the IPD process has provided enhanced coordination
information, automated production of 2D construction documents,
a detailed automated bill of quantities and a preliminary construction
schedule and methodology with simulation. Due to the reduced risk
inherent to projects which have been fully coordinated with BIM, tender
prices are lower, with less of a spread between them (as low as 1% of
each other.)

The BIM model can also form part of the contract documents. During
construction, the constructor uses the BIM as the central repository of
all of the construction information. This includes 3D coordination, supply
chain management, cost control, construction process simulation and
operating and maintenance reference information. Upon completion of
the project, the BIM model is transferred to the owner for use in facilities
management. After construction, the BIM data can be connected to
the Building Management System (BMS) and the fire control systems.
Using this total system integration, the actual building equipment can
be monitored, controlled, optimised and maintained, by the owner’s
facilities management team — remotely over the internet. In this way, the
same building information database is used from the start to the end of
the life of the building.
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HEIEIE Consiruction Facts
TE 0 T #8324 20,0004 404 9 R 44

More than 20,000 customized steel members;

I AT 4 1858 KB (GRCO) IR B EER R EE NI B #
5 ;

Largest GRC project in China: more than 12,000 GRC
panels have been fabricated;

PEEHARALEERTEEEZER ;
First completely bottom-up/top-down tower
construction in China;

TITNR ARG A RTR; Si16, 3254 , B8
B — 2 L E R,

717 drilled piles completed in 6 months; 6,325 piles in
total and more than half are steel piles;

BESRARERAIK; HRAXHTI0K;
The diameter of the largest piles is 3 meter; the
deepest piles reach below minus 90 meter;

ANAATEHSAIKE TIELERT, SORATEHT50
K;

541 meter diaphragm wall construction completed in
4 months; the deepest part reaches below minus 50
meter;

1 AR 5ER%80,000F /5 K it FBO1F I ;

80,000 m? BO1 excavation completed in 1 month;

—F2NTRBE M T KRR , SRR, B E N
LBEE RITE ;

Tower basement concrete slabs complete whilst
Tower level reaches L17 in 1 year.
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