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Viviana Muscettola joined Zaha Hadid Architects in 2004,
having worked for a number of different practices in China, the
Netherlands, and Italy. Viviana has worked on a wide range of

projects and competitions in Malaysia, China, Egypt, Singapore,

France, and the UK.

As Project Director, she has led a number of major projects for
the practice, including the d’Leedon 7 residential towers in
Singapore, which was completed in 2015 and a master plan
for the Cairo Expo City’s exhibition and conference centre in
Egypt. Currently, she is the project director for a 780-key hotel
and casino project in Macau.
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Abstract | fFE

This paper presents the unique collaboration among architects, engineers and contractors for
the 5th Hotel at the City of Dreams in Macau. Our methodology centers around a comprehensive
3D model that was iteratively optimized to refine the architectural shape, to analyze the
structural integrity, and to fabricate the building. Parametric tools were used throughout the life
of this project from initial design stages to final fabrication.

The final three-dimensional model is not an aggregation of parts manually and separately
designed, but is a live set of adaptable inputs coded to simultaneously generate the final design
and fabrication data. The power of such a tool lies in the high level of flexibility: each new
input into the parametric model is interacting with and informing the data output for further

recalibration and adaptation.
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The Fifth Hotel, City of Dreams:

Macau, a former Portuguese colony, is a
special administrative region of China,
renowned for its tourism and gaming
industries. According to the latest census,
the population of Macau is around 636,200
inhabitants living on a mere 30 square
kilometers of land, making it one of the most
densely populated regions in the world.
Today Macau is one of the richest cities in the
world, serving as Asia’s premier gaming and
entertainment hub.

City of Dreams (CoD) is a comprehensive resort
in the Cotai Strip reclamation area of Macau. It
is built, owned and managed by Melco Crown
Entertainment, and is part of Melco Crown's
first mega-sized property in Macau. CoD
comprises a three-floor podium with a mega-
casino, two theaters, 200+ retail shops, and four
hotel towers offering 1,400 rooms.

In 2012, Zaha Hadid Architects was appointed
by Melco Crown Entertainment’s Co-
Chairman and CEO, Lawrence Ho, to design a
new flagship facility — the Fifth Hotel. The brief

RS A

RIBEEEBFRVERM, BIE/MAN
PERFANTEE, RERHAER LM
ZEEE. RIESMSOTEE R85
636,200 A\, FE{EEXEER(N30F
AREMBISE, RtpAEREEAD
REENHX—. SHERER M
RICHEBENRARL, Z2NEER
HUIpR T <~ —

“FERH” (CoD) BRITEEXEEN
ENRE LHN—MGFEEREL, BS
BINRRERABHE. FENLEE, B
BEEIER e B INER—
. FERMEIE—EIEEE (HE
BEIPERKED. 2T EIIZHN2005ME
EBH) UR4EBIEER, PIRH1,400
BEE.

20124, MEEIIRRERABEEE
FEARIIT SRIE L e FAE L1558
ERININE ST BN AR
— "SRAEE . IHEFERE—ThE
REEMEDBIESED, EEBENITAI
SR, FEREEEEREY AE
2,150[g],

CTBUH 2016 Shenzhen - Guangzhou - Hong Kong Conference | 20164 CTBUHRYI - [T - FEBERFSIN 713



includes a five-star luxury casino, hotel and
mall, which would renew the image of the
entire development and bring the combined
hospitality capacity to over 2,150 rooms.

The sculptural form and composition of
the Fifth Hotel is as undeniably intriguing
as it is equally mysterious because it is
non-referential to traditional architectural
typologies. A simple volume is carved by a
series of voids into a complex form, which
implies an abstract figure-eight or double
loop. The aesthetic effect of the voids is
unigue and it offers exciting internal spaces.
The underlying diagram is of two towers
connected at the podium levels and the
roof, with two additional bridges from which
the external voids can be observed and
experienced up close.

Zaha Hadid Architects is building the first high-
rise hotel complex supported by a free-form
exoskeleton steel structure to accommodate
a mixture of programs. Within one coherent
building envelope, the building features three
sky bridges, five different glazing systems, and
a non-repetitive doubly curved aluminum
cladding on the exoskeleton. The challenges
from these formal and structural complexities
as well as stringent performance criteria for
users'comfort are unprecedented (Figure 1).

The building occupies over 40 levels. The
lower three levels connect directly with the
surrounding CoD podium and house public
functions and a casino floor. The higher floors
house the hotel, which will cater for up to
780 keys, with adequate back of house areas
and ancillary guest facilities exceeding five-
star hotel standards. Several top floors will
house VIP gaming facilities, villas, specialty
F&B venues, a premier lounge, and a roof
top exterior pool semi-enclosed within the
building form (Figure 2).

The porte cochere is neatly integrated within
the external fabric to keep a monolithic
appearance without the insertion of external
elements alien to the design language. The
entrance brings the hotel guests directly
within the grandiose atrium, a 40-meter-high
space that looks up into the voids (Figure 3).
The atrium is finished with elegant and simple
materials, to give a sense of confidence and
refinement. The hotel lobby gives direct access
to the retail strip and the main gaming area

at ground level. The atrium itself houses the
main reception area, a lobby bar, and a flexible
installation space. The vertical circulation is
split between two cores to the east and west
sides of the atrium, which connect to the hotel
accommodation floors and the additional VIP
gaming areas. Panoramic lifts within the atrium
enable views of the atrium and to the outside

Figure 1. Fifth Hotel at City of Dreams in context (Source: Zaha Hadid Architects)
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Figure 2. Diagram of the program distribution and typical axonometric plans (Source: Zaha Hadid Architects)
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Figure 3. Axonometric section of the 40-meter-high atrium and hotel lobby (Source: Zaha Hadid Architects)
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Figure 4. View of the atrium from the panoramic lifts (Source: Zaha Hadid Architects)
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as they travel between the mass and the voids
of the building (Figure 4).

Parametric Design to Construction

The challenge of designing a multi-
programmed tower and its subsequent
construction in a very tight time frame
confronts the limitations of human
production of information. Zaha Hadid
Architects therefore looked at implementing
the traditional BIM models not only to retain
different layers of inputs from the different
consultants, but to also transform it into

a system that communicates exchanges
and recalibrates the output every time the
parameters are modified.

The essence is to allow the different parties
(client, designer, engineers and contractors) to

implement, change and recombine the data
to create an always up-to-date set of outputs
(drawing, measurements, etc.) that can at any
time reflect the current status of the project.

For the facade of the main iconic area of the
CoD, the main contractor appointed four
different facade contractors. Zaha Hadid
Architects has since set up a rigorous platform
for collaboration amongst the designer teams.
Performance input, geometric input, aesthetical
input, and their regulated interactions formed
the instructions that guarantee the integrity of
the design solution (Figure 5).

Inputs:

« Structural stability
- Fabrication limitations
- Budget

« Program
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Output:

- Geometrical rationalization

- Parametric tools

Global Team

The Design of the 5th hotel has come to reality
due to the perseverance and dedication of a
truly global team of professionals.

The great support from Melco Crown Senior
management and their execution team to
develop the iconic design from Zaha Hadid
Architects was clear since the selection of the
engineering team for structure and facade
(Buro Happold, London/ Hong Kong) and at
later stages of the main contractor (Bouygues
/ Dragages, Hong Kong).

The fabrication and final details of the facade
of the 5th Hotel was done by five different
contractors. Working in different time zones
allowed a 24-hours effort that was a real bonus
for the project. With workshops alternating
between Macau, London, Belgium (Kyotec),
Shenzhen (Hachley, Front and Jhango), the
almost daily video conferences allowed the
team to work at a great speed and in constant
communication despite the physical distance.

Tools

The design of the building was made possible
by the use of bespoke scripts and tailor-made
codes in Rhinoceros and Grasshopper, created
by the design team. These bespoke scripts
and coding were enhanced by the incredible
speed at which this software analyzes a vast
amount of parameters and outputs solutions
at high precision.

The process is based on the following steps:

- Formalize the parameters in response
to programmatic necessities, structural
constraints or limitations in the
fabrication process.

- Sorting the parameters by priorities.

- Define the functions that regulate the
interactions between parameters.

The algorithm that regulates the different
parameters makes possible the visualization of
the following items:

- Correlation of key elements.
- Possible incongruences in the system.

- Set of possible outcomes to the same
problem.
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Figure 5. Iconic doubly-curved facade at the voids (Source: Zaha Hadid Architects)
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Figure 6. Photomontage of the process design to fabrication supported by parametric tools (Source: Zaha Hadid

Architects)
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ZHA produced a wireframe model that
identified the principle components of the
facade, such as the limits of deviations and
the maximum envelope. This wireframe is the
sum of the inputs from engineers, client, and
fabricators, and it has evolved from a simple
set of initial rules to a very sophisticated and
multilayered system at the end of the process.

The time spent in the preparation of both the
parameters and the functions that regulate
them is fully recovered by the time saved in
producing the necessary documentation for
the project execution directly from the models.
This process is augmenting the possibility for
the client/designer/fabricators to establish the
optimum solution in a very short time.

The multidisciplinary team that worked
on creating this system has contributed at
different design stages in the definition of
the parameters and the structural logic of
the system.

The fundamental improvement in comparison
with traditional 3D models is the capability of
the system to retain the initial set of agreed
parameters, and to subsequently absorb and
adapt to the articulation of the subsystems.
The history of the design is processed into

a new complete set of outputs showing the
positive or negative effect on other parts

of the system. This is not limited to clash
detection between different inputs but is
increasingly an intelligent problem solving
system (Figure 6).
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Exoskeleton

The initial design for the 5th Hotel responded
to two sets of constraints: the limited footprint
left over from the existing City of Dreams
development and the client’s brief for a high-
density of different programming.

To comply with those initial inputs without
compromising the idea of a single tower, ZHA
started to explore the option of an extruded
box with voids in the middle and two cores
for vertical circulation. The requirement for a
large podium and roof area was the reason
for connecting the volumes at the top

and bottom. The initial three-dimensional
volume would therefore maximize the
number of rooms with an external view. It
also creates a series of special areas in the
bridges for communal programs, and, finally,
it guarantees a standard room distribution
on both tower sides. More mass is carved out
from the 40-meter-high atrium and at the
swimming pool to emphasize the constant
game of solid and void both inside and
outside the building.

The mixed-use requirements for the tower
make a strong case for freeing the internal
layout from vertical support to allow for
maximum flexibility in the programming

— a structural exoskeleton attached to the
facade was therefore the perfect solution. The
exoskeleton strengthens the image of the
building and at the same time contributes to
its stability. The design of the enveloping grid
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was the first successful collaboration with the
team of consultants (Figure 7).

The lateral load stability, challenged by
typhoon winds and seismic loads, is provided
by the steel exoskeleton and the two internal
concrete cores. A composite beam and slab
solution guarantees the transfer of forces
between the external exoskeleton and the
vertical cores.

The exoskeleton steel members are
connected to the nodes with bolted
connections in the flat areas and site welded
in the freeform areas and building fillet. The
building has 2,500 nodes that had to be
optimized into families.

The proposed initial design solution has been
optimized following a sequence of reiterations
due to various inputs including the client’s
brief final definition and the optimization of
the exoskeleton structure.

From the initial stages ZHA worked closely
with the structural engineers, BuroHappold,
to set up a shared lightweight platform

that constitutes the ‘mother”model for the
respective speculations. The importance

in agreeing to the set of parameters has
allowed the two parties and subsequently the
contractors to test and try different solutions
with minimum effort and time.

Structural Parameters:

« All nodes need to be horizontally
aligned to floor edge beam

« All stubs horizontal and perpendicular
to the glazing reference surface

- All members need to be planar and
single curved

The set of parameters was based on making
the load path more direct and therefore
more efficient. The shared axis model created
the optimum tool for the exploration of
possibilities: quick to manipulate and even
faster in the production of quantifiable
outputs such as steel tonnage and overall
structural stability analysis. The final design
shows how the forces travel from top to
bottom, denser and more intricate at the
bottom and lighter and straighter at the top.

Each new wireframe grid proposed by

ZHA would progressively implement the
structural requirements: from the node’s
position connecting back into the steel beam
at the floor plate, to the improved framing
arrangement with internal beams and room
partition aligned.

Special attention has been given to the void
area where the exoskeleton directly supports
the free-form fagade. This area required many
inputs from the contractor to establish the
construction methods and sequencing.

For the fabrication of the steel nodes,
Grasshopper scripts made possible the
visualization in a 3D model of the complex

areas of the belly by combining geometrical,

structural and fabrication limitations.
Moreover, this processing tool enabled

the fabricators to process the information
without the laborious task of producing
millions of 2D drawings. The 3D visualization
and the related Excel chart provide the
complete set of fabrication information

Figure 7. Exploded axonometric view of flat facade system (Source: Zaha Hadid Architects)
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Figure 8. Exoskeleton steel structure at flat and doubly-curved areas (Source: Zaha Hadid Architects)
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minimizing the possibility of human error
and construction time (Figure 8).

Once again the shared platform constitutes
the initial and final tool for the design
and optimization.

Exoskeleton Cladding

For clarity within this paper, the design and
fabrication of the exoskeleton cladding and
the structural exoskeleton are presented in
separate chapters. In reality the tools and
the methodology behind the design and
fabrication have been in constant interaction.
Many tests and trials were performed during
the design process; the learning curve was
steep on adding parameters to the initial set
of rules, and the regulating functions on the
parts were also in constant transformation.

The strict geometrical correlation with the
main structure and the budgetary and
programmatic constraints set by the client
left the designers with the task of creating
not only a flexible design that was adaptable
to different fabrication methods and skills,
but also one that contained the correct set of
rules to demonstrate the design intent.

Cladding Parameters:

- Cladding to follow structural sizing
+ Minimum double curves

- Limit ruled surface

+ 200 year return

- Typhoon area

The large numbers of the non-repetitive panels

that constitute the cladding for the structural

exoskeleton have been given special attention
from the design team. The first step was to find

a simple geometrical relation between the
cladding and the structure needed for easy

erection during site construction. The cladding
geometry has been rationalized by forcing

all exoskeleton structural members'axis to lie
on a plane. As a consequence, all side panels
are completely flat and the amount of curved
panels is drastically reduced (Figure 9).

As the exoskeleton structure tapers toward the
top part of the building, so does the cladding.

The 3D models and scripts that regulated the
relations between components were then
passed to the facade engineers and fabricators
for the next iteration of design. This data
automatically produced a 3D model and all
the relevant sets of information that clearly
visualized every single detail. Every last bolt is
numbered, positioned in space and associated
to tables of specifications (Figure 10).

Glazed Facade in Freeform Area

The glazed facade of the 5th Hotel is divided
into three main categories: flat facade,
trapezoidal facade (in the area around the void)
and triangulated fagade (in the free form area).

The optimization of each fagade has followed
different rules due to the different contractors

Figure 9. Visual Mock-up of free-form facade (Source:
Zaha Hadid Architects)
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Figure 10. A visualization of free-form cladding substructure in a 3D model is generated with parametric tools (Source:

Zaha Hadid Architects)
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Figure 11. Rendering of the freeform facade components, freeform macro panels subdivision and 3D model visual
mock-up of free- and form glazing is supported by exoskeleton (Source: Zaha Hadid Architects)
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involved, but special attention has been given
to the optimization of the central free form
space. The process of transforming the initial
3D model, a smooth poly surface, to a faceted
triangulated surface has been done following
many performance requirements: from
structural to environmental, to maintenance
and cleaning, to drainage. During the processes
of optimization it was also very important to
maintain the new triangulated surface as close
as possible to the original smooth surface so

as not to lose the required proximity with the
exoskeleton and the overall appearance of a
soft, continuous and elastic surface.

In the free form areas, the steel exoskeleton is
the main support for the triangulated fagade.
The grid of the exoskeleton is projected back
into the glazed fagade surface generating a
series of macro divisions called macro panels.
This steel macro window sits in at the back of
glazed fagade and the steel exoskeleton and
transfers only the dead load back onto the steel
exoskeleton. The macro panel also transfers

the wind load back to the exoskeleton, though
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the connections between the two systems is
detailed in a way to ensure the panel does not
stiffen the exoskeleton — so they don't interact
with each other in the in-plane direction of
the macro panel. The macro panel and the
exoskeleton interact with each other in the
out-of-plane (of the macro panel) direction. All
macro panels are connected at the node with
perpendicular stubs (Figure 11).

The starting point for the triangulated glazed
facade that envelops the voids was once again
ZHA's wire frame model. The macro panel main
frame is set from the four points and axis of the
wireframe model of the exoskeleton. The next
step was to find an optimum subdivision: wind
load, limitation in glazing sizes, installation and
replacement and cleaning strategy were all
factors that contribute to the set of parameters.

At the end of the process a more detailed

3D wireframe model was created where the
macro panel families’ subdivisions (multiples
of two) responded to the overall size and level
of curvature of the initial surface.
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