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TAIKOO PLACE WALKWAYS GEOMETRIES

I Concept and method

Swire Properties’ redevelopment
of Taikoo Place is about bringing
a new life to the Quarry Bay
community, interconnecting the
business environment with public
activities and social context. Hugh
Dutton Associés designed the
sculptural walkways that link the
buildings around Taikoo Place.

Iconic steel arches of the walkways
dance between the towers
expressing the linking of existing
and new constructions. The
walking decks are hung from the
arches, floating above the garden.
A mullion-free glass wall gives

a generous transparency to the
garden, supported on a handrail
wide enough to lean on - Like being
on a ship, floating in the garden.

A luminous and transparent
ribbon roof provides continuous
natural wayfinding and a feeling of
openness with glimpses of the sky
and surrounding towers. Beneath
the walkway, light is present too,

as a shimmering anodized finish
soffit reflects the plants and life in
the garden, animating the pathways
under the suspended decks.

The curves are complemented with
complex patterning using state of
the art industrial processes to bring
unique custom motifs and identity
in cladding materials and finishes.




Concept sketches from Hugh Dutton

Above and opposite:



MAKING CURVES

I Concept and method

The fluid and curved walkways

are a sculptural counterpoint to
the rectilinear towers that they
connect. Building the curves
requires creative design of complex
geometries, involving use of
inventive and innovative computer
programming design tools.

Deceptively simple in their
appearance, the walkways are if fact
very complex in their geometrical
composition. It is necessary to find
precise geometrical descriptions of
the fluid curved lines to construct
them in conventional materials
which are generally planar and
straight edged with elegance and
detail quality.

The walkways are a composition
of curved arches and meandering
suspended decks in welded steel
plate with curved stone floors,
aluminium ceilings and glass
facades. Each part requires a
different construction technique
to achieve the desired form that
is compatible with constraints of
the material in which it is made.
Making complex curves involves
defining ‘developable’ surfaces*,
such as cylinders or cones for the
steel plate, glass and aluminium
cladding to be curved to.

Right: Developable surfaces.



*In mathematics, a developable surface is a smooth surface with zero Gaussian curvature.
It is a surface that can be flattened onto a plane without distortion (i.e. “stretching” or
‘compressing”).

View of Segments 1, 2 and 3 from 1 Taikoo PLace to 2 Taikoo Place.



GENERAL LAYOUTS

I Concept and method

The bridges setting out
in is defined in plan as a series of
circular arcs that interface with each
other at tangent points to achieve
smooth transition between the
curved segments.

As the walkway pathways
move through space, they are
defined as helicoidal planes sloped
to connect with the different
buildings at different levels
according to the site topography.
They must comply with a statutory
maximum slope of 1/25 for disabled
people and must be levelled
transversally for user comfort. The
walking surface is helicoidal, like
a spiral stair, where each tread is
transversally level, but twisted in
space with respect to each other. To
achieve this spiral ramp geometry,

the steel framing is set out with
horizontal transversal members
arranged just like the treads of

a spiral stair, then composite
corrugated steel decking is laid on
top to follow the spiral surface and
it can be slightly twisted to achieve
the helicoidal surface. The concrete
poured on top forms is then
troweled to homogeneous thickness
- to the spiral surface.

The glazed roof planes of
the bridge are laid out as conical
surfaces that generally correspond
to the same circular arc fragment
plan configuration. The cones are
subdivided into a series of facets to
allow the roof glazing to be realized
as planar panels between radial
joint lines.

Above: Roof conical surfaces.
Below: Principle of helicoidal surface of the pathway.
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DESIGN TOOLS

I Concept and method

3D SPATIAL DESIGN
MODELLING

STRUCTURAL FINITE
ELEMENT ANALYSIS

BIM (Building Information
Modelling)

The bridges are entirely designed in
3D, using Rhino design modelling
software, that is supplemented
with many custom parametric
‘plug ins’ which permit to draw
the components of the bridge by
algorithmic code programming.
We set out the rules for the
geometry definition, and varied
the parameters that modulate

the shapes with the plug-in

input. The plug-ins can simulate
climatic effects such as daylight,
solar radiation, rainfall as well as
structural performance. So, the
parametric design can be to a
degree adaptable, but also optimal

regarding sustainability, buildability

and economy.

Once the geometry is defined in
Rhino, it is transferred to structural
software in a ‘wire-frame’ form,
where each structural member

is defined as a segment in space.
These models are then analysed
using GSA (General Structural
Analysis by Oasys/Arup) for

structural behavior,

With the structural members
defined, a full BIM model is built
up. The model is an digital version
of the whole bridge. Every member
is created in a 3D environment

in the computer, simulating the
juxtaposition of all components,
combining the structural profiles
with air conditioning, sprinklers,
electrical equipment and finally
external cladding and internal
finishes to verify if they are all
coordinated spatially.
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Solar radiation at Taikoo place and plotting of exposure onto walkway roof surface impacting fritting and ceiling patterns.




CONCRETE PIERS

II. ARCHITECTURAL COMPONENTS

The concrete structural
piles that support the bridges in the
landscape are cast with formwork
in curve-able plywood shuttering
assembled and cut to form ruled
surfaces.

o) (=)

Ruled surfaces.

Timber formwork and metal mesh.







ARCHES

II. ARCHITECTURAL COMPONENTS

DESIGN

The Arches are the primary
structural members, carrying the
bridge decks back to the columns
and support points. The arch shape
is inspired by reversed funicular,
close to parabolic profiles, which
are curved above the roof levels
and then straighten down to the
supports, following the passage of
forces in them. Each arch lies in
an inclined plane to ensure that

the force path is resolved without
any distortion of the arch itself.
Aligning the roof framing patterns
with the arch support points and
also with the deck framing patterns
and support locations requires a
tricky modulation of a multitude of
interactive parameters.

The deck hanger points also need
to align with the arch supports and
the deck framing. These framing
alignments simultaneously affect
the repetitive roof glazing grid and
the facade joint modulation, which
in turn have to coincide with the
anchor points at the bridge ends.
Only a full interactive parametric
model managing all the points
and grids in space could ensure
a synchronized resolution. The
diagram shows the model used
for the simultaneous geometries
definition.

Arches.




Framing definition.
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ARCHES

II. ARCHITECTURAL COMPONENTS

« FABRICATION

The triangular section e L o
is fabricable from precut flat 2 N\VARVARVAR\A ‘\ /]

plate and cold formed to the

desired geometries,(). These

shapes are generated from the

3D shapes in the Rhino design

model, and then ‘unrolled” and

laid flat. The diagrams show the
unrolled surfaces ‘Laid Flat’ The
construction involves cutting the

steel to these rolled out shape and
laid onto jigs for welding.

Road Side Arch \ «
01865 o

[

\\ﬁJ:i;;y
\/

W

Socton s

7 < > <
VY VY
Ve ¥

5 e Seconsat mersecton

Gar

022

Arch sections drawing.



Process of fabrication
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DECK AND SOFFIT CLADDING

II. ARCHITECTURAL COMPONENTS

SERVICES INTEGRATION

Achieving sensation of the
walkways floating elegantly in space
as they meander between columns
and through the garden requires
the deck to be as thin as possible.
This means an optimal nestling

of air conditioning equipment
between the structural members.
We used the analogy of the inside
of a smartphone to explain the
concept to the services engineers
and contractors who conventionally
have more generous volumes to
work within.

The typical architectural section
shows the services in detail but only
in two dimensions. However, they
must be designed and coordinated
in 3 dimensions to fully optimize
the space available and this is done
with the BIM computer modelling.
Fan Coil A/C units are fixed
between the structural beams and
the air distribution plenums are
compacted into a minimal volume
on the edges.

Each of these fan coil units as

well as the free-cooling fans, the
electrical supply, chilled water
delivery pipes and the condensate
drains that are necessary for the
A/C tunctioning are created in

the 3D space of the BIM model, to
verify that all of the parts fit snugly.

Construction.
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DECK AND SOFFIT CLADDING

II. ARCHITECTURAL COMPONENTS

SOFFIT SURFACES

The surface of the deck is then clad
with reflective cladding to conceal
the air conditioning equipment and
structure. All panels are operable
for access and servicing of the air-
conditioning equipment. Opening
a curved panel means only two
strategically placed hinges can be
used and the volume in which the
panel rotates needs to be clear of
obstacles.

The cladding is lightweight
aluminium sheets that are cut

to developed shapes to follow

the meandering curvature of the
deck. The sectional curve for the
cladding panels is a segmented
curve, built up from several straight
sections. The plan curve of the

bridge means the panels need to be
fragments of conical, or toroidal
surfaces to achieve the desired fluid
appearance.

The transversal segmented curve
of the cladding allow to achieve the
developed shape that can be cut
from flat aluminium sheets. Small
studs are factory welded to the
inner face of the sheets to fix them
to the hinged framing.

The diagram shows the toroidal
surfaces in green that are then laid
in segments onto a flat surface.
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Toroidal surfaces.



Left: Factory fabrication of soffit panels using cnc controlled
machine tools.

Bottom left: Panels are thick enough to avoid visual distortion but
thin enough to be curved by hand.

Top: Site work.
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CURVED GLASS FACADES

II. ARCHITECTURAL COMPONENTS

All fagade glass is factory curved

to specific radii according to
cylindrical shapes. It is heat bended
in special curved conveyor arrays in
tempering ovens. For safety reasons
every panel of glass is a laminate of
two sheets.. In case of breakage the
glass will remain in place to prevent
falling.

Current glass fabrication
technology allows simultaneous
curving and heat tempering to
strengthen the glass and provide it
with additional resistance to fire.

The curving machinery is CNC
controlled as opposed to traditional
curving methods which involved
one-off moulds. The CNC
machinery allows multiple radii of
curvature without requiring new
moulds for each curve. Nonetheless,
it is still preferable to optimize
curvature into ‘families, for simple
reasons such as replacement and
repetitiveness of components.

Each plan curved segment of the
walkway will require a different
curvature to the facade panel as
shown in the diagram opposite.

Above: Curving machinery.



Site Work.

Diagram of facade curvature.

R=46.477m

BUILDING
2A
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HANDRAILS

II. ARCHITECTURAL COMPONENTS

The handrails not only provide a sense of
security for the public on the bridge which
are at height above the garden, but also
support the facade glass. They are simple
curves that follow the deck helicoidal form.
In extruded bronze, they are grooved to
provide visual texture and emphasize the
curve.

The curved extruded rails are supported
on cast stainless steel posts. The form of
the posts follows a taper from large at the
base to slenderer at the top, with a smooth
rounded texture. They are one-off pieces
only found on the Taikoo Walkways and
give a sense of crafted individuality: This
variable geometry can only be made by
casting and the finish quality requires a
lost wax process. First,a mould is made in
aluminium, from which wax replicas of
the posts are made. The wax piece is then
cased in a ceramic carapace into which the
liquid stainless steel is poured. The final
finish requires a bead blast finishing to
remove the traces of the casting process,
and notably the feeder connections seen in
the casting photograph.



Above: Installation of handrail on site.
down: Fabrication of the cast stainless steel posts.
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ROOF GLASS

II. ARCHITECTURAL COMPONENTS

The roof glass panels are all flat but
laid out according to facetted cones,
such that the flat panels align along
the axial cone generation lines but
follow an overall curved conical
surface. Walkways Segments 4
(from 2 Taikoo Place to Dorset) and
6 (from Lincoln to 1 Taikoo Place)
are straight but do have conical roof
surfaces that align with the facades
of the parent buildings they connect
to at each end, creating a gentle
warping effect.

ROOF REVERTED CONE
BASE CIRCUMFERENCE

ROOF CONE BASE POINT
(RELATIVE TO LOCAL COORD.)
X:37646.2998

Y:-22612.5026

2:18381.4114

SEGMENT 4
LOCAL COORDINATES

PROJECT COORDINATES
839887806.6643
8164661904672

z 00000

ROOF CONE SUMMIT
(RELATIVE TO LOCAL COORD.)
X:37920.2739

Y:-22672.2082

7:14264.7332

28 BUILDING

Opposite: Drawings of planar panels.
Right: Roof geometry definition.
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ROOF GLASS

1I. ARCHITECTURAL COMPONENTS

The roof glass is fritted with a dot pattern
to provide some visual masking from
above of the roof services and structure and
to provide a degree of protection from solar
radiation. The density of the dot pattern
varies according to the solar exposure and
to the desire for dlear views.

Opposite: Drawings of frit pattern.
Top right: Solar study.
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CEILINGS

II. ARCHITECTURAL COMPONENTS

At night, the walkways are
ribbons of luminous ceilings. The
ceilings are the source of artificial
light, either direct or indirect. A
suspended surface of perforated
aluminium is illuminated in a
unique pattern of perforations
from lights above it in the roof.
Strip lights in the floor illuminate
the ceiling to indirectly project light
back onto the floor.

The pattern is the result of a
parametric exercise where the
density varies as a function of the
presence of roof sprinklers, solar
exposure and views through the
edges of the roof to the sky. The
variable transparency and opacity
masks unsightly fire protection

services in the roof whilst providing
a feeling of lightness and views

at the edges and the ends of the
bridge. The pattern is unique to
Taikoo Place and thereby provides a
sense of identity.

Elliptical holes milled in
aluminium sheets follow influence
lines expressing movement and
direction. The patterns are intense
in places that reflect also an
analogous pattern and scale in the
floor paving, so they relate to each
other in a subtle way.

Opposite: Rendering of walkways showing luminous ceilings.
Right: Photos of completed works.







CEILINGS

II. ARCHITECTURAL COMPONENTS

The patterns are generated in
Rhino with algorithms overlaying
influence parameters for opacity
and movement dynamic on the base
setting out geometrical parameters
of the walkway structure and
facade envelope. A tight common
denominator rhythm of radial
setting out lines whose geometry is
set within the structure transversal
roof members aligned strictly with
the primary conical generating axes

(1).

A second set of progressive curves
whose intensity varies is overlaid to
intersect the tight radial setting out
lines (2).

An interference pattern is generated
where the radial lines and the
progressive curves that influences
the orientation and dimension of
the individual elliptical holes (3).

The resulting pattern is
scaled using attractor curves to
regulate the transparency. The
ceiling intensity pattern also echoes
that of the floor paving patterns (4).

Finally, the pattern is
projected onto the developable
toroidal surfaces of the suspended
ceiling whose shape emulates a
draped fabric surface hung between
the roof edge beams (5).
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Above: Detail of elliptical hole pattern and final perforation

patterns.

Left: Milled panels of ceiling cladding during factory inspections.

Other images: Perforation pattern generation. Refer to text.
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FLOOR PAVING

II. ARCHITECTURAL COMPONENTS

Similar to the ceiling
pattern generation, a parametric
algorithmic code was written to
generate a non-periodic paving,
only using a small set of basic
elements. Inspiration was drawn
from the well-known Penrose
tiling, an algorithm developed
by the physician Roger Penrose.
This algorithm is used to pave
any surface using only very basic
geometric shapes such that each
piece of the pavement is made from
the base shape.

For the floor paving of
this project, a simplified Penrose
algorithm has been used to divide
randomly an original golden
rectangle into smaller pieces in
order to generate a non-periodic
pattern of smaller squares and
rectangles.

The pattern is dense at the
perimeters to manage the scale

of the angular cuts necessary to
achieve the edge curves. This
intensification of the patterns at
the edges, denser the tighter the
radius, transforms the impact of
curves of a rectilinear pattern into
a feature that expresses the curve as
a compatible design composition.
The image below shows how a
simple scaling can express a natural
curve.

The basic orientation of the
floor stone laying pattern has an
orthogonal North/South orientation
of squares and rectangles to align
with Gustafson Porter + Bowman’s
landscape geometry, so the floor
paving and garden paving as well as
pond directions can be subliminally
connected. The grounds relate to
each other at different levels.

Choi Comer, a Hong Kong based
design studio, with experience
from Fergus Comer’s work on

the stonework at Pacific Place
ensured the final patterns and stone
selection and quality control, with
notable factory pre-laying of all
pieces. Choi Comer introduced
delicate inlays of bronze strips
highlight key interfaces and assisted
in wayfinding signage.

Below: Penrose principle.
Opposite left: Drawing of flooring pattern apply to all segments.
opposite right: Prelay and installation on site.
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II. CONCLUSION

Together all of the Taikoo
Geometries contribute to a holistic
composition that creates a unique
sculpture in a garden. From the
common denominator orthogonal
Taikoo Garden patterns to the
radial conical setting out of the
ceiling patterns, all the geometries
are related for a coherent
expression.

Noble materials are fabricated and
crafted to curved geometries where
their distinct and different forms
and shapes become natural and
fluid curves together.

The walkways are a sculptural
centerpiece of the Taikoo Place, as a
timeless composition of geometric
coherence for people.
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