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Jeff Huggins joined Safdie Architects in 2006 and became

an Associate Principal in 2013. He currently serves as project
manager for the fagades and commercial tower components
of the Chongging Chaotianmen project. His previous

work as project architect includes the Colombo Residential
Towers in Colombo, Sri Lanka; Chongging Eling Residences
in Chongging, China; and the Marina Bay Sands Integrated
Resort, in Singapore. Following the design development

of Marina Bay Sands in Boston, he relocated to the firm's
Singapore office for three years as resident design architect for
the hotel towers.
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Abstract | &

One of the outgrowths of dense vertical urbanism is the challenge of interconnecting tall
buildings at multiple levels in the sky. In order to have the super-connected urban whole,
pathways between the vertical nodes must be equally advanced along with technological
breakthroughs that allow towers to grow vertically. The “Conservatory” At Raffles City in
Chongging, China is a new invention of the horizontal tower. It provides a fully enclosed mixed-
use program while linking vertical towers together, creating a new type of three-dimensional

building matrix.

Keywords: Life Safety, Mixed-Use, Sky Garden, Structure, Vertical Urbanism
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Introduction

One of the outgrowths of dense vertical
urbanism is the challenge of interconnecting
the towers that have developed as the

main response to higher density. In order

to have a super-connected urban whole,

the pathways between these vertical nodes
must be equally advanced alongside the
technological breakthroughs that allow for
the ever increasing heights of the tower. In
response, Safdie Architects has designed the
“Conservatory” at Raffles City in Chongging,
China. A building unto itself, the Conservatory
is a horizontal tower that links multiple
buildings. The Conservatory is an evolution
from the Marina Bay Sands SkyPark, in that it
provides a fully enclosed mixed-use program
while linking the project’s vertical towers
together, thus creating a new type of three-
dimensional building matrix (Figures 1 & 2).

The 280m long structure houses four main
programmatic uses: public observatory,
residential clubhouse, hotel lobby, and F&B
destination. The Conservatory provides the
dual function of housing these programs, as
well as acting as a horizontal conduit linking
the many towers together. It provides much
of the same type of connectivity one would
find at podium level or below grade, but here
with new meaning, and new opportunity,
located 250m above ground level.

As an emerging building type spawned from
dense urban environments, the Conservatory
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Figure 1. View of Raffles City Chongging looking toward the city (Source: Safdie Architects)
B ERCRELT DEOEEKNEN R FREERIMESH)

Figure 2. View of Raffles City Chongging from podium (Source: Safdie Architects)
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faces more technical challenges than a typical
skyscraper. Presented here are the inventions
that were crafted to tackle the requirements
of structure, cladding, environmental comfort,
egress and life-safety, vertical transportation,
and programmatic distribution.

Program

The Raffles City Chongqing project is located
at the confluence of the Yangtze and Jialing
Rivers in the Yuzhong central district of the

R BRI =S5

city. Overlooking the Chaotianmen public
plaza and historical heart of the city, the site is
truly one of a kind. Filling the site is a podium
building of six above-grade stories, which
houses some 200,000sm of retail space, as
well as subway, bus, and ferry terminals. A
public park and private residential gardens are
created over the podium, with direct access
from the city on the southern end of the site.
Emanating from the podium are eight towers:
six southern towers reaching 250m and

two northern towers topping out at 350m.
The towers are a mix of uses, comprised of
residences (T1256), luxury residences (T3N),
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offices (T4N, T4S, T3S), service apartments
(T4S), and hotel (T4N) programs. The
Conservatory spans across four southern
towers, and links six of the eight towers
(Figures 3 &4).

The Conservatory is a building that was

born out of programmatic needs to fit

with tight site constraints; the project is
more than 800,000sm of GFA on a site of
only 9 hectares. The need for creating a
public observatory, amenity rich residential
clubhouse, hotel lobby, and destination F&B
anchor, all contributed to the formation of the
Conservatory, as these functions could either
not be located in any single tower, or needed
to be accessible from multiple towers.

The prime example of how the Conservatory
works to take a single program and integrate
it across multiple buildings is the hotel. The
hotel guestroom floors are located on the top
half of Tower 4N, yet due to the efficiency and
vertical circulation restraints at the office floors
below, the main express lifts to serve the
hotel are located in Tower 4S (one of the four
towers supporting the Conservatory). This
places the hotel’s main entry lobby, reception
and lounge within the Conservatory. A large
and spacious bridge links the Conservatory
back to the north tower at this level, providing
access to the guestroom floors. One
programmatic requirement for the hotel is
multiple destination F&B venues, and these
outlets are located within the Conservatory
spreading to the east and the west from the
hotel lobby area. At the western end, these
F&B outlets are served by express lifts coming
up from tower 5. Thus, the hotel program and
access is spread across three towers, with the
Conservatory providing program space and
providing the main connectivity to unify this
single program.

The residential clubhouse is another example
of a program requirement that could not be
housed in any one tower, and thus required
a space that linked multiple buildings.

The residential program is spread across

five separate buildings, so the creation of

a unifying space for the clubhouse was
essential. Two access and arrival points
serve the clubhouse, with express lifts in the
centrally located T3S providing access for
residents from T1256, and a bridge linking

to the luxury residences of T3N. Thus, the
Conservatory links the five residential towers
bringing them together at the clubhouse.
Once in the clubhouse, residents have access
to the hotel F&B outlets, further providing
horizontal connectivity and mixed program
use in the Conservatory.

Figure 3. Raffles City Chongqing overall (Source: Safdie Architects)
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Figure 4. Tower and Conservatory program distribution diagram (Source: Safdie Architects)

B4 KERERTENMER (kK

B, WASEIEEE (T1256)  SEAE
(T3N) « A (T4N, T4S, T3S) .
BIERNAE (T4S) FLBEME (T4N) o 7K
SEEEEMIPYEER, BRNEET I\

FEEZRE RN EE (B3, 4) o

INE SHERCAIAM, BRMEER
FB1J800,000FK, FELAHMIRARIRG S
™, ATHBIEFERK, 7J<E|Eaf77ff“i:ﬁ’ﬁ
F. MEFEEREAHNSE. BERE
FRINEESAT. BIERENEINEE,
BRXEESTENMNZETE— 2
HERE, FEEELNER, XERRE
R T KB EMFRNIZ LT,

7}<aaF A BB ETE S M EIRNAIER)
WEBESE—R, SFHNHFMEBE.

ttizl] BEIER R R TER AN 20

. BET TSN AE BRI E K
*Dﬁgm%ﬁﬁ%ﬂ SBIERNEEEIRBEEN
BTREEER4S (K GRERTRIIEE
Bgr—) . Bt BAPBEEENOK
2. BANKRBXIREEKRENRA, B
B AR 7R K R AR B T K RIS
EILMERE (BE4AN) B NEE, A

R ERBEFINESA

IR BT R %R B,
RIEDNREE K, T HEKRBANIRE T

SRR, D EERERRAMN
. PRMAYETRIRNE FIET SO IR
BERIT. AL, BFKREFRE R E
B=E, XAEAEEEEREREKER
W, SEEREMEIA S E AU ET
= EEEA.

BR, BESTEAERETE— 8
KER, FESFER—MEYREIT
ﬁzﬂ] BEETIRERE N URBS N ERD
ZEIN. FRAEAT T REIRTIER,

A& ES—HN==EEBLE. =
e TR M EEMIRIA S, EJZEEWTF
thlEl9T3SERE, AAT1256\ F@FS
FTEEERAT; B, TINSEEE
Bl E AT DB ENR R, EtR IR, K
REER T AR SR, BRI AFT
BEelRBE—R. BAEFRE, T7T
MERNEEEMNXAE, BrUH—F58
K BB E D SR E.

KRBT R BN Z AL AT
B ETNEEREEEAIR,

=E, #2E
FREOHE

586 Social Considerations | Tt E &



Figure 5. Conservatory structure diagram (Source: Safdie Architects)
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The Conservatory functions as a container for
individual programs, as a bridge that connects
the various mixed uses of the towers, as well
as a horizontal city in the sky allowing for

its own programs to intermingle and mix.
Once established as a vital programmatic
requirement and fundamental linchpin for
the project, the technological and logistical
hurdles for creating a horizontal tower in the
sky need to be addressed.

Structure

The first issue was how to structure the 280m
long Conservatory as it links the six towers.
The support system and framing concept
had to be carefully analyzed to ensure that

it was efficient in its design, and was not

too onerous on the buildings supporting it.
The key constraint was the vast differential
movements between the six towers,
particularly under seismic events. The city of
Chongging is in an active seismic zone, which
posed a far greater challenge than the SkyPark
in Singapore. Turning to our engineering
partners at Arup, the team endeavored to
create an innovative structural concept to
solve this key constraint (Figures 5 & 6).

The breakthrough occurred in conceiving
the Conservatory as an individual structure.
Unlike the SkyPark that constituted two
structural bridges linking three towers,
with a large cantilevered structure at one
end, the Conservatory would be one rigid
element, simply supported by four of the
towers. This allows the Conservatory to
avoid having the massive movement joints

that would have been required had a similar
concept as SkyPark been pursued. Under

the design requirement for a Level 3 seismic
event, the differential movement between
the towers was upwards of +/- 3m in the
Xand Y dimensions, thus the concept of
bridging between towers became untenable.
However, by creating a rigid whole supported
by the four towers, the support members
were required to cater for the huge differential
movements of the towers. Arup proposed
massive friction pendulum bearings that sit
on top of the tower roofs to receive the main
structural supports from the Conservatory.
The bearings allow for the rigid Conservatory
to move atop of the towers as if on ball
bearings, while the four towers sway in
various directions. At the same time, these

=i, HESRSTIRERIEAT
RY, TEEEA. AR T RSB E AR
‘iR, WIMEREHZERENER
5, BETREFTBHER R =hEmE
RV ANIEEERL.

L2

FE—PEAE, MRS ER EEER
280K KIKERERIT? AR RY SR AANIE
SIS LEL], UBRRIRIT R
KT, FEASNIEERNEIERT
KR8, KENFIZARZEREEEZ
EXRNERUEAE, THESER AL
EMER. ERMUTERAHES,
TLEI B E i LRI s e I E &
REYkEL. ETIARGIFA RN TIZM
PIRERMENT, IEENBEEERE
B BT HVZE R T AR AR R X K 2T
mE (E5. 6) .

15 B HYZRAE = A2 TR 7K BB — R
RGN, FIRE=REEIE, 1A
BRI R e = AR, HHE—ImiR
BT EREHENS, MXRAERZ, K
B IEA—TRIMTTER, (XIS
. DR, AIDAB SR Ak R BT
LIREERNTH . MUIRRAES=

LIRS, B ARV 42 PlEE

P. IRFE=FHEIRTENR, BEEZ[E

HERMHMBEREREXY T3 LAY
+= 3K, RS BIREEETR

HIBER AT SE2 A AT, AT, BEIEHR
POEEERESZHINIME RN SN, SR
IR E ANER U ERK, B
RN, EEEETNRERARIEEE
UK, DAEKSREIRNER B TSR
i, YPUEEREA BRI [EERER

FHEE T RIRMA LB, UM
KRB E AN LS I £ 5780,
SItERS, XLESAEME N SIEERN

Figure 6. Conservatory truss arrangement diagram (Source: Safdie Architects)
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bearings, as well as dampers within the
support structure, help to restrict the towers
differential movements. The bearings sit
on huge steel reinforced concrete beams
that span from the towers'structural core
out to a deep perimeter beam at the top of
the four towers. This distributes the load of
the Conservatory, transferring and sharing
it equally into the perimeter columns and
core, thus keeping the tower’s structure to
reasonable member sizes.

’

Although the differential movement between
tower and Conservatory support members
can be catered by the friction pendulum
bearings, the issue of where the tower itself
interacts with the Conservatory still remained.
The four lift shafts serving the Conservatory
are part of the towers'structure. As such,
around each of the lift shafts, there is a
movement joint of reasonable size that caters
for the day-to-day differential movements

of approximately +/- 100mm. In addition,
the slab edge surrounding the shafts is
conceived as a‘crumple”zone, designed to
be sacrificial in case of a catastrophic seismic
event. A similar concept is used for the link
bridges that connect to T3N and T4N. The
bridge structures are designed as cantilevered
members from the Conservatory and thus
move with the Conservatory. A reasonably
sized movement joint of +/-300mm is located
at the interface between the bridge and
tower, with a 1.5m sacrificial crumple zone
designed into the end of the bridge to cater
for a Level 3 seismic event.

The design for this 280m long structure has
three 5m deep longitudinal trusses spanning
the full length, which are supported on the
friction pendulum bearings atop the four
towers. Bracing these three trusses together
are transverse trusses spaced every 3-5m,
which are shaped per the elliptical profile of
the Conservatory. This arrangement allows
for the utilization of the structural zone of
the Conservatory, with two zones of space to
be occupied between the three longitudinal
trusses. The northern side comprises MEP
rooms and a service corridor that links the
towers'service lifts and provides a support
conduit at the level below the main deck. On
the south side, there are more MEP rooms as
well as a long refuge corridor that is the main
life safety link between the Conservatory and
towers. The main deck of the Conservatory
is located 2m above the top of the trusses

on a raised floor, which provides depth for
swimming pools, landscape planters, and MEP
distribution runs.

In all, the structural design for the
Conservatory was one of invention and

ingenuity. Unlike the soaring skyscrapers that
have evolved over the past century and have
well established structural means, methods,
and metrics to work from, the Conservatory
required new thinking at the basic concept
level. The structural solutions developed will
serve as a meaningful precedent for future
horizontal towers, as it provides an efficient
and flexible construct from which to work.

Super-Structure and Enclosure

As innovative and exciting as the structural
design is, it only comprises the bottom half of
the elliptically shaped Conservatory. For the
top of half the Conservatory, the design team
needed to consider the most compelling
structural and architectural method to span
32m across the Conservatory and provide a
conditioned, comfortable, and soaring space.
A key distinction of the Conservatory as an
evolution from SkyPark is that the majority

of this horizontal tower needed to be fully
enclosed. Where the SkyPark in Singapore

is truly a park in the sky, the Conservatory is
required to be a conditioned and enclosed
space due to the less than ideal climate

of Chongging. However, just because the
space needed to be enclosed, as its name
suggested, the concept for the Conservatory
was to create a rich landscaped space, with
clear views across the city, river valleys, and
nighttime sky. The driving design factor
became the best way to create an enclosure
that maintained maximum visual clarity with
an expressive architectural character.

The first design concept was to investigate
the use of a space frame structure. The
rationale for the space frame concept was
twofold: it allows for for the lightest weight
structure and glazing concept to preserve

the garden in the sky interior, while providing
the needed conditioned space enclosure.
Additionally, the elliptical shaped profile of
the Conservatory creates an outward thrust
force, which made an arch structural concept
highly inefficient. As a starting point the
geodesic dome designs of Buckminster

Fuller were studied extensively and one
concept was zeroed in on, to use two layers
of hexagonal shapes with tension ties
coalescing at the center, creating the lightest
and clearest structural construct. As the spans
across the hexagon were far too great for
cladding, a secondary aluminum structure of
six triangular canted planes was created to
complete the enclosure. The canted structure
was efficient, and created a tessellated
triangulate surface that allowed for alternating
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Figure 7. Detail of hexagonal structure of conservatory (Source: Safdie Architects)
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Figure 8. Conservatory section and elevations (Source: Safdie Architects)
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planes of glass and aluminum to create a high
performing enclosure (Figure 7).

A key design fundamental at Safdie Architects
is inherent buildability. It is at the forefront

of our design process, with the building
design evolving per many influences such as
structure, construction methods, program,
environmental comfort, and user experience.
As the design team investigated further, there
were a few key issues with the space frame
concept that prompted its re-thinking. A lack
of local building expertise with space frame
designs and concerns of stitching together
many members at 250m were the key issues
that that led to reevaluation of the basic
premise. As the cross-sectional shape of

the Conservatory was not structurally ideal,
we responded by re-shaping the top half

of the Conservatory to be a simple arc, thus
alleviating the structural penalty. To span

the revised arc shape, a series of concertina
shaped trusses march along and are collected
at a perimeter beam member that transfers
the loads into the main structure below. Thus
a simple, elegant and consistent grid can be

set out, independent of the main structural
grid below. Once again, through exploration
of the optimal structure and buildability
methods, it was determined that by opening
up the angle of the concertina truss from 90
110 degrees, the savings of the number
of trusses and the reduced enclosure area
outweighed the structural penalty of a less
efficient truss. Additionally, as the trusses
themselves could be lifted in three segments
and welded together on site, the steel cords
could be rolled at the proper radius without
undue cost or complexity. This proved
important, as the optimal glazing system was
a segmented and rectilinear design. The result
is that from the interior, the curved structural
trusses soar overhead, and from the exterior,
the simple glazing modulations complement
the form of the enclosure.

Through extensive investigation, invention,
and exploration into the inherent optimal
buildability of the Conservatory super-
structure and enclosure, a design evolved
that is appropriate for the use type and is an
elegant expression of its ideals (Figure 8).
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Figure 9. Conservatory mullion pattern diagram (Source: Safdie Architects)
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Life Safety and Planning

As the design for the main structural system
and enclosure evolved, there were a series
of logistical hurdles created by working on a
new building typology (Figures 9 & 10). At
the forefront of these challenges are issues
of life safety, egress, and a building code
not yet equipped to deal with this building
type. Taken at face value, the fire and life
safety codes would have meant that the
Conservatory would have created an undue
burden on the rest of the project.

The largest issue was the requirement that
the Conservatory population be counted
toward the egress requirement in the
supporting towers. Since the Conservatory
would constitute the largest floor plate and
population size for each tower, every egress
stair and fire-safety lift requirement would
need to be sized off of it. When calculated,
the impact on the tower egress stair sizes
would have required that they be tripled. As
the slender towers of the project were already
less then optimally efficient, this impact
could not be absorbed. Hence an alternative
approach was needed.

Local code requires the use of refuge floors

in high-rise buildings, such that all egress
stairs must be interrupted at maximum
increments of 15 floors. At the refuge floor,
occupants must circulate through the floor
and transfer back into an egress stair. This
presented an opportunity, in that it was

quite easy to establish the required number
of egress stairs and width to safely bring the
occupants down one level to a refuge zone in
the Conservatory’s structural zone. Thus, by
creating a large continuous refuge zone, the
occupants would be safe while transferring
into the towers egress stairs to continue their
exit. Through the use of egress simulation
software, project engineers were able to
model maximum allowable occupancy for the

Figure 10. Sunshade and frit diagram (Source: Safdie Architects)
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Conservatory that would not impact the size
of the tower’s egress stairs. It was determined
that the total maximum occupancy for the
Conservatory would be 1,800 people,

which when analyzed for programmatic
needs, was acceptable.

As egress simulation is not routinely accepted
by fire and life safety code officials, and
because the building typology was such

a unique case, it was decided to request a
formal national fire safety bureau review.

The conclusion of that process was that the
concept of bringing all occupants of multiple
fire-compartments down to one refuge

zone and transfer to the towers'egress cores
was accepted.

As a whole, the major challenges of egress
and life-safety became a fundamental

driver of the planning for the spaces in the
Conservatory. Through a mixture of invention
and review process, the Conservatory was
able to seamlessly integrate with the rest of
the project.

Fire and life safety codes have evolved along
with the development of the high-rise over
many decades, and they will need to continue
to evolve with the design inventions that are
created as a response to dense urbanism. As
these inventions and new building typologies
are created, design teams will need to think
creatively and work hand-in-hand with safety
officials to ensure that the highest standards
are maintained and applied appropriately.

Comfort and Placemaking

The design for the enclosure and interior
spaces within the Conservatory presented a
unique challenge of developing a blend of
comfort and efficiency, while maintaining
an open and light filled space. The main
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drivers are the occupants’ comfort levels, the
provisions required for a rich landscaped
planting environment, and the efficiencies
needed to maintain a sustainable design and
operating cost.

The design responded through a multi-
tiered concept, starting with the enclosure.
The glazing of the enclosure is made up

of insulated double glazed unit with low-e
coating. Additionally, a 50% frit is applied

to the glazing, starting at the apex of the
enclosure and graduating down to 20%, 7m
from the main floor. Lastly, an insulated metal
panel replaces the glazing on the west facing
side of the concertina truss. This allows for
optimal views out, while blocking a great deal
of solar gain from overhead. It also creates a
unique character to the interior of the spaces.
When looking to the west, the roof overhead
appears as fully opaque, but when looking to
the east, appears as a full skylight (Figures 11).

Inside the enclosure additional steps are taken
to maintain the comfort and efficiency of the
building. Large deployable sunshades are
fixed on the concertina steel at two different
levels within the space. The sunshade rollers
span between the bottom cords of the trusses
and are released with counterweights pulling
down, which deploy the sunshade that takes
on a beautiful parabolic shape. Using two
levels of shades, the south facing side of the
Conservatory can be covered during the day.
These sunshades provide protection against
solar glare during the afternoon, and when
retracted during the morning and evening
hours allow for enough solar radiation for the
vegetation needs.

As per its namesake, the Conservatory’s main
interior features are trees and plantings.
Unifying many different types of spaces and
uses across the Conservatory, the landscape
becomes a rich tapestry that blends with
the interior design of the spaces. The types
of the planting and trees respond to both
the use type as well as the environment.
Local species are used at the open air ends
of the Conservatory, tropical species in

the clubhouse pool and garden areas, and

a few variations of plantings unify both

the hotel lobby and F&B outlets. The
landscape also provides shading and fresh air,
aiding in providing a comfortable and stable
interior environment.

The development of the interior design and
architecture of the Conservatory has also
created the ability to create smaller micro-
climates. Common to many of the program
spaces, small pavilion-like structures evolve
under the larger roof enclosure. These interior
spaces allow for their climate, lighting, and

Figure 11.View of conservatory F&B (Source: Safdie Architects)
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interiors to be isolated from the greater
whole, further creating comfortable and
efficient interior environments. Across the
Conservatory, these pavilions create their
own spaces and circulation patterns. One
journeys from soaring expansive areas into
smaller more intimate environments, as the
building is discovered. In many respects, the
Conservatory becomes its own cityscape in
the sky (Figures 12).

Conclusion

The Conservatory is representative of a new
building type, spawned from dense urban
environments. As a pioneering concept
derived from requirements of increased
density, the Conservatory is one example

of a new typology. Further evolution of this
typology will undoubtedly unfold, perhaps
integrating itself across multiple projects and
sites, and creating a true three-dimensional
matrix of our urban fabric. One could imagine
a day when these horizontal structures do
not just sit atop buildings, but pierce through
and weave around them. Whatever type of
iterations evolve, what is evident is that the
challenges of their design and appropriate
design solutions will represent a new chapter
in the development of building practices.
One day, in addition to tracking tall buildings,
the CTBUH may need to develop new metrics
to monitor and measure the success of these
new structures.

Figure 12.View of conservatory pool (Source: Safdie Architects)
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