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Abstract | B E

Nimit Langsuan Residences project, located in Bangkok, Thailand, is a 210-meter-tall high end
residential with over 50,000 square meters of accommodation. The tower will be unique in the
Bangkok landscape and is characterized by a three-dimensional curved glass facade. These 3D
curved glass elements form a repeating grillage on the building envelope and are highlighted by
a corner treatment where the structural design is integrated with the concept to provide structure
free views of the city. The drama of the corner treatment is enhanced further by the transparent
columns of curved glass which span from the podium level over 40 stories to the crown of the
building.

This paper explores the development of the High Performance High-Rise design philosophy and
technical challenges of this ground-breaking integration between engineering and architecture.
This paper describes the key techniques and strategies to improve the comfort of the inhabitants
and quality of the space.

Keywords: BIM, Curved Glass, Facade, High-Performance, High-Rise, Seismic
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High Performance High-Rise SitERERRA

Urbanization is one of the most prominent WMt EEREFAENREEEE Y
megatrends that drive the global economyas  —, BEEEEATNEEF A UNEINE
well as shaping the way we live and impacting ~ ¥8.  MIFZHEE KT AEE & RIEH
the environment. This drive of densification T, FEEESENS TN TAZIW,

of our urban areas from cities to megacitiesis ~ ZRM NIRITHAFRRRFTZE, MMEER
certain to continue and creates challenges for  f@FFASE TET B A RIELD .

today's designers and engineers to develop
systems and solutions that will positively
influence the evolution of our living and
work spaces.
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The increased population in our cities is B, “oMEREERMNES BT SR
driving our housing and accommodation to w=EHK,  MMESRERME, EE
go taller, but tall alone is no longer enough REHeERsSERNEERE" (R
to meet the demands for quality of spaceand &, 2005£)

environment for occupants. The new market
driver beyond just taller is tall coupled with
"High Performance! A"High Performance
Building is a building that integrates and
optimizes the major components to provide
superior space planning, energy efficiency, Nimit Langsuan 7E5RESAE— 5
life-cycle performance and improved quality MNBEARBMEMNINE, AN °

of life for the inhabitants” (Department of SR BFAVERITITT.  Nimit
Energy, 2005). LangsuanfI Sl =IMYER T BE
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Nimit Langsuan

Nimit Langsuan is a new ground-breaking
project in Bangkok, Thailand that seeks to set
a new benchmark for “High Performance”in
building systems. The performance strategy
for Nimit Langsuan is more than just the
implementation of renewable technologies,
it is focused on a holistic strategy to create a
building which improves quality of life for the
occupants in a cost effective manner to deliver
added value for the buyer as well as the seller.
This paper describes the options studies

and the strategies employed for the Nimit
Langsuan tower to define a new typology of
High Performance High-Rise in Asia.

The Nimit Langsuan tower is a 55-story (210m
tall) luxury apartment building adjacent to
Langsuan Road, in the historic residential
neighborhood adjacent to Lumpini Park,

one of the most prominent green spaces in
Bangkok. The building is appropriately named
Nimit, which in the Thai language is translated
as intuition or premonition which speaks

to the goals of PACE Development, realized
by the architect by employing cutting edge
design and engineering techniques (Figure 1).

High Performance through Integration

The key to developing high performance in
tall buildings is integration of design and a
clear and tested implementation strategy that
is formulated to succeed in the local context.
Design integration is about developing a
philosophy and a set of criteria that improves
the quality of the internal and external spaces
of the development as well as the way it

Figure 1. Nimit Langsuan (Source: PACE)
E1. BB (RJR: PACE)

interacts with the larger city environment.
True high performance can only be achieved
through multi-disciplinary thinking and
collaboration to ensure all of the building’s
design elements and systems are optimized
for the project goals.

Architecture

The starting point for all great buildings

is a strong and clear architectural vision.
Good architecture creates space and an
environment that is functional, inspiring

and thought provoking, and therefore is a
necessary component for high performance.
Truly high performance buildings include
architectural language that provides an
appropriate response to the local context
and environment.

Nimit Langsuan employs several techniques
to create the architectural concept. The most
prominent of the techniques is in the facade
treatment, which while at a distance creates

a simple grillage on the building envelope;
closer inspection reveals that elements of the
grillage are constructed using transparent
three-dimensional curved elements. The
facade includes 3D curved glass on a size and
scale that is unique in high-rise buildings. This
unique architectural statement and the way it
has been utilized is a key element of the high
performance strategy for Nimit Langsuan.

The architectural design then takes the
concept of transparency a step further

and illustrates how design integration can
strengthen the overall architectural concept.
To punctuate and enhance the effect of

the 3D vertical curved facade elements

the building structure has been eliminated
from the corners of the tower. This provides
inhabitants with unobstructed views of the
Bangkok skyline from the main apartment
living space, highlighted only by the
transparent 3D curved column at the corners
(Figure 2).

Figure 2. 3D curved glass corner columns (Source: PACE)
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Figure 3. Nimit Greenhouse (Source: PACE)
B3 BXEBZE (KE: PACE)

Successful tall buildings also place close
attention on the interface with the ground
plane. The architectural concept for Nimit
Langsuan also includes a feature Greenhouse
structure that will create a garden sanctuary in
the middle of Bangkok which will be a unique
element of public space and enhance the
sense of arrival to the ground floor (Figure 3).

Structural Frame

High-rise buildings are defined by the
structural frame and while high performance
materials like high-strength concrete and
composite elements have been in use for
decades, the High Performance Structural
philosophy for Nimit Langsuan is developed
to use conventional building technology

in innovative ways. The key driver for the
structure is of course safety and comfort for
the occupants with a close eye on the impact
of the structure on the net to gross ratio for
sellable area. This philosophy ensured to the
performance of the frame structurally and

to maximize the return on investment for
Pace Development.

The structural design of the Nimit Langsuan
Residences is comprised of reinforced
concrete (RC) with floor plates designed as
thin flat light-weight reinforced concrete slabs
with local post-tensioning where required to
meet deflection criteria. On the perimeter of
the floor plate a post-tensioned reinforced
concrete ring beam supports the corner
cantilevers and enables the corner views.
Lateral forces are resisted by a dual system
which utilizes the central core of the tower
and additional shear walls strategically placed
in the floor plate.

The building includes a two-story basement
under the main tower footprint and
adjacent to it below the feature greenhouse.
The basement will be constructed using
diaphragm walls to limit the ground
movement on the adjacent structures in the
neighborhood. The tower section will be
supported on a deep reinforced concrete
raft on 1500mm diameter bored piles. The
basement will be supported on smaller
600mm diameter piles located directly under
the basement columns.

Vertical Elements

The vertical elements of the tower are banded
into structural zones to balance efficiency and
simplicity of construction with maximizing the
sellable areas. Column dimensions decrease

in each zone as gravity loading and required
stiffness for lateral performance decrease.

At the lower levels composite steel columns
have been introduced to minimize the
column footprints.

The structural zones have also been optimized
with the unit mix to allow flexibility to change
or modify the distribution of unit types to
maximize the sales price.

Floor Plates

In high-rises, the floor plate contributes by
element the largest volume of structural
material. For high performance buildings
close attention must be paid to the column
arrangement and slab properties. For Nimit
Langsuan optimization of the structural

slab led to a reduction of the floor-to-floor
dimension, which allowed the addition of two
more levels of sellable apartments.

As stated previously the floor plates are
designed as thin, flat light-weight reinforced
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concrete slabs with localized post-tensioning
strands in the longer spans. The vertical
structure of the residential floor plates reduces
as the building increases in height, which
requires longer spans in the upper floors than
the lower floors.

The key structural driver was for integration
with the architectural themes, which was
primarily to enable the corner views and
provide support to the 40-story curved

glass columns that dominate the elevation.
After an exhausting optioning process,

the final solution is a post-tensioned ring
beam which cantilevers over 6 meters at the
corners. The curved glass elements, although
strengthened and toughened, require tight
control of movements in the structural frame.
The floor plate slabs and perimeter beams
were designed using non-linear analysis to
estimate the long-term deflections and effects
on the curved glass elements (Figure 4).

Podium Transfer

In high-rise buildings, good structural practice
dictates aligning the vertical structure in the
building all the way to ground. The challenge
for most tall buildings comes when there is a
change of use throughout the elevation of the
tower. This change of use typically requires

a different structural grid to optimize the
efficiency of the floor plates.

Nimit Langsuan is no exception to this trend,
where the compact site requires 10 podium
parking floors stacked below the 40+ floors
of high-end residential. The two uses require
different column arrangements, which led

to development of a transfer structure at

the top of the podium. Several options were
considered during development of the
transfer structure including story deep shear
walls, inclined concrete columns, and steel
trusses. Final selection of the transfer structure
was made in consultation with the contractor

Figure 4. Floor plate deflection control (Source: PACE)

B4 #iREERS (KR PACE)

which recommended a conventional flat
concrete slab and beam arrangement.
While this conventional flat plate solution
is over 1.5m deep in some locations, it was
still selected to simplify the construction
(Figure 5).

Lateral Force Resisting System

Nimit Langsuan, located in Bangkok, is
subject to moderate earthquake and
wind forces which make lateral forces
one of the governing loads for sizing the
vertical structure.

The Thai codified wind load values are
designed to predict the pressures for standard
size buildings with simple geometry. The
Nimit Langsuan tower does not conform

to the limits of the code and a site specific
approach is required. Therefore, wind

tunnel testing was employed during

design development to study the wind
movement around the site and the proposed
building volumes.

The proposed LFRS for the Nimit Langsuan
Tower is a dual system, with the lateral forces
resisted primarily by the central reinforced
concrete cores and shear walls, which

house the vertical circulation and service
distribution of the building. Walls which form
the architectural premises in the apartments
are also mobilized to form part of this primary
system. The secondary system, which resists
lateral forces, is a frame comprised of the
perimeter ring beam.

Another key high performance strategy that
was studied was the opportunity to utilize
the water tanks in the upper technical floors
as a sloshing damper. This design integration
technique effectively makes the water tanks
function as a mass damper for the tower. By
specifying the size and shape of the tank, the
water used as part of the building services

1B
EENSEERESRITREHE SIE
HEMEBNEZIMEX T T K
SHSERFY), KRB TBIMEEE
TESEBENREMNEL. XMINEE
BEFENEREEH B ERE

RE,
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TEWHEHE, IUEEEEESNER
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2, ZERTEESKESSNEE,
RER T AT N SRR .
MR T AMINE ENREEREERE
SRR TEIRAERRR, BRTE—LEXI
TE1SKERRR, EX—EFRBAT
ZNnEUELET (B5) .
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Figure 5. Podium transfer and technical level (Source: PACE)
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Figure 6. Nimit Langsuan roof crown (Source: PACE)
&l6. BKBAX (Nimit Langsuan) TRE
(3RJR: PACE)

system can be used to increase damping and
reduce the building response of the wind and
seismic loads (Figure 6).

Envelope

High performance high-rise buildings have

a keen focus on the performance of the
envelope, which controls the amount of
natural light and climate inside the space.
The envelope also serves as an important
opportunity to define the character of the
building and become a way-finding element
for the cityscape.

As stated previously, the facade is the key
architectural statement for Nimit Langsuan
and is characterized by the 3D transparent
facade treatment made of curved and double
curved glass profiles. The curved elements are
arranged in a repeating grid for the full height
of the residential portion of the tower which
covers over 40 stories of the 52-story tower.
This creates a unique treatment that reveals
itself and changes in detail and relief as the
viewer approaches the tower (Figure 7).

Facade Systems

While the design team went to great lengths
to create a unique facade treatment with the
OMEGA elements, an equal amount of effort
was given to the other facade elements to
produce the high performance system.

The proposed design offers repetition and
economy of scale, and the proposal is to
adopt a unitized curtain walling system where
possible for the east and west elevations.

The unitized system will be produced offsite
and provide a high quality and cost effective
solution to almost 50% of the glazed areas.

The balcony areas on the north and south
elevations are developed as a stick system
to facilitate the installation of the sliding
glass doors.

Glare mitigation and solar control

The facade was designed to control glare
and manage solar gain inside the units.
External shading devices are not suitable
with the current architectural philosophy
for the project; therefore, high performance
(selective) coatings are necessary on the
double glazing units to avoid overheating
of the internal environment and reach the
required solar performance.

Thermal Comfort

Temperatures in Bangkok are in the range
of Tmin=15°C (in winter) to Tmax=38.5°C (in
summer). Again, double glazed units with
high performance coating and filled with
air were selected to provide the thermal
insulation and support thermal comfort for
the internal environment.

3D Curved Glass

Nimit Langsuan is characterized by its use
of three-dimensional curved glass. Three-
dimensional curved glass is a building
material which while new to the Thai market
has been utilized with success on other
projects around the world. To realize the
design for this project the team conducted a
detailed precedent study of other buildings
that have successfully utilized curved glass.
The following projects were considered as
precedents for study to realize and engineer
the architectural intent.

40 Bond Street

As suggested by its name, the building is
located at 40 Bond Street in the North of
Houston district in New York, United States,
and it is the first luxury residential project by
Herzog & de Meuron and Handel Architects.
The curved glass of varying thicknesses is
used to crown the decorative steel plate
that covers the support frame, giving off a
reflective finish.

Casa da Musica
Casa da Musica, also known as the “shoe box”
concert hall, is located in Porto, Portugal,

THENNEEA R DB AN T XADH R
AmaR. (E6) .

B
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MEEMMSHIE B SR X40EHI90
UH. XAMNEEELEENTIRRCNST
MWRFRFH I MRS REN

(E7) »
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Figure 7. Nimit Langsuan facade (Source: PACE)
E7. BB (Nimit Langsuan) 4%
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Figure 8. 3D Glass Precedents — 40 Bond Street (Source: Dirk Verwoerd Architectuur fotografie) Casa da Musica (Source: Zahner) MAS Antwerp (Source: Glass Effects)
8. SDHIRSEH — 403B#EH (R Dirk Verwoerd Architectuur fotografie) £FE8 £ (R Zahner) Z4FDEMAS (R Glass Effects)

designed by OMA and Rem Koolhaas. Here,
the facade is made out of curved glass
which was designed as a key part of the
acoustic strategy.

The Museum Aan De Stroom (MAS)
Antwerp

The Museum Aan De Stroom is a museum
located in the Eilandje district of Antwerp,
Belgium, shaped as stacked boxes designed
by Neutelings Riedijk Architects. The curved
glass creates slices through the stacked boxes
and texture and reliefs to the views inside and
outside the museum (Figure 8).

OMEGA Elements

The shapes of the curved elements resemble
the Greek letter omega and have been
appropriately named the OMEGA profiles by
the architect.

The OMEGA elements are composed of
curved glass. Alternative elements are being
considered for the horizontal elements
which include stainless steel with a bespoke
finish to match the clear amber color of the
glass elements.

The OMEGA elements are double curved
with a depth of 700mm and overall width

of 1100mm. The glass elements are curved
using the heat bending process and will
include a polyvinyl butyral (PVB) interlayer,
and are chemically tempered to increase the
toughness and improve safety.

The team has conducted a detailed
prototyping process with several suppliers to
develop the design and ensure the feasibility
of the OMEGA facade elements (Figure 9).

Building Services

Modern high-rise buildings include a complex
network of mechanical and electrical systems
to service the inhabitants. To achieve high
performance these systems must also be
designed in an integrated way to improve the

SDHHEIR
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Figure 9. OMEGA element prototype (Source: PACE)
El9. OMEGATTREREL (E)R: PACE)
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internal environment for the inhabitants. For
Nimit Langsuan, integration of the building
services and building systems into the
architecture and structure was one of the key
points of success in the design strategy.

Self-Contained Apartment

One of the high performance design
strategies employed at Nimit Langsuan is

the concept of self-contained apartment.

This concept means that each apartment

is designed so that all elements of the
apartment including mechanical, electrical
and drainage services are distributed between
the floor and roof slabs.

The common practice in Thailand is to drop
drainage elements through the apartment
floor slab into the ceiling zone of the
apartment below. While this creates obvious
potential problems of leaks and maintenance
it also adds to the complexity for coordination
of the services which leads to an increased
services distribution zone. For Nimit Langsuan,
the team implemented a strategy which

is common in some European markets

where the drainage distribution is above the
structural slab and contained in the floor
finishes build-up. Several floor finish build-
ups were considered with the recommended
proposal being a dual layer concrete screed
composed of aerated concrete and normal
structural screed (Figure 10).

Horizontal Distribution

This self-contained apartment strategy
enabled the optimization and simplification of
the horizontal distribution in the ceiling zone.

From the main vertical service risers,
mechanical and electrical services are
distributed horizontally to each apartment.
The proposed strategy includes the
conventional approach of routing services
within the ceiling void of the core area to each
apartment. Upon entering the apartments,
we propose a zoned approach for distribution
and location of the services which limits the
services void to 250mm in the living areas
while providing 600mm in back of house
areas such as bathrooms and corridors. Using
this zoned approach, the main distribution
will be limited to a maximum 150mm duct/
pipe size with service crossovers being limited
to the back of house zones.

This zoned approach enabled the design
team to achieve the client’s requirement

of a 3000mm clear floor to ceiling height

in the main living areas which have been
coordinated with the architectural floor plans
and sections (Figure 11).

Figure 10. Self-contained apartment (Source: PACE)
E10. BMIUAE (KR PACE)

Figure 11. Building services horizontal distribution zoning (Source: PACE)
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Figure 12. Nimit Langsuan BIM (Source: PACE)

E12. EXBA(Nimit Langsuan)2HEEREL (KR PACE)

Environmental System

Bangkok is a vibrant city but its climate
during certain months of the year and level
of traffic can lead to high temperatures with
high levels of air pollution. This is a common
challenge in large Asian cities and was a key
influence in development the environmental
systems strategy for Nimit Langsuan. High
performance for the environment systems
means control of the temperature and
improvement of the air quality for the
internal environment.

For Nimit Langsuan the building services
design is based on a centralized approach
which places the majority of the plant in
dedicated technical zones in the building. This
approach limits the amount of equipment
required inside the apartments and also
provides benefits related to maintenance and
energy usage.

The cooling system strategy is new for the
Thai residential market, where a centralized
Water Cooled Variable Refrigerant Volume
(VRV — W) system was selected. The system
uses a closed loop cooling water distribution
system providing cool water to remove

the heat (via roof top cooling towers) from
each of the indoor condenser units in the

apartment. The indoor condenser units in
each apartment provide individual control
and operation for each apartment unit
which is important in the Thai market. The
main benefits of the cooling system is not
only limited to the efficiency but the closed
loop design with centralized cooling towers
eliminating the need for external units, which
is a common feature on residential balconies
in Asia. This design strategy integrates the
cooling strategy with the envelope to provide
unobstructed views of the facade.

BIM

Nimit Langsuan is a success story in design
integration with one of the primary enablers
being the use of the building information
model (BIM) environment. For Nimit, the
level of detailing is set to minimize on-site
coordination and allow optimization of the
building floor plate. Over 50 models have
been created and represent all the main
building systems including architecture,
structure, building services, envelope and
interiors. This comprehensive BIM approach is
a requirement to achieve the level of design
optimization for the project (Figure 12).
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