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May/June 2009 Profile No 199

Energies: New Material Boundaries
Guest-edited by Sean Lally

At present, material energies — that is, thermal variation, air velocity, spectrums of light and electricity —

remain a largely untapped source of innovation and inspiration for architects. Commonly relegated to

the production of ambience — ‘moods’ or ‘effects’ — energies tend to be explored, in a design context, as

preconceived, rule-of-thumb interior comfort zones or as a set of measurables for determining ‘energy-

efficient’ buildings. Energies looks at ways of elevating these materials from their dependence on sur-

faces and services, and in so doing, deploying them as building materials in themselves, thus redefining

our physical boundaries through a wholly new means of spatial organisation.

e The publication propels ‘material energies’ forward as the catalyst for design innovation focused on
creating new physical boundaries and thresholds.

e The issue cuts across and engages multiple disciplines and scales including architecture, landscape
architecture and urban design.

e Contributors include Michelle Addington, AMID (Cero 9), Petra Blaisse, Penelope Dean, David Gissen,
Pierre Huyghe, An Te Liu, Mathieu Lehanneur, Zbigniew Oksiuta, Philippe Rahm and WEATHERS.

July/August 2009 Profile No 200
Digital Cities
Guest-edited by Neil Leach

What is the impact of digital technologies on the design and analysis of cities? For the last 15 years,

the profound impact of computer-aided techniques on architecture has been well charted. From the

use of standard drafting packages to the more experimental use of generative design tools and para-

metric modelling, digital technologies have come to play a major role in architectural production. But

how are they helping architects and designers to operate at the urban scale? And how might they be

changing the way in which we perceive and understand our cities?

e Features some of the world’s leading experimental practices, such as Zaha Hadid Architects,
R&Sie(n), Biothing and Xefirotarch.

e Takes in exciting emerging practices, such as moh architects, LAVA, kokkugia and THEVERYMANY,
and work by students at some of the most progressive schools, such as the AA, RMIT and SCI-Arc.

e Contributors include: Michael Batty, Benjamin Bratton, Alain Chiaradia, Manuel DelLanda, Vicente
Guallart and Peter Trummer.

September/October 2009 Profile No 201
Architectures of the Near Future
Guest-edited by Nic Clear

In this highly pertinent issue, guest-editor Nic Clear questions received notions of the future. Are the

accepted norms of economic growth and expansion the only means by which society can develop and

prosper? Should the current economic crisis be making us call into question a future of unlimited

growth? Can this moment of crisis — economic, environmental and technological — enable us to make

more informed choices about the type of future that we want and can actually achieve? Architectures of

the Near Future offers a series of alternative voices, developing some of the neglected areas of contem-

porary urban life and original visions of what might be to come. Rather than providing simplistic and

seductive images of an intangible shiny future, it rocks the cosy world of architecture with polemical

blasts.

e Draws on topics as diverse as synthetic space, psychoanalysis, Postmodern geography, post-econom-
ics, cybernetics and developments in neurology.

¢ Includes an exploration of the work of JG Ballard.

e Features the work of Ben Nicholson.
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Closing the Gap

Architectural Design Information Models in Contemporary Design Practice
March/April 2009 Guest-edited by Richard Garber
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DATA DELUGE
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Head of Research and Innovation at OMA, forecasts how building
information modelling (BIM) will come into its own in the ‘Petabyte Age'
with the processing and analysis of massive amounts of data. P 22
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Helen Castle

In the last couple of years, building information modelling
(BIM) has been the subject of many professional guides and
books.! This is a reflection of the highly practical concerns that
face any firm considering the implementation of BIM
processes. For the adoption of BIM — ‘a single, intelligent,
virtual model’ that satisfies ‘all aspects of the design process’
(see Richard Garber’s full definition in his introduction on p 8)
requires a lot more than software training. It has far-reaching
implications on construction operations and management,
while its collaborative nature shifts conventional models of
business, contractual liability and risk taking. So why should
AD be concerned now with BIM?

BIM surpasses the nuts and bolts of practice. There is nothing
half-hearted about building information modelling. BIM ushers
in over-arching cultural and design changes: Dennis Shelden of
Gehry Technologies describes it as a paradigm shift (p 80); Urs
Gauchat regards it as a means by which architects can counter
years of marginalisation and reclaim their rightful position near
the top of the construction food chain (p 32); and Richard
Garber likens it to a profound change analogous to that which
architecture underwent in the Renaissance when master

builders became architects (p 88).

So why should this group of software products bring changes previously not
wrought in almost two decades of digitalisation? Coren Sharples, partner of
SHoP Architects in New York, makes the enlightening comparison between the
‘dumb’ walk-through that limited clients to visualising the form of a building
and BIM models that are embedded with constantly updated data that enable
clients, contractors and consultants to be empowered with ‘marketing, financial,
operations and life-cycle costings information’ (p 43). It is the very collaborative
nature of the data feedback through the modelling process with its potential to
inform and communicate that turns the tables on all existing systems.

All the contributors in this issue of AD are passionate advocators of BIM, but
not reservedly so. Just as BIM has the potential to rein back architects’ control
over the design process, it could also dilute their influence through
collaboration. Nat Oppenheimer of Robert Silman Associates structural
engineers, a self-styled ‘enthusiastic sceptic’, for instance, fears that
‘integration appears to be leading to oversimplified buildings’ (p 101). For
architects to truly take on the potential of BIM technologies, it has to be clear
that they have to be prepared to truly work in new ways and restructure practice
accordingly. This is exemplified by SHoP Architects who have used BIM not only
to enhance collaborative processes with contractors and consultants and to
keep their clients better informed with the type of data they require, but have
also set up their own construction management firm, SHoP Construction

Services, to further edge the design and delivery gap closer together.

Note

1. See, for instance: Dana K Smith and Michael Tardif, Building Information Modeling: A
Strategic Implementation Guide for Architects, Engineers, Constructors, and Real Estate
Asset Managers, ISBN: 978-0-470-25003-7, May 2009; Chuck Eastman, Paul Teicholz,
Rafael Sacks and Kathleen Liston, BIM Handbook: A Guide to Building Information
Modeling for Owners, Managers, Designers, Engineers and Contractors, ISBN: 978-0-470-
18528-5, March 2008; Eddy Krygiel, Brad Nies and Steve McDowell (Foreword), Green
BIM: Successful Sustainable Design with Building Information Modeling, ISBN: 978-0-470-
23960-5, April 2008. All John Wiley & Sons Inc (Hoboken, NJ).

Text © 2009 John Wiley & Sons Ltd. Images: p 4 © Steve Gorton; p 5 © Richard
Garber/GRO Architects




GRO Architects, PREFAB House, Jersey City, New Jersey, 2008-09

Precast-concrete wall components and the angle for roof pitches to utilise maximum solar collection were both studied
using information modelling packages in a small, experimental house by GRO Architects. A digital model of the house
was used to simulate the optimal orientation and location of photovoltaic panels and ensured that a continuous amount
of electrical power would be self-generated, thus allowing the house to provide its own power while feeding unused
current back to the city’s electrical grid in certain months. The information model was also used to rationalise the
precise shapes and joints of the concrete panels, here shown being craned into place. The panels were delivered to site
in three truckloads and assembled via crane by a team of four workers over three days. The panels have metal studs
cast into them for the fastening of interior surfacing and rigid insulation, which allows them to outperform
conventionally constructed walls. The parametric capabilities of information modelling software allowed for the
constraining of window and door openings, and maintained necessary dimensions from the edges of each panel. The
multiple design and simulation checks performed here allowed the architects to engage earlier in the construction
process and ensure more efficient construction schedules and a better-performing building.
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Optimisation Stories

The Impact of Building Information Modelling on Contemporary Design Practice
By Richard Garber



Greg Lynn FORM, Garofalo Architects and McInturf Architects, Presbyterian Church of New York, Queens, New York, 1999
Greg Lynn’s Presbyterian Church was ‘stick-built’; that is, manually constructed of traditional construction materials that were

fabricated and installed based on two-dimensional construction documents and shop drawings, much like a conventional project.

However, it became a significant precedent for several of the architects represented in this issue of AD as the manual creation of
construction documents in a CAD system required the measuring and rationalisation of the three-dimensional components of the
virtual model. It was critical even at this early stage of the virtual construction to develop methods for the precise and accurate
translation of three-dimensional geometries into a two-dimensional CAD document (profiles, plans, etc). The result is a stunning
sanctuary space imagined in a virtual environment that, once actualised, spoke to the merit of such a design process while
attracting the interest of a whole generation of young designers.




Over the last 25 years, the broad use of computer
software has revolutionised the way we generate and
document architectural design proposals. Much of this
work has occurred either in visualisation or formal
speculation (mainly academic concerns) or in
conventional documentation and management (mainly
professional preoccupations). This separation between
theory and practice is amplified by the relationship
between architects and those who build their design
proposals. This formerly manual transfer of design
documentation via the interpretation of others invites
breaks, or gaps, in what should be a continuous and
interrelated process of design development and
building actualisation. However, these gaps are now
closing as new possibilities emerging at either end of
the spectrum demand the support of one another —
advanced analysis software would not be necessary
without design imagination.

Design computing has expanded in scope beyond
representation-based documentation to now include
analysis, simulation and digital fabrication. These new
components allow architects to better understand and
manage how their virtual ideas are realised, and to
innovate or challenge traditional delivery and
construction methods. The synthesis of such
technologies and the need for better construction
management has led to the emergence of building
information models which close the gap and, in turn,
promise to revolutionise contemporary design practice.

While current technologies are not sufficiently
developed for full-scale buildings to be produced with
computer numerically controlled (CNC) hardware, they
do allow developed building information models to more
precisely assist in the translation of a virtual construct
into an actual one. Can a cost-effective paradigm shift
be achieved using new computing technologies in
architectural design?

The potential of building information modelling
(BIM) is that a single, intelligent, virtual model can be
used to satisfy all aspects of the design process
including visualisation, checking for spatial conflict,
automated parts and assembly production (CAM),
construction sequencing, and materials research and
testing. The model is shared, and contributed to, by all
parties involved in the construction of the building,
from architects to engineering consultants, contractors
and subcontractors. This suggests a paradigm shift in
design procedure and teaching that would involve time-
based iteration and testing, not only of design
potentials, but also of construction in a virtual
environment. Indeed information models foster a kind
of automatic coordination and collaboration that, partly
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GRO Architects, Diagram showing the traditional architectural design process, 2008
In traditional architectural practice, a linear exchange of analogue information facilitated
interpretation and the need for clarification on site. In this ‘possible to real’ paradigm, it
was therefore necessary to transmit conventional documentation to others involved in
the construction process. The manual translation of quantitative and qualitative building
information (bills of materials, component quantities, as well as structural and
environmental efficiencies based on rules of thumb) made full coordination of all the
construction activities difficult. The result was a reality that was like the possible only
through representation.
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GRO Architects, Information modelling in architectural practice, 2008

In architectural practice augmented by information modelling, virtual translation of data
and real-time performance testing becomes possible. In this new paradigm - the ‘virtual
to actual’ — the virtual is already fully real and needs only be actualised by a process of
translation from virtual matter to physical matter. Efficiencies of computer numerically
controlled (CNC) fabrication, real-time generation of bills of materials and schedules, as
well as construction sequencing occur. Through information modelling, the design
process becomes augmented and more iterative, and allows for more in-depth
collaboration between architects and allied design professionals such as engineers,
technology consultants and subcontractors in a non-linear fashion. Streamlined
management of construction projects is not the only impact of these technologies as
many information modelling packages contain generative design modules that promise
further formal speculation tied to performance. Information models also lend themselves
to the life-cycle management of a building, well beyond the conclusion of the design
and construction process.



due to the medium and partly due to the intentions of
designers, has not been seen before in the broader
building industry. However, this seems less likely to
specifically enhance the architect’s position as a
central hub through which all things pass — a return to
the status of master builder — during the design of
buildings. Perhaps, more interestingly, these
technologies allow for a medium in which notions of
creativity and innovation merge through performance
operations, cost efficiencies, and material and system
simulations that are iterated digitally throughout the
design process as opposed to in the field during
construction, where finding errors or conditions not
properly coordinated could lead to costly expenditures
in terms of time and budget.

Information Models in Contemporary Design Practice
According to the US National Institute of Building
Sciences (NIBS), BIM refers to ‘the use of the concepts
and practices of open and interoperable information
exchanges, emerging technologies, new business
structures and influencing the re-engineering of
processes in ways that dramatically reduce multiple
forms of waste in the building industry'.1 The institute’s
work focuses mainly on the further development of
integrated product delivery (IPD) and data translation for
the streamlined sharing of information between
architects and subcontractors, such as structural steel
fabricators. Other areas in which it is developing
standards include automated code compliance checking
(AC3) and construction to operations building
information exchange (COBIE).

Many firms are finding attractive information models
based on their digital management capacity. As digital
databases, these models can control and monitor
construction events so as to streamline and refine the
construction process itself. There are already numerous
examples of how BIM has saved time and made the
building process more efficient: one only needs to be
reminded of how the geometrically complex Denver Art
Museum by Daniel Libeskind was completed in 2005 by
the Midwestern US contractor MA Mortensen three
months ahead of schedule, and with no change orders
during the construction process.2

The ability of an architect, engineer or contractor to
simulate construction in a digital model has many
merits and uses 4-D, or time-based, operations in what
is seen as, perhaps finally, the use of animation for
something other than the formal manipulations of the
1990s. Originally conceived of by Greg Lynn and others®
for its capacity in the design process to allow all
geometry to respond to a series of programmable
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National Institute of Building Sciences, Hierarchical
building information relationships, 2006

The National Institute of Building Sciences, based in
Washington DC, has been instrumental in setting
building information modelling (BIM) standards in the
US and internationally. It has divided the BIM process
into an object-based system of Industry Foundation
Classes (IFCs): Systems represent the physical entities
of the building and can be classified by form (high rise,
suspension bridge) or function (single-family residence,
courthouse); Space is tied to the physical structure or
systems by a boundary definition; and Overlays are the
abstract data — organisational, operational, functional,
financial, non-fixed assets, resources, personnel, etc —
tied to the Systems and Space classifications. Further
definitions can be found on the institute’s website
(www.nibs.org).



Precast insulated concrete panel 260 SF Photovoltaic Panels oriented
(PIPs) due south

Cedar rain screen 300 SF modular green roof beyond
allowable building set-back

Low-emittance glazing

Modular furniture

Radiant heating in all concrete
slabs

Precast insulated concrete panel
(PIPs)

GRO Architects, PREFAB House, Jersey City, New Jersey, 2008

BIM systems have two important and interrelated aspects. First, they allow all virtual geometry to be linked to real-time databases for the
accurate costing of materials and for ensuring building components are properly integrated. Next, they allow for the smooth transfer of
data to the software packages that enable simulation to occur. The PREFAB house was conceived as an economical yet environmentally
responsive structure able to generate its own power and utilise efficient materials. In addition to developing a set of construction
documents in a BIM system, the information model was translated into environmental analysis software to study criteria such as solar gain
and heat loss in winter months, and also into a proprietary software to generate the 3-D formwork for the house’s precast-concrete walls.
The proprietary software also allows the virtual sequencing of the panel assembly prior to components being delivered to the site.

Greg Lynn FORM, Garofalo Architects and McInturf Architects, Presbyterian Church of New York, Queens, New York, 1999
The use of animation in early yet sophisticated modelling programs enabled designers to employ time-based operations in the
design decision-making process. While these early modelling programs did not have the capability to link information such as
material resistance to this form generation, virtual information such as mass and thickness could be extracted directly for
material consideration. For the Presbyterian Church of New York, Greg Lynn FORM generated a virtual model that animated an
interrelated series of forms for the main sanctuary space of the building.



(typically numeric) factors, animation became
synonymous with the ‘stopping problem’. This term was
generally attributed to time-based geometric experiments
in which the resulting forms were somehow imprecise
because it was difficult to conventionally ascertain why
one geometric frame was any more applicable than
another: an arbitrariness that quickly branded certain
architects and designers as not being grounded in the true
problems of design and construction. However, these
models were precise in that they were measurable (mass,
volume, dimension, curvature) virtual constructs and
represented a range of options. This notion of range forms
the essence of the parametric experiments possible with
BIM systems today: through optimisations of shape, cost,
material, orientation and so on, an informed choice can
be made from a family of related virtual solutions, and
also serves to de-emphasise what perhaps was initially an
interest in the formal aesthetic that also emerged from
early studies of form generation and animation

Material Simulation and Testing

Still other capacities of BIM systems, such as clash
detection, the generation of bills of materials and real-
time construction schedules, and the transfer of digital
data to fabricators or subcontractors, are attractive in
their potential to optimise the design and building
process. |f construction can now be controlled through a
single model or, more appropriately, a database that can
accept information from a variety of sources, design
optimisations such as those listed above can be studied
in the earlier stages of development. The ability to
respond to material or geometric factors such as stress,
weight, hardness, volume and area, as well as time-based
concerns such as sequence, has allowed designers to
apply virtual attributes that yield form. Buildings can be
understood according to how they perform as opposed to
what they look like.

While there is still work to be done on the translation of various
types of data into such a model, it is important to recognise that not all
information needs to be distributed to the entire construction team at
any given time: for example, a CNC fabricator responsible, say, for
custom steel connection plates need not be concerned with the size
and orientation of supply ducts as long as he or she can be ‘digitally
assured’ that the ducts will not interfere spatially with the plates.

External Pressures

One of the more curious occurrences in the last two decades has been
the emergence of new building ‘specialists’ whose purpose it is to
oversee the complex and messy construction process. The impact of
these construction managers seems unclear and is in some ways
ironic. They are essentially watchdogs employed by owners or
contractors to ensure economic and production transparency, yet
often make the building management process more complex while
also diverting fees away from those involved in the design of a
building. The promotion of a more transparent process of checks and
balances through information models would thus seem to be an
important value-adding capacity of BIM.

The time-based, parametric and generational capacities of many
information modelling softwares allow architects and designers to
challenge conventional and outmoded construction methods while
simultaneously introducing new techniques for organising and
creating form and space. Parametric and organisational scripts for
form generation take into account material attributes such as weight
and maximum curvature so that the tedious process of translating
one’s design intentions into something buildable can become much
more refined. This also offers the potential for the rationalisation of
new building forms in much the same way that BIM packages can
be used to optimise more conventional typologies or construction
methods. Though the generational capacities of these tools are often
overlooked, they nevertheless represent a real way of introducing the
new organisations necessary to contend with increasingly complex,
mixed and various programmes and building types to our
constructed landscape.*

GRO Architects, Best Pedestrian Route, Lower Manhattan, New York, 2007

As BIM systems allow designers to think through problems of construction
sequence and assembly virtually, the relationship of design to fabrication
becomes much more comprehensive. CNC fabrication from digital files enables
different parts to be cut from materials as economically as standardised parts
were machined in the 20th century. In the fabrication and assembly of Best
Pedestrian Route, a digitally fabricated temporary construction walkway, a series
of uniquely shaped aluminium gussets were required to resist the bending
moment of the cantilevered roof of the walkway. The gussets were water-jet cut
from pieces of 6-millimetre (0.25-inch) and 12.5-millimetre (0.5-inch) aluminium
sheets and precisely positioned within pockets that were CNC-routed to the
inside faces of the plywood rib geometry. The precision with which the rib
assemblies fit together could not have been achieved manually.
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Interpretation, or at least discussion, on the
project site of the Pavilion Ziirichhorn,
Switzerland, in 1960

In the possible to real paradigm, interpretation is
necessary to construct an actual building from a
set of design possibilities. As there is a gap in the
transfer of static information between the
architect and the general contractor, it is
incredibly difficult to ensure the contractor has a
comprehensive understanding of the design
intent, and the architect of the construction
techniques and methods. Interpretation leads to
errors in the field, or situations where certain
components or construction sequences need
rethinking, both of which can be costly. This,
unfortunately, has happened to the best of us!
Pictured are Willy Boesiger, Editor of Oeuvre
compleéte, City Architect Adolf Wasserfallen, Le
Corbusier, Inspector of Public Parks Pierre
Zbinden, and the gallery owner Heidi Weber.

GRO Architects, Diagram showing the virtual to actual paradigm, 2008

In the possible to real paradigm, representations of a possible object or
building are produced and transferred to another party for interpretation;
because of this disjunction there is no way of ensuring that the possible and
real will be the same. This traditional method has largely been two-
dimensional; even with digital design techniques, the computer is used as a
representational tool in the generation of renderings (pictures) or 2-D drawings
of a building. This method separates the designer from the fabrication or
construction process, and can be traced back to Leon Battista Alberti’s decree
that there should be a separation between the practices of design and making.
As such its evolution has largely taken place in architectural schools. In
contrast, the virtual to actual paradigm is an emerging method where (digital)
material resistances can be tested through simulation. It is based on the
translation and/or dissemination of a virtual 3-D construct, an example of
which is translation to a CNC machine for direct manufacturing.

Douglas Gauthier and Jeremy Edmiston, BURST* Project LLC,
BURST*008, ‘Home Delivery: Fabricating the Modern Dwelling’,
Museum of Modern Art, New York, 2008

Delivery and erection of the *BURST House’s CNC-cut structurally
insulated panels (SIPs) to the exhibition site where they were
fastened together. This process is a different take on prefabrication, in
that the house arrives on site as a series of parts that are put together
like a jigsaw puzzle. It is important to note the difference between
this process, in which many unique parts are cut by a CNC machine,
and one of mass standardisation where the same parts are assembled
by workers on site as a series of repetitive tasks. BURST*008 used
CNC output for efficient mass-customisation, demonstrating how
information models can be employed to optimise, simulate and make
construction methods more efficient.



The Virtual to Actual Paradigm

Though instrumental in closing the gap between design
and building, preliminary, or schematic, opportunities are
often overlooked in the adoption of parametric building
information models in professional practice. Design
theorists such as Sanford Kwinter and Manuel DelLanda
have both highlighted the paradigm shift, made possible
by information models, whereby the previous method of
architectural delivery, the ‘possible to real’, is being
supplanted by a new and seamless one, the ‘virtual to
actual’. In the first, the formulation of the initial design
intention was a necessarily cerebral operation.5 The
designer would dream up a form and then represent it as
an architectural proposal to which would be attached
information about materials, construction methods and so
on. Because proposals were generally documented as two-
dimensional abstractions of a possible building, they
required interpretation by others than the designer to
realise the building. As such it was impossible to
guarantee that the intentions of the architect would be
precise in the built project.

An example of this conventional model in digital
architectural design is image mapping, in which
representational as opposed to performance-based criteria
are used in the selection of an appropriate design proposal.
Three-dimensional modelling programs were first used to
simulate what a building would look like via libraries of
‘materials’ (generally bitmapped images) that could be
applied with relative ease to preconceived forms. These
forms were primarily variations of non-eidetic geometries
(planes, spheres, cubes) that had no relation or resistance
to the representations of materials they would receive.
The outcome of such operations was largely deemed
successful if the applied image maps were adequate in
texture and scale. Whether brick was a suitable material
choice for such a form, or masonry construction
appropriate, was usually given far less consideration.

This virtual reality further separated architects from
the material process of building. When not linked to a
database or library, the bitmapped brick (or grass, granite,
or ‘purple’, for that matter) wall has no properties or
attributes that architects must consider in its
construction. It has no weight, is unaffected by its height
to thickness, and displays no resistance if a second virtual
object is placed on top of it. Consequently, it has no
reference or attribute data to determine whether or not it
can sufficiently behave like a wall.

L)

An often overlooked aspect of the introduction of computing to the
design and management of buildings is the necessary break from
traditional ideas and methods of teaching architecture. Though we are
now some two decades into the digital, one senses that yet another gap
between the teaching of new modes of practice using information
models and traditional architectural education has been created. Lack
of buildability and formal whimsy seem to inform the critique
articulated by those who advocate more traditional methods of
education. It is important to note, however, that the formal
speculations of the last decade partially laid the foundations for the
development and adoption of BIM systems in architectural design.
When measured against performance or other optimising criteria, these
speculations seem to intersect with the more pragmatic management
tools and construction simulations proffered by information models.

In the contemporary virtual to actual paradigm, interpretation is
no longer required because digital information models are already
inherently real. As precise three-dimensional concepts are designed,
tested, iterated and optimised in virtual space, they need only to be
translated, or actualised, into physical media. A simple example
would be a series of panels rationalised on a virtual sheet of plywood
to be CNC-cut by a router.

Closing the Gap

The architects, engineers and academics who have contributed to
this issue of AD have a broad and varied interest in the use of BIM
technologies. The scope of the issue therefore covers architectural
education, comparisons with historic models of practice, changes in
contemporary design practice and the still newer opportunities for
optimisation and CNC output. Rather than concentrating on a
narrow or specific definition of BIM, the intention is instead to
demonstrate how widespread and significant the impact of these
technologies on the practice of architecture will be. As clever
designers use BIM tools to better optimise, iterate and test their
ideas, we will start to see design proposals and built projects that
are not only integrated and precise, but truly new. O

Notes

1. See http://www.nibs.org/newsstory3.html/.

2. | described this process in a lecture at the School of Architecture at NJIT on 19
September 2005.

3. See Greg Lynn, Animate Form, Princeton Architectural Press (New York), 1999.

4. See Chuck Eastman, ‘Automated Assessment of Early Concept Designs’, pp 52-7 of
this issue.

5. See Manuel DeLanda, ‘Philosophies of Design: The Case for Modeling Software’, in
VERB Processing: Architecture Boogazine, Actar (Barcelona), 2002, pp 131-43.

Text © 2009 John Wiley & Sons Ltd. Images: pp 6-7 © 2000 Jason A Valdina; pp 8,
10(t), 11, 12(c) © GRO Architects; p 9 © National Institute of Building Sciences; p
10(b) © Greg Lynn FORM; p 12(t) © Rene Burri/Magnum Photos; p 12(b) ©
BURST* Project LLC




BestPedeslrian Roufe

Lower Manhattan, New York, 2007

GRO Architects

By Richard Garber and Nicole Robertson




The process of construction is a liminal activity. This can be
understood within the physical space and time between
construction zone and building, the interface between digital
techniques of fabrication and interpretation via contracting
practices, or simply between the graphic symbol and diagrammatic
pattern. Best Pedestrian Route (BPR) occupies and resonates
within this threshold through multiple scales and meanings: a
slanted and skewed temporary walkway, its cantilevered form is
not only expressive of the volatility of its location, but is also,
by design, able to systemically respond to the inherent instability
created by the ongoing construction in Lower Manhattan.
Inspired by Jersey barriers in the US, which temporarily
establish the boundaries of a road or construction site, and the
graphic symbols of construction zones including two-
dimensional diagonal stripes, arrows and signage, BPR is one of
the most ambitious projects selected as part of the
re:Construction Pilot Program sponsored by the Alliance for
Downtown New York (ADNY) and the Lower Manhattan Cultural
Council (LMCC). As the competition called for both a proposal
and the selection of a possible site for the project, it was
necessary to conceive of BPR as a virtual assembly that
established diagrammatic relationships between its parts,

The fabrication and assembly sequence of Best Pedestrian Route began

with the CNC-milling of marine-grade plywood parts in the FABLAB of the

School of Architecture at the New Jersey Institute of Technology. Three
specific types of tool-paths were utilised. First, subtractive holing was

coded with a %e-inch diameter drill bit to create holes where the various
plywood structural parts that form the ribs were to be bolted together.
The 20-millimetre (0.75-inch) plywood sheets were bolted in thicknesses
of 37.5 millimetres/1.5 inches (two sheets) or 75 millimetres/3 inches (four
sheets) depending on moment stress along the length of the ribs
themselves. To further strengthen these assemblies, pocket cuts removed
material from the rib components for the addition of aluminium gusset
plates sandwiched between sheets. All parts, including the gussets,
sheathing and cladding for BPR, were then profile cut from 4 x 8 plywood
sheets to their final, optimised shapes for assembly.

external conditions, sidewalk obstructions such as street signs
and phone booths, and the changing nature of construction sites
themselves. However, as the final location was to be determined
after the winning entry had been decided, it was critical that
these relationships were not fixed, but able to respond
parametrically as a system to a series of potential locations. The
component parts were all digitally prefabricated on a computer
numerically controlled (CNC) three-axis router, making assembly
of the temporary structure possible in the course of three days.

BPR is conceived as a system of walkways, this being the
first of several variations planned throughout Lower Manhattan,
allowing visitors to shift their attention from the disruption of
construction to a projected future downtown. 5

opposite: Inspired by the graphic symbols of construction sites and the
instability of spatial and temporal boundaries of these zones, this
temporary pedestrian walkway blends in with its surroundings. The
appearance of instability is produced by its cantilevered and slanted
form, which challenges visitors to question the definitions of
construction and architecture, process and completion, temporary and
permanent. As a prototype for a new kind of construction barrier,
information modelling logistics are tested through the flexibility
embedded in BPR’s modular and parametric design, allowing this
iteration to be the first of those planned.

right: Tool-paths are generated virtually and transferred to a CNC

machine for cutting or forming. They are contained in ASCII text files
known as G or M codes. G-Code is a functioning code that lists the
tasks to perform the actual cutting or forming of materials, while M-
Code, or machining code, tells the machine to start, stop, provide SR

. XT8.623 Y22 684
coolant and so on. Shown here is a sample of the code generated to G1 71.075 F400
cut the pictured rib pieces. The function S sets the spindle speed of z1.
the cutting tool, GO directs the tool to rapidly move to the first position XTO.448 Y22.884 707 X79.447 Y22 487 X73.101 Y22.501 Y22693 XT9448 Y22.884 XT9.573 Y22 808

A q 5 q q q q KT2OT6 Y22.810 Y22 a76 XTOAT2 Y22 361 XTOATIY22 684 XTOG98 Y22 683 X79.607 Y22 236 XT2.65
e s, o B 1 G DaionsalE o, o vl 1) Lol gk ¥22.251 XT2B52Y¥22.044 X70.588 Y2253 Y2268 X79.623 Y23.058 X72727 YZI069 X72725 Y2127
an X-Y axis of the curves it is about to cut. For BPR, three methods of X79.822 Y2211 X79.823 Y22.683 X70.048 K79.046 Y21.986 X726 Y22.002 X72.602 Y25.194 X79.949
cutting were used: first, subtractive holing, or drilling (G81) to bore ¥23.183 X79.04B Y22 683 XB0.073 XB0.0T4Y23.308 X72.477¥Y231.319 X72.475Y21 877 XB0.OT1 Y¥21.85
holes for bolting; next pocket cutting to accept aluminium gussets at

X80.07T3YZ2 68 XA0.196 XBO.196 Y21.735 X72.349Y21.75 X72.353 Y23.445 XB0.199 ¥23.433 XB0.198
areas of high bending moment; and finally profiling to precisely cut

¥22 683 XB0.323 Y22 6682 XB0.324 Y23.558 XT2.228 Y2357 X72.224 Y21.628 XBO0.321Y21.61 XB0.323
i ) ) ¥22.682 X30.448 XB0.445Y21.485 X72.099Y21503 X72.103 YZ3.695 X00.440Y23.662 XB0.448 Y22.682
the final shape of ribs (both G90, G17, G40 functions). The X, Y and Z
coordinates plot the path of each part.

% 519000 GOD G17 G40 M3
{2 112 Axis Pocketing) 8th
S10000M3

GO 21,

X80.573 X80.575 Y2Z3.607 X71.978 Y23.82 X71.974 Y21.378 X80.57 Y21.350 X80.573 Y22.662 XB0.638
XB0.605 Y21.234 X71.649 ¥21.254 X71.854 Y23.945 XBO.7 Y23.932 ¥B0.698 Y22.662 X80.823 Y22.661
X80.B25 ¥24.057 XT1.720 Y2407 XT1.723Y21.128 XB0.B2 ¥21.109 XBOB23 Y22 661 MA0.848 XB0.944
¥20.983 X71.508 Y21.004 XT1.604 Y24.196 X80.95Y24,182 X80.948¥22.681 XB1.073 X61.076 Y24, 307



Mluminated at night, the cladding of this temporary pedestrian walkway emits light through
arrow-shaped apertures that recall the graphic symbols of construction signs while maintaining
the structural integrity of the panels by acting as a diaphragm between ribs. The dynamic flow
pattern of the arrows plays on the experience of disorientation created by the extensive
construction zone in Lower Manhattan. This zone encompasses more than 80 individual sites
and work is expected to be in progress until at least 2012, giving the usually temporary
environment of construction a permanence that requires thoughtful design consideration.
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The illuminated school of arrows which flow across the cladding panels was generated by plotting a scripted series
of points across the length of the iconic orange and white sheathing. BPR was designed with a roof cantilever
ranging from 1.5 to 3.3 metres (5 to 11 feet), and the sheathing between the cantilevered ribs in the walkway’s
roof needed to resist lateral wind loading and prevent sideways movement of the cantilever. To achieve this while
maintaining the school of arrows, individual cut-outs were constrained so that they would be separated by a
minimum radius of 5 centimetres (2 inches), thus maintaining lateral stability in each roof panel.

The eight marine-grade plywood ribs that form the structure
and geometry of Best Pedestrian Route were assembled in
the construction staging area of the future Fulton Street
Transit Hub adjacent to the Corbin Building in Lower
Manhattan. Here, New Jersey Institute of Technology (NJIT)
students Justin Foster and Ninett Moussa work with NJIT
assistant professor and founder of GRO Architects Richard
Garber to tighten the bolts that secure the multiple layers of
plywood, glue and pocketed aluminium gussets.

Text © 2009 John Wiley & Sons Ltd. Images: pp 14, 16 ©
Fabian Birgfeld/photoTECTONICS; pp 15, 17 © GRO
Architects
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BURST* is a prefabricated housing system that functions like a
kit of parts to produce homes that use small building pieces to
achieve individually tailored spaces, allowing the architectural
shape of each house to conform to the specifics of distinct
project constraints. An alternative to mass-produced versions of
domestic life that reduce prefab houses to differing
arrangements of boxes, each BURST* system offers the
potential of creating unique spaces and forms based on
environment, site, orientation and the needs of the owners.
This is achieved using generative technologies to expand the
range of architectural forms for domestic and

inexpensive construction.

The structure and environmental mechanics of the BURST*
houses were designed in collaboration with the New York office
of Buro Happold Consulting Engineers. BURST* is an adaptable
design process which responds to various sites, climates, owners
and programmes. The flexibility of BURST* comes from literally
weaving two sections together — the natural ground plane and
an artificial, manipulated plane. The two planes travel vertically
and horizontally to comprise the ground, the floor and the
walls. The system uses only passive means to maintain
temperature comfort levels; depending on the specific
conditions for an individual house, the weave can open, close
and reshape in order to allow in or keep out warming sun and
cooling breezes. This environmental weave is reflected in the
tension structure of the plywood ribs and structural insulated
panel (SIP) skin. Similar to a kite or an aeroplane wing, the
tension structure’s high strength and lightness combine
precisely for a project with a less than 5 per cent waste factor.
The bulk of the construction process is achieved digitally,
during which the geometry of the house and the individual
pieces - structural ribs, walls, floors — are resolved, then
precisely cut and numbered before BURST*ING on to the site.

BURST*008 was unveiled at the ‘Home Delivery:
Fabricating the Modern Dwelling” exhibition at the
Museum of Modern Art (MoMA), 20 July to 20 October
2008. The exploded axonometric drawing on the right
illustrates the massing, structure, and skin surfaces that,
through geometric processes, converge to form the ribs
from the geometry of the massing. The exploded
axonometric drawing on the left illustrates the
construction elements of the building. These elements
include the structural grid, foundation and moment frames,
plywood ribs, the steel X-clips, various structural insulated
panels (SIPs), glazing and steel elements, as well as the
interior and exterior skins. Because the house is made from
relatively small elements, it can be responsive to structural,
programmatic and environmental parameters: if the
programme changes, the massing changes by shrinking or
swelling; if the structural requirements change, the weave
tightens and loosens; and if the location or environment
changes, the apertures and openings of the house contract
or dilate as required. The drawing was on display inside the
house during the exhibition.
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Exploded axonometric drawing — part of the
assembly documentation for BURST*008. The
drawing serves as a reference for locating and
installing the interior wall and ceiling panels in
the sleeping quarters. The flower-shaped apertures
in the skin combine to form windows on the street,
or north, side of the house. The MoMA curators
questioned what they considered the Venturi-
esque surface condition of the initial BURST*
graphic, and were pleased and surprised when as
a result it evolved into functional elements.



BURST*008 was fabricated as three structural rib assemblies
that were trucked to, and then joined together on, the MoMA
site. Here the second structural rib assembly is expanded
and located on the moment frames via a crane.

Ribs nestling into the SIPS, illustrating the precision
cutting and connective knot connections of the
BURST* house. It is this weaving together of small
parts that allows the house to adapt so readily to
various changing criteria. Through small shifts in the
design process, connection points can be moved to
accept more weight, to allow a larger space, to open
to the outdoors. The design method is then able to
consider the overall sphere of domesticity as a spatial
negotiation between programme, structure, natural
and synthetic environments, time and materials.

]
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The undercroft area of the house provides an entirely functional secondary space that may be used, for example, as a
playroom, as an extra storage area, or as a welcoming area. In occupying the plot, the house is aware in its orientation,
considering sun, wind and humidity in order that these conditions add to its productivity rather than remaining insignificant.

The north facade of the
completed building.

Text © 2009 John Wiley &
Sons Ltd. Images: pp 18-19,
21 © BURST* Project LLC;
p 20 © Anthony Rosello -
Certain Pictures




!hekomputatlonal design strategist Cynthla
Ottchen, who was previously Head of Research and
Innovatlon at OMAgoffers insights into the future = '}
of bui mforn%oen modelling (BIM). Nowin @ . |
the Petabyte of the data deluge, she argues
thati in our adoptlon of BIM we have to surpass

mere data collection and technical optimisation

and open up new ways of thmkm@ﬂh the

creative use of ‘soft data’
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Cell, Study for Phototropic Tower, 2008 : I ?
This digital rendering of the Phototropic Tower oy =
(Iteration_O1) collaged into its Manhattan context
shows the effect of a building volume and form
based on a strategy of privileging and scripting
selected data (kriews out of the building,
1ncre'ased light, minimal heat gain) over j
norrqaqve constralnts In thls case, the resulting by
design qontraéted with its context in terms of |
shape, setbacRs=and densiﬁ]"'and did not stay ’
within the typical constraints of economic, A
culturalor pre]icribed municipal rules including
maligl}nll _bBi ¢ ing volume or floor area ratio, : " .
self-similar urban patterns (continuous street
ﬁontage),and zoning envelopes. F
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All models are wrong, but some are useful.
George Box, Empirical Model-Building and
Response Surfaces, 1987}

The exploration of digitally generated architectural forms
began in the architectural schools as early as the 1980s
with the appropriation of animation software from the
entertainment world. Such software lent itself to
experimentation with notions such as fluidity and
dynamics. While formally radical, this work often
disregarded programmatic aspects, political and social
concerns, systems of representation, material properties
and construction techniques; now much of it seems
aesthetically indulgent and too narrowly focused. In the
meantime, the architecture, engineering and
construction industry was rapidly (and separately)
developing software that would streamline the
construction process by integrating documentation and
project management tools within a single, automatically
updated 3-D database: the building information model.

This historic split between design software used for
formal experimentation and industry software used
primarily for production is giving way to a still emerging
area of overlapping concerns. On the one hand, the
recent academic trend towards scripted design
methodologies — especially genetic algorithms based on
a biological model (morphogenesis) — proposes the
Darwinian notion of performative fitness as the criterion
for selection of form. On the other hand, the profession’s
further development of specialist software for structural
and environmental analyses and simulations, and
building information modelling’s (BIM’s)
parameterisation of material properties as well as
fabrication and assembly constraints, has elevated
practical, technological data to a newly privileged
status: it can be produced and considered earlier in the
creative process to become an important and integral
part of the design concept.

In both of these developments, the usual result has
been a systems-oriented, performative architecture that
privileges scientific models and practical criteria and
favours the development of closed feedback loops of
data through embedded tools. While this trend may
imbue architectural design with quantitative value and
encourage an attractively seamless and efficient design
environment, it appears that critical sociocultural
aspects of design (‘soft’ forms of data such as aesthetic
strategies, representational aspects, political agendas,
sociocultural dimensions and historical material) are

often marginalised or left out of these new processes not only
because they are qualitative — they are not seen as objective, if
quantifiable — but also because they are value laden and potentially
politically contentious. At the same time, the primary concern of
many practising architects in choosing a BIM package is the potential
rigidity and constrained creativity that would be imposed on the
design process. As a result many designers still use an intuitive
design process and switch to BIM for production, or they collect
optimisation data for several factors at the front end of the design
process and try to rationalise the often divergent results cerebrally
(the optimisation of multiple performative criteria rarely results in a
single ideal design outcome and usually requires either the weighting
— compromise — or elimination of some factors). Both of these
methodologies perpetuate the romantic/rational divide that has plagued
architectural design since the Enlightenment as well as the traditional
platonic notion of imposing cerebral form on passive matter.?

Massive Data

However, there are now indications that a new way of thinking is at
hand that could resolve these conceptual divides. In ‘The End of
Theory: The Data Deluge Makes the Scientific Method Obsolete’,?
Chris Anderson of Wired analyses the Google phenomenon and argues
that the need to have causal or semantic models is over: the new
availability of massive amounts of data (what he calls the ‘petabyte’),
combined with applied mathematics, supersedes every other tool.
Science finds models through a rigorous method of
hypothesise/test/confirm in order to go beyond the mere correlation of
data and get to the way things really are. But when the scale gets
sufficiently large or complex, most scientists concur: the basic laws
are not incorrect, they are inadequate.4 Huge systems (for instance,
the dark matter that makes up most of the universe, 5 or even life
itself) behave in ways that cannot be deduced in advance by models.
Now, in this new Googlien era of massive data and the tools to crunch
them, if the statistics say one thing is better than another, the
correlation is good enough. ‘Who knows why people do what they do?
The point is they do it, and we can track and measure it with
unprecedented fidelity. With enough data, the numbers speak for
themselves.’® This approach has already produced impressive and
concrete results in physics and biology,7 and Anderson claims this
new type of thinking will shortly become mainstream. 8

New Tool, New Thinking

Applying this new thinking to architecture and especially BIM opens
up a new optimistic world of design possibilities. First, it means
freedom from being forced into either the formal indulgence of
signature architecture or a hyper-rational mode of performative
justifications. And if, as many have said, traditional forms of meaning
are bankrupt, then massive data as the new agnostic tool gives us the
space to go beyond theories and nostalgic semantics: to have more



THE SLAB - FACADE GENERATION PROCESS: 1) SLAB IS 'FLIPPED DOWN' ON TO SITE:
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OMA Research and Innovation Parametrics Cell, Facade Study for the Slab, 2008

This parametric facade strategy experimented with the soft data of sociocultural material through scripts that
articulated the building’s internal public zones and registered the site’s external urban pattern while
incorporating technical functional, structural and material parameters. The series of diagrams shows how the
context was translated into data through a process analogous to that of creating a physical impression: 1) the
facade grid was conceptually ‘flipped down’ on to the existing ruins of a site; 2) an impression of each building’s
location and height was measured; and 3) the data was registered into the corresponding cell of an Excel sheet.
A special script was created that keyed this input data to a degree and type of mutation in the facade grid.



options, consider more types of information, and
generally be more creative with how we use them. In the
Petabyte Age we can ‘view data mathematically first and
establish a context for it later’.® We can incorporate data
from many sources, including aesthetics and the
sociocultural, political and historical dimensions
because massive data is the new meaning. Rather than
necessitating the mere reduction of the qualitative into
the quantitative, this approach actually creates the
conditions for the optimistic potential of emergence: the
cumulative effects of complexity and multiplicity may
themselves result in the production of new qualities,
which in turn allow new relationships between
architecture and culture to emerge.10
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Reconceptualised Role

Such an approach implies that the architect’s role should be
reconceptualised from that of romantic genius or technological guru to
that of multidisciplinary strategist. The new architect is still ultimately
responsible for design intent and needs to be able to look at the big
picture to decide which factors to parameterise, to give limits to the
parameters, assign a weight to each factor and determine the order and
method of the information modelling process: in summary to strategise
which factors and methods will be used, how they will be applied or
generated, and to judge what they contribute. But, just as in the ‘new,
softer science’, algorithms assume the burden of rigorous quantitative

methodology and the mind is left ‘free to move around the data in the

most creative way'.!' Technically this implies a broader use of

creative scripting in the initial stages of design, one that is capable of

OMA Research and Innovation
Parametrics Cell, Facade Study for
the Slab, 2008

A number of data-driven iterations of
the facade were generated using
different internal and external
sociocultural source material, varying
degrees (low to high) of mutation,
several directional types of mutation
(one, two or three dimensions) and a
range of functional, structural and
material parameters. These
iterations, besides articulating the
external contextual urban patterns,
also indicated the two internal public
floors through a different
deformation process (a script that
randomly ‘shook’ the grid pattern in
these two horizontal zones) and
utilised special transformation scripts
to increase the level of articulation:
extra mutation (different thicknesses)
at sky lobby zones, enlarged
openings at the lobbies and radial
thickness deformation around the
lower sky lobby.
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OMA Research and Innovation Parametrics Cell, Study for Phototropic Tower, 2008

The surface geometry of this iteration of the experimental project was generated through a digital
‘growth’ process based on recursive fractals and their fragmentation. The trajectories of two
possible ‘branch’ vectors were aligned with the edges of each building facet and the
parametrically limited segmentation of the ‘branches’ created a varied, but algorithmic,
distribution of structural members. The density and size of the facade members on each facet was
keyed to both the programme behind it and its general position in the building: public
programmes were assigned a more open structure and areas that were cantilevered or carrying
more vertical load required greater structural dimensions for members.



folding in diverse formal strategies and sociocultural data
(such as programmatic volumes and adjacencies, the
external legibility of programme, site history and so on)
beyond the limited scope of, for example, shape
grammars. In terms of software, it suggests that rather
than trying to develop a single and ideal design
environment of embedded tools in a closed feedback
loop, we should strive for seamless interoperability —
without loss of metadata — between scripting protocols,
the more pragmatic stages of BIM and a variety of
analytical software.

Conclusion

As proponents of BIM we need to acknowledge the
implications of the massive expansion of data and move
on from a performative analytical model to a more
comprehensive conceptualisation of information
modelling that opens up creative options leading to new
qualities and relationships, and does not just streamline a
process. It should expand the ways we use data rather
than merely generating taxonomies or collecting an
envelope of constraints. Some of the best designs have
been those that have broken the rules and gone beyond
technical optimisations or the prescribed constraints of
clients and municipalities. Rather than limiting our
choices, information modelling can open us up to the new
way of thinking and its massive potential. O

Notes

1. George EP Box and Norman R Draper, Empirical Model-Building and
Response Surfaces, Wiley (New York), 1987, p 424.

2. See Manuel DeLanda, ‘Philosophies of design: The case for modeling
software’, in Verb Processing: Architecture Boogazine, Actar (Barcelona),
2002, pp 131-43.

3. Chris Anderson, ‘The End of Theory: The Data Deluge Makes the
Scientific Method Obsolete’, Wired, August 2008, pp 106-29.

4. Philip Anderson, ‘On My Mind’, Seed, July/August 2008, p 32.
Anderson acknowledges the limits of known laws of physics at larger
scales and primitive levels, but also believes computers have limits of
error when simulating micro-level interactions.

5. ‘Data Set: Dark Matter Observation’, Seed, July/August 2008, p 32.
Only about 5 per cent of the composition of the universe is understood
by scientists for certain. The rest is composed of dark energy and dark
matter about which little is known.

6. Chris Anderson, op cit, p 108.

7. Ibid, p 109. For instance, J Craig Venter’s application of high-speed
gene sequencing to entire ecosystems has discovered thousands of
previously unknown species of life, based entirely on unique statistical
blips rather than on a scientific model or theory.

8. Ibid, p 100.

9. Ibid, p 108.

10. See Gilles Deleuze and Felix Guattari, A Thousand Plateaus:
Capitalism and Schizophrenia, University of Minnesota Press
(Minneapolis), 1987, p 21.

11. Gloria Origgi, ‘Miscellanea: A Softer Science,” 3 July 2008. See
http://gloriaoriggi.blogspot.com/2008/07 /softer-science-reply-to-chris-
andersons.html.
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HIGH FACET RESOLUTION (SMOOTH - 100%)
This parametrically designed mixed-use tower project
strategically privileges analyses of contextual solar patterns and
view foci over normative economic and zoning constraints. Point
clouds were developed by processing the following data:
sunlight averaged over the year to determine the primary
orientation of the building; programmatic data to determine the
general floor-plate size and volume; solar insolation data
(radiation energy) to determine the first level of deformation of
each floor plate; and selected view foci to determine the second
level of deformation of each floor plate. Variations of potential
building forms were produced by differently weighting the solar
and view factors and by the application of varying degrees of
faceting (expressed as a percentage) to the point cloud.
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The new Cooper Union building under
construction, showing the multiple
layers such as the outermost sunscreen
layer (left), glazing (centre) and the
exposed structure (top). Contextual
modelling and analysis is one area that
presents opportunities for developing
new approaches through information
modelling. At Morphosis, issues of
urban context are particularly important
' in the idea-generating processes of a
project. Information modelling allows
contextual cues to move from implicit
inputs to explicit inputs. With this
explicit knowledge the firm’s designs
can be directly responsive, and
responses can be measured in a much
shorter feedback loop.

Detail highlighting the resolution of
the handmade glass-fibre reinforced
gypsum joints. Through this
collaborative process, which takes
advantage of the plasterer’s expertise,
both the architectural intent and a
high degree of precision can be
achieved without the need for costly
CNC-based processes.




This new academic facility is a stacked vertical piazza contained
within a semi-transparent envelope that articulates the classroom,
laboratory and art studio spaces. It is organised around a central
atrium that rises the full height of the building. This connective
volume, spanned by sky bridges, opens up view corridors across
Third Avenue to the foundation building.

The configuration of the interior spaces encourages
interconnection between the school’s engineering, art and
architecture departments. To make these connections, the
circulation system relies upon several staircases that pass through
the central atrium and are augmented by a skip-stop elevator
system. The elevator system connects only the ground, fourth
and seventh storeys, with stairs from the elevator lobbies on
these floors serving adjoining levels. A grand stair connects the
ground floor to the first, second and third storeys. Focal
staircases individually connect from the fourth floor down to the
third and up to the fifth, and likewise connect the seventh floor
down to the sixth and up to the eighth.

Department amenities - including meeting rooms, social
spaces, seminar rooms, wireless hubs and computer drop-in
centres -- are located in the fourth- and seventh-storey sky
lobbies that surround the atrium. Classrooms, offices and other
functions are distributed in the adjoining floors above and below.
The prominence of the grand stair, both visually and in terms of
functionality, encourages students, faculty and visitors to use and
congregate in this space; in practice, half will use the stairs as
their sole means of circulation. These key social spaces thus
become the places where informal education takes place.

The physical and visual permeability of the building helps
integrate the college into the neighbourhood. At street level, the
transparent facade invites passers-by to observe and take part in
the intensity of the activity within. Many of the public functions
(including retail space and an exhibition gallery) are located at
ground level, and a second gallery and a 200-seat auditorium are
also easily accessible from the street.

The open, accessible building is a great example of
sustainable, energy-efficient architecture. A steel-and-glass skin
improves its performance through the control of daylight, energy
use and selective natural ventilation. This double-skin system
allows for heightened performance and dynamic composition on
several levels: the operable panels create a continually moving
pattern, provide surface variety on the facade, reduce the influx
of heat radiation during the summer, and give users control over
their interior environment and views to the outside.
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Transverse building section. The atrium carves out a social space through the building,
working in conjunction with the skip-stop elevator system, which serves the ground,
fourth and seventh floors. Circulation to other floors passes through the atrium. The
geometry of the atrium is carved out on to the facade beyond the glass-fibre reinforced
gypsum mesh, revealing a view of the foundation building and the city beyond.

Third-floor plan. Laboratories and offices are organised around the perimeter and are
linked by the more expressive atrium that forms a connective social space through
the centre of the building. The New York City Building Code generally does not
permit nine-storey atria, thus the design proposal required performance simulation
for smoke evacuation studies as well as analytical studies to satisfy the code. The
plan shows the grand stair to the right, and a staircase in the centre of the atrium
leading up to the skip-stop elevator lobby on the fourth floor. The atrium opens up
like an aperture to a large glazing panel on the right-hand side of the plan.
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Atrium mesh construction mock-up diagram. Design
development drawings are generated so that a discussion
with fabricators can occur as projects are moved into detailed
design. At Morphosis, the design is married with the
production method to control costs as well as to ensure the
project intent is maintained. Mock-up diagrams which extract
a local portion of detail to be studied are critical to this
process. This also allows for collaborative relationships

e P L e during the design and fabrication stages.

ATRILM 15 CUT DUE TO PROGRAMMATIC NEEDS

Rationalisation of the atrium surface geometry from a vertical
void within the building’s mass. Programmatic and circulation
needs dictated the atrium form and allowed for the
refinement and formal development of the atrium mesh. o

Text © 2009 John Wiley & Sons Ltd. Images © Morphosis

CREATION OF ATRIUM MESH
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The $300,000/Year Architect

Could building information modelling (BIM)
shake up not only design and delivery
processes, but also be set to redefine the
construction hierarchy? Could it shift the
architect’s position from near the bottom of the
current food chain to one nearer the top?

Urs Gauchat, Professor and Dean of the School
of Architecture at the New Jersey Institute of
Technology, outlines the architect’s place in a
complex future where there is an increasing
demand for buildings but a demise in available
materials and conventional energy sources.

The idea of the architect as choreographer
who makes traditional approaches to dance
needs to be expanded to allow for form-
giving based on parametric design and non-
traditional ideas. At this point architecture
no longer needs to be restricted to an
b 4 f extrapolation or interpolation of historical
s, ; precedents. With information modelling,
architects can simultaneously be much more
connected to design while understanding
construction, and bringing together design
and making like never before.



The impact of building information modelling (BIM) and
integrated project delivery (IPD) is likely to create more
opportunities and more pitfalls than the CAD revolution
has managed to over the last 25 years. It is not yet
evident whether BIM will lift architects to new heights or
whether it will lead to further marginalisation. Unlike
CAD, its transformative power on the profession will be far
swifter and thus more consequential.

This positive trend will provide the context for BIM for
at least the next 25 years. The increase in building
volume will be driven by the rapidly expanding economies
of China and India, and by an unprecedented rate of
construction elsewhere. Even given the financial outlook
in the US and around the globe at the time of writing, the
rate of construction will, over the coming years, be
unprecedented. Currently, all of the buildings in the US

account for approximately 230 billion square feet (21.4 billion
square metres). It is anticipated that by 2030 there will be a
need for an additional 106 billion square feet (9.8 billion
square metres) of new construction as well as 97 billion square
feet (9 billion square metres) of reconstruction.’ This is the
equivalent of 90 per cent of all buildings in the US today.

Similar unprecedented rates of growth are predicted
throughout the world. The worldwide need for building will
create a scarcity of resources that will bring about radically
different building design and delivery methods. The materials,
methods and techniques employed now will have to evolve in
response to finite commodities such as iron, ore, coal and
bauxite. In addition, staggering amounts of energy will be
consumed in the production of building materials such as
cement, glass, steel and aluminium. Other building materials,
including plastics, are petroleum based.

SUMMARY OF TOTAL DEVELOPMENT NEEDS: 2000 - 2030

450 Billion 100%
400 Billion 90%
Z  350Billion 80% 1l
- 70%
= 300 Billion W
oo I
— 250 Billion = UhA (
i = 50%
Ll e L
o 200 Billion Q
L ; o 40% -
g 150 Billion o a0 -
S 100Billion 20%
50 Billon j 3 10%
0 T T T 0% = T
TOTAL TOTAL NEW AND PERCENT TOTAL 5;!33 %%HEA:SE
SQUARE FEET SQUARE FEET REPLACED SQUARE FEET
PERCENT OF
(EST.2000)  (EST.2030) SQUARE FEET s e
IN 2030
SQUARE FOOTAGE PER REGION SQUARE FOOTAGE PER REGION
KEY
ENORTHEAST ENORTHEAST AND MIDWEST
COMIDWEST  IESOUTH AND WEST
ESOUTH HATION
EWEST

Staksscy hom Toward a kew Memopcks: The Opporusity
1o Returkl Asiaia Aithar C Meban)

Despite the present economic woes, the long-term prognosis for construction remains positive. The long-
term trajectory is, of course, subject to cyclical moves in the economy. Nevertheless, the long-term prospects
are driven by strong underlying fundamentals and, despite economic fluctuations, will continue to trend
upwards. Data from Arthur C Nelson, Toward A New Metropolis: The Opportunity to Rebuild America, The
Brookings Institution (Washington DC), 2004. Graphic based on Appendix Tables, pp 26—41.

]
[



Buildings are already responsible for approximately
half of the world’s CO, emissions, as well as
disproportionate amounts of energy, water, refuse and
pollution. All these factors will add to the pressure to
develop new approaches and innovations that conserve
not only energy, but also finite materials in the
manufacture, construction, operation and recycling of
buildings. This new context will sorely test the ability of
the architectural profession to adapt and adjust to a new
business climate, and BIM will be one of the keys to this
necessary metamorphosis of design and construction.

BIM not only provides the possibility of seamless
communication between all the participants in the building
process, but also holds the promise of real-time links to
various live databases. This, in turn, will have a significant
impact on the decision-making process as design projects
are developed, with informed decision-making processes
leading to more highly informed design proposals.

The present design and building process can be seen
as a Darwinian food chain. At the top of the food chain
are investors, private equity firms, hedge funds and
financial institutions. Somewhat lower down, yet still near
the top, are developers and owners. Still lower are

contractors, owners’ representatives and construction managers,
followed by architects, engineers and allied professionals. Near the
bottom of the food chain are construction workers and others engaged
in manual labour. By enhancing the architect’s ability to create value,
BIM could radically change the profession and wrench it from its
present trajectory of marginalisation, eventually opening the way for
architects to move further up the food chain.

Parallel Developments

A parallel, but equally relevant, development is the quiet revolution
that has taken place in the real-estate business. This is due to a radical
shift in the nature of building clients and sponsors. The days when
aristocratic and benevolent patrons were the major sponsors of
architecture are now in the distant past. Also waning are individual
entrepreneurs with edifice complexes. These traditional clients are
increasingly being displaced by private equity firms, hedge funds, real-
estate investment trusts (REITs) and other financial institutions. To
these new entities, real estate is just another financial vehicle: they are
driven by sophisticated analyses rather than ego or pride of ownership;
they are shrewd and constantly compare real-estate investments with
alternative and potentially more productive uses of capital. Their
investment strategies centre around three major variables: yield, safety
and liquidity. Recently, returns on investments in commodities have

>

image Courtesy of Skidmors Gwings * Merrill

Skidmore, Owings & Merrill (SOM), Building Development Information Model, New York, 2008
Building information modelling (BIM) platforms such as Revit and Digital Project allow a 3-D virtual
computer model to be linked to any variety of databases used for the scheduling of components or
the costing of those components. BIM can dramatically expand decision making and information
flow, an approach that produces a much higher degree of accountability and predictability, and also
raises the question of who is in charge of the process, who owns the virtual model, who is taking
the risk and who reaps the rewards. The chart here, developed by SOM, illustrates this point.
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The Darwinian food chain in terms of
reward compared with the intellectual
contribution to the design and building
process. BIM could finally open the way for
architects to move further up the food chain.
Those lower on the food chain, including
architects, have traditionally been seen as
non-essential to the construction process
and therefore easily replaced.
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By enhancing the architect’s ability to create value by
linking decisions made during the design phases to
construction and assembly operations during the
construction phases, BIM has the potential to radically
change the profession and to wrench it from its
present trajectory of marginalisation. Architects may
then be able to re-establish themselves as central to
the construction process.

been promising, and consequently large amounts of capital has shifted
to commodities from less liquid and lower-yield investments such as
real estate. Capital reallocations such as this are triggered by mega-
trends as well as local economic fluctuations. Since capital does not
have any allegiance to sector nor location, it will inevitably seek to find
the highest return with the least amount of risk.

Given this situation, what is the role of information models and IPD?
BIM makes it possible to see the effects of decisions in terms of cost,
energy efficiency, material availability and other project expenditures.
It is therefore of particular interest to this new kind of client. The fact
that a building can be run and tested via an electronic model is akin to
Boeing creating a virtual 777 and testing all the systems electronically
prior to it going into full-scale production.” BIM removes uncertainty
and therefore reduces risk. Owners, financial institutions and investors
alike have a pathological dislike for unknowns and concomitant risks,
thus the added value provided by architects using BIM justifies higher
fees and even their possible participation in the economics of building
development projects.

Information Models in Design Practice

It is important to keep in mind that BIM is merely a tool, albeit a
transformative one. Therefore, contrary to a common misconception,
BIM should have no negative impact on the quality of design. Indeed,
the ability to do cost and benefit analyses during the design process
should encourage more daring and unconventional design as alternative
and far-fetched solutions can be evaluated on an equitable basis.

Many view BIM primarily as a software program. This is based on
the assumption that ‘CAD jockeys’ would merely be replaced by ‘BIM
jockeys’. Instead, the use of BIM to its full potential will require very
high levels of skill, experience and judgement. The traditional
draughtsman or junior architect of yore is not in a position to
simultaneously design and evaluate a myriad interlocking decisions.
The integration of design decisions, cost implications and
construction feasibility requires an inordinate ability and a highly
elevated level of responsibility. The activities of such an architect
can be compared to piloting a modern commercial jet instead of a
single-engine private plane. This new professional will have a much
greater impact on the quality of design, constructability and cost.
Individuals capable of performing such a complex and demanding
role are rare and will therefore be sought after. The added economic
value they can provide should elevate their salaries to the equivalents
of those of top lawyers and doctors.

The impending changes have some interesting effects on the nature
of practice. Architectural practice is in the process of bifurcating into
the adherents to traditional models and those who take advantage of
technological change. The technologically more advanced firms, such
as those represented here, are likely to grow further and further apart
from the pack; they will be capable of providing much higher and more
comprehensive levels of service and raising the expectations of clients.
It is likely that it will become increasingly difficult for traditional firms
to compete. In other words, the penalty for resisting change will
increase dramatically over time.



BIM has for some time played a significant role in non-building applications, and other markets have been
ahead of the building design and construction industry in taking advantage of information modelling. It has
allowed engineers and scientists to simulate conditions to virtually fly planes and run refineries prior to
construction. Going beyond depiction, information models, such as this fuselage of a Boeing 777, are operative
and bring a new level of sophistication and informed decision making to design and building.

Information Models in Architectural Education

Just as the profession is likely to bifurcate, so too will the
architectural schools: into the more traditional
establishments that will continue to foist an educational
programme on students that was modelled on the
teachers’ own educational experiences, and the more
progressive schools that are able to make the necessary
investments and faculty adjustments to educate a new
breed of architects. These two trajectories are also likely
to grow further and further apart. For each school the key
question is how to position itself vis-a-vis other schools
and vis-a-vis a changing profession.

In principle, much of traditional education in
architecture was based on an emulative model that has
changed little since the Beaux Arts period. It was
predicated on the idea of an apprenticeship to a master. A
student’s education was based on building blocks of
knowledge from authoritative sources taught by authoritative
figures. The challenge of architectural education today is
how to produce a new kind of professional with distinctly
different skills sets, attitudes and knowledge.

The current conundrum in architectural education pits
the traditional pedagogical framework, which relies heavily
on personal visual judgements, theories of composition
and proportion, against parametric design, which combines
performative criteria with algorithm-driven design.
Parametric design offers solutions that can neither be
imagined nor judged by today’s subjective-aesthetic
standards. BIM has a place in both of these approaches,
though it is more integral to parametric design.
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Another aspect of the educational equation is the changing
nature of architecture students. Millennials (that is, students
born between 1980 and 2000) have different qualifications and
interests compared to previous generations of students. But
more importantly their brains seem to be wired differently — the
result of exposure of their brains to digital information during
the early developmental stages and during periods of particularly
active synapse formation.?

A changing professional landscape will require changing
emphases in architectural education. New imperatives will bring
different professional attributes to the fore and displace many
time-honoured skills, attitudes and knowledge. Despite the most
far-sighted and informed goals, each institution is operating
under many real or imagined constraints. The education of the
complete professional of tomorrow must emphasise some
attributes that depart markedly from the past, for example:

e Judgement is probably the most important yet elusive
characteristic of a complete professional. With almost infinite
amounts of information, judgement is needed to discern
which information is relevant and which is extraneous.

e Teamwork will be required to design and implement complex
building projects. Increasing time pressures and economic
realities make it imperative that teams have access to the
necessary expertise to make informed decisions. The most
challenging aspect of teamwork, however, is to foster rather
than inhibit creative design and design excellence. Teamwork
implies neither consensus nor collective decision making.
Instead, design teams require inspired leadership to avoid
being mired in mediocrity.



PREVIOUS UNIVERSITY COURSE
REQUIREMENTS DISTRIBUTICN

Curriculum of the School of Architecture at the New

Jersey Institute of Technology. Instead of a traditional
framework of dispersed ‘technical’ courses such as
structural fundamentals or environmental and
enclosure systems, the school recently implemented a
series of eight building systems courses that seek to
expose relationships in the design and coordination of
building systems (plumbing, structural, mechanical and
so on) within an architectural context. Coupled with
specific design problems consistent with the study
year, the content imparted can be more successfully

linked through information modelling to become the

REVISED UNIVERSITY COURSE
RECLIREMENTE DISTRIBUTION

common platform for studio and systems courses. It is
designed to reflect the needs of the profession 15

years hence, and is intended to foster the key
attributes of the complete professional of tomorrow.
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e Technical skills are also essential components of a
complete professional. BIM and IPD are among the
critical techniques that will enable the next stage in
the evolution of the profession. The need to
communicate effectively using different BIM platforms
will place increasing emphasis on interoperability and
agreement on common standards.

e |ntimate knowledge of the design and building delivery
process is needed in order to be the most effective
participant. Particularly in the US, the current
constellation of professional roles and contractual
relationships are a preamble to conflict and acrimony.
A realignment of interests in which all participants
share in the success or failure of a project provides a
more effective and profitable modus operandi. As the
boundaries between professional roles become further
eroded, a full realisation of the potential of IPD will
result in more productive and profitable collaborations.

e General education must not be marginalised. A
rudimentary understanding of business principles,
psychology, social science and traditional liberal arts
provides an effective remedy against the myopia of
many professionals. Architectural education must not
give in to pressures to trade off general education in
favour of professional subject matter. Much
professional knowledge ages quickly, whereas good
general education will always provide a sound
framework for lifelong learning. Moreover, a general
education provides an excellent opportunity to hone
skills in communication and reasoning.
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e Talent comes in many forms. In complex buildings there is a
continual give and take between team members, who use their
respective talents. Although the designer is still first among
equals, he or she may no longer necessarily lead the design
process. Complementary expertise and a range of talents are the
prerequisites to a successful design solution.

The way in which these attributes are addressed in the education of
an architect will vary from school to school. In each case, a close
collaboration between the profession and the school will ensure that
the respective educational model is properly calibrated. Changes in
the profession must be the result of collaboration between
educational institutions and architectural firms; they are dependent
on each other and can thrive only through constant give and take.

It is crucial that educational models be developed that
unleash the creative impact of inspired design using the full
arsenal of new techniques. Architecture is at an exciting
crossroads. Both the profession and education need to work
closely together in the pending metamorphosis to ensure that
architecture will have the best days ahead of it, rather than
behind it. What an exhilarating prospect. o
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Al Homro Firdous Tower

Kuwait City, Kuwait, 2008-

Skidmore, Owings & Merrill

By Gary Haney

At night, the central void of the tower is
lit from within. As the envelope turns,
the light fades away, emphasising the
three-dimensional quality of the tower
and its internal space.

The lobby structure is one of the most
prominent elements of the project.
Designed as a cross-bracing structural
system, this 20-metre (65.6-foot) high
formal entrance to the building acts as a
light filter during the day and reveals its

silhouette at night.



Located in the centre of Kuwait City, the Al Hamra Firdous Tower is a 412-metre (1,352-
foot) high skyscraper housing a 20-metre (65.6-foot) tall lobby, two sky lobbies, a sky
garden, six service floors and 62 office floors. Currently under construction and due for
completion in 2010, the award-winning structure is designed to maximise views of the
gulf and minimise solar heat loads. Its unique sculptural form was generated through an
algorithmic design process. This was subtractive, similar to chiselling out the parts that
are not needed from a block of stone. The 60 x 60 metre (197 x 197 foot) building
footprint was first extruded to 412 metres (1,352 feet). The centre of the square was
then hollowed out to define a 13.5-metre (44-foot) lease span, creating a doughnut-like
form. To achieve the target 2,200 square metres (23,680 square feet) floor area, one
quarter of the doughnut was removed, starting from the southwest segment at ground
level and gradually rotating counterclockwise to the southeast segment at the top to
maximise views and minimise solar heat loads. To accentuate the spiralling of the void,
the southeast tip of the building was raised to become the tallest point.

The perception of movement around the tower is the result of the spiralling
trajectory of the removed floor plates. Designing the subtraction process of the object,
rather than the object itself, creates a phenomenal artefact that has a perpetual
dialogue with its missing counterpart.

The simple design logic of the tower, which can be summarised as one continuous
line, creates complex, double-curved, sheer concrete flare walls at the cut edges of the
doughnut. These are sheeted with rainscreen walls, the stone panelling for which,
following the reference geometry, was rationalised through a computational process
using point clouds and scripting. This algorithmic approach to design created a rule-
based framework for a series of interconnected and interdependent processes to occur,
giving a rational, almost scientific, rigour to the design process.
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Flare-wall subdivision. Despite the complex geometry, the optimisation of the panelling
process yields a highly economic result of 94 per cent identical stone panels.
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Lamella model. The spatial and aesthetic qualities of the
lobby and its structural members were tested and
confirmed using 3-D printing technology.

Formwork shop drawings. The shop drawings were derived
from the 3-D model of the lobby and show the multiple
plan cuts along the length of the structural members.




Construction photograph and digital model. The 3-D lamella model was instrumental in the
design documentation process. The accurate three-dimensional description of the structure
allowed for its realisation within the constraints of a challenging time frame.
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The shape of the hyperbolic flare walls is the result of the
it "‘J.'_ subtractive operation in the form-generation process. Geometrically,

these walls are defined as hyperbolic paraboloids. o
Geometry formation diagram. The form of the tower was

generated through an algorithmic design process. This
process is subtractive, similar to chiselling out the parts
that are not needed from a block of stone.

Text © 2009 John Wiley & Sons Ltd. Images © SOM
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Architecture has always been packaged in eras of style.
Today’s culture of technology allows us to break from this
model and look towards a future of performance-based
design. This is not to say that aesthetics, or stylistic
trends, disappear or become unimportant, but that the
designer gains creative freedom when the end result is
measured against performance criteria rather than

rules of style.

The education of the architect is one of problem
solving. In order to be open to new and unexpected ways
of thinking, it also helps to have a broad education, with
an awareness of the world outside the profession. This
was the model during the Renaissance, which produced
the architect as master builder. The partners and many of
the staff at Sharples Holden Pasquarelli (SHoP) have
undergraduate degrees in diverse subjects such as history,
fine arts, English, law, engineering, economics, finance
and biology. This impacts the way the firm thinks, solves
problems and engages with others including engineers,
clients and contractors. The practice is inspired by the
example of Burt Rutan who, with a group of young
engineers, was able to formulate a strategy for the design
of SpaceShipOne, which won the $10 million Ansari X-

SHoP Architects, 290 Mulberry Street, New York, 2008
View from the south. Local zoning regulations required the
use of masonry on street-facing walls. The building was
conceived as a Modernist massing clad in a ‘contextual cloak”
of brick. The design is intended to celebrate the possibilities
of modern masonry technology, while acknowledging that the
brick is panellised. The windows of these facades are
punched, as is typical of older brick construction, but the
openings are staggered to work with the repeat pattern of the
rippled surface. The south wall has horizontal clerestory
windows in the bedrooms and master bathrooms.
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Prize in 2004 for becoming the first privately funded craft to enter
the realm of space twice within a two-week period.

While there have been great advances in the science of building
materials and components, there has been little progress in the
means and methods of design and construction during the
previous half century. However, developments in digital technology
are now creating an impetus for creative intervention in this arena.
One is the automating of fabrication, and another the streamlining
of communication. As digital technology begins to filter into the
everyday lexicon of the construction process, becoming the norm
as opposed to the exception, it is initiating a sea change in the
way buildings are planned, designed and built. At the centre of
this process is building information modelling (BIM).

The benefits and details of BIM are well documented and
beyond the scope of this discussion, which will focus on the use of
BIM to promote communication and integrate the discrete
knowledge of many disparate parties into a holistic process of
planning, design and construction.

From Representation to Innovation

Architects’ first use of three-dimensional modelling was as a tool
to communicate with clients, by offering realistic renderings and
‘walk-throughs’ of their buildings. But these models were dumb;
literally empty shells wrapped in texture maps. Today’s building
information model is embedded with real-time data that can be
extracted for well-informed and timely decision making by many
users throughout the life of the project. Clients, in addition to
visualising what the building will look like, are empowered with
marketing, financial, operations and life-cycle costing information.
This knowledge, in turn, informs a richer dialogue and a more
robust relationship between owners and the design team.

In working with consultants, BIM should be far more than a
simple tool for ‘clash control’ (the identification of conflicts
between building systems). Use of the model and associated
analytic software (for example, structural and environmental
analysis programs) can improve the quality of such systems by
incorporating their parameters into the basis of the architectural
design. When consultants (whose work typically lags behind the
architect’s by at least one phase) enter into the project, the
systems design has already begun. The architectural team is
educated and aware of the issues, and takes an active versus
passive role in the further development of the systems and
integration with the overall design. In addition, not only does the
building information model need to serve as a repository for
increasingly complex information during the design process, it
also needs to be assembled in such a way that each consultant
and fabricator or contractor can later extract the specific
information they need. Information is only valuable if it is
applicable, and a wealth of non-applicable information is actually
confusing and a deterrent to using the model. It is therefore
crucial that the information is edited and made available to each
user based on their individual needs.



Parametric coordination of structure, brick coursing and window
openings. The staggered pattern of the windows gave very little
leeway to adjust the location of columns. In order to optimise panel
efficiency, any local adjustments needed to be applied globally.

Breaking from Tradition: A Team Approach
The precision with which building components are
modelled forces architects to engage with fabricators and
other trades early in the design process. Furthermore,
when the fabrication process is automated, the
technology becomes a shared platform of design and
communication. The logistical barriers to working with
subcontractors prior to letting a contract challenge the
design-bid-build method. Certain trades may be engaged
early in the design process, on the basis of partially
complete documents, and their input can be utilised to
finalise the documents, or they may be engaged
independently of construction for ‘design assist’ services.

The BIM environment thus tends to encourage an
integrated project delivery (IPD) approach in which
parties to the project band together contractually in a
unified, collaborative effort. In the traditional owner-
architect-constructor model, the architect and the
constructor have an adversarial relationship. The joint-
venture nature of the IPD concept not only adds value to
the design process by engaging a wider knowledge base
at an earlier stage of the project; it also places parties
on the same team and changes the liability landscape.
Assuming properly crafted contractual relationships,
risk-management activity shifts from reactive (finger-
pointing after the fact) to proactive (where team
members work together to target and prevent costly
mistakes before they happen).

Prior to construction, the building information model
becomes a way for the team to practise-build the project.
In order to be effective, those who build the model need
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SHoP Architects, Rector Street Bridge, New York, 2007

Physical model of the Rector Street pedestrian bridge proposal. The original box-
truss superstructure supports the walking surface, while the composite frame
supports, and gives shape to, the enclosure. In the model, this exoskeleton is a
digital print, producing an immediate translation from the virtual to the physical.
In reality, the actual scale and material fabrication processes require intermediate
steps such as moulds, templates, assembly of smaller components and so on.

to be in the field in some capacity during construction, otherwise this
knowledge is wasted. Those who have created the model have ‘lived’ in
the building for months (or years), can anticipate potential conflicts,
understand sequencing issues, and can recognise when a constructed
element looks wrong or out of place. The later a conflict is discovered,
the greater the potential cost in terms of delays and correction of the
work. The trend towards outsourcing BIM overseas, to save on labour
costs, is therefore counterproductive to the intent of the exercise.

Case Studies

Rector Street Bridge, New York, 2007

Immediately following the attacks of 11 September 2001, SHoP was
asked by Battery Park City Authority (BPCA) to design a temporary
pedestrian bridge that would reconnect Battery Park City with the
rest of Lower Manhattan. The bridge was designed with a largely
opaque enclosure to prevent it being used as a viewing platform for
the World Trade Center site. Constructed in 2002, Rector Street
Bridge was intended to be taken down in 2004, and has now outlived
its intended use.

At the time of writing, several options for reconfiguration or
relocation of a new bridge are under consideration. One proposal is to
open up the bridge to views over the city and use materials more
consistent with the goals of the proposed 9A Greenway. This new
bridge would reuse the existing structure, thus there is a
predetermined maximum design load. In addition to weight limit,
performance criteria include passive thermal control (shelter from
wind and resistance to heat gain), drainage and ice control (water
and ice must not be shed to the road below), protection of the
pedestrian walkway from rain and snow, lighting conditions
(maximising daylight while reducing glare and providing optimum
lighting at night) and air quality.



SHoP began by looking at two lightweight materials:
ethylene tetrafluoroethylene (ETFE) supported by a glass
composite skeleton (the original box-truss superstructure
supports the pedestrian walkway and the enclosure, but a
secondary structure is required to give form and provide
more flexible points of attachment for the enclosure).
ETFE is a high-strength plastic that can be used in pillow-
like pneumatic systems for lightweight, transparent or
translucent long-span enclosures.

For the design of the composite structure, SHoP
worked with custom boatbuilders New England
Boatworks, who were contracted by BPCA in a design-
assist capacity. These fabricators brought to the project
not only their wealth of knowledge and expertise in the
design and construction of complex composite structures,
but also their enthusiasm and unique viewpoint. It soon
became apparent that both architects and fabricators
shared a deep passion for structural and design
optimisation, and utilised many of the same digital tools.
SHoP also worked closely with ETFE cladding consultants
Vector Foiltec, with SDK Structures for the engineering of
the composite skeleton, and with Buro Happold as
general structural and mechanical engineers for the
project. In addition, students from the product
architecture and engineering programme at Stevens
Institute of Technology in Hoboken, New Jersey, used the
bridge as a case study for daylighting analysis as part of
their coursework. One such study focused on the potential
of altering pattern densities on the ETFE to reduce glare
and heat gain while maximising views and daylight.

Software compatibility was crucial to the bridge
project. Custom macros were developed to extract
information, such as dimensions and key point
coordinates, and transfer it to other applications. This
allowed all of the participants to use the best software
for any particular task while keeping all models
coordinated to avoid errors. (Many of the information
transfer tools and protocols were developed by the
students at Stevens Institute.)

In theory, automated fabrication holds the promise
that variable components can be produced at close to the
same cost as standardised components. For example, a
laser cutter working from a digital file can cut many
different shapes for the same cost as cutting the same
number of identical shapes. The adoption of parametric
modelling affords a similar economy to the design
process. Rather than individually detailing each
situational instance of a varying design, a single
prototypical instance can be detailed that anticipates
varying situations and governs the outcome. Indeed, the
design of the guardrail for the approaches to the bridge
took advantage of this methodology. The rail consisted of
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The design workflow for the bridge broken into three parts: canopy,
structure and site. The early design (concept/schematic) was developed
through traditional iterative explicit modelling (Rhino) and 2-D drawing
(AutoCAD) in order to facilitate quick and varied design changes. Once
the overall design approach was identified, the canopy model was
rebuilt in a parametric solid modelling platform (Digital Project) to enable
more robust and detailed model development. The structural model was
built in a parametric BIM platform (Revit) for coordination and
documentation with the canopy model. The site work remained in 2-D,
but was referenced into the coordinated BIM model. The parametric
canopy and structural models were the primary ones used throughout
design development and preparation of the construction documents,
although specific design exercises were carried out in other modelling
platforms: Rhinoceros for explicit modelling and Autodesk Inventor for
design studies and fabrication models. All documents, both internal and
external, were coordinated through the building information model.
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Simulation of the amount of solar radiation hitting the ETFE pillows
throughout the summer on the bridge canopy, suggesting that the
pattern should be densest on the portions coloured yellow (at the bridge
roof) to reduce glare and heat gain. While seeming self-explanatory, the
amount of local adjustment in the information model to modulate
openings was critical to the performance of the canopy. Studies
concerned the use of lighting and solar radiation analysis to generate
potential pattern densities for the ETFE in order to reduce glare and heat
gain, while maximising views and daylight. By varying the pressure in
the ETFE pillows, printed patterns can be programmed to change
throughout the day in response to changing lighting requirements.



punched and folded metal panels, the governing design
for which was the same. However, the dimensions and
geometry of the individual panels needed to vary to
respond to changing conditions — such as the slope of a
ramp versus a stair, and so on. Simplified
representations of the panels were developed in the
building information model. Automated routines then
extracted key parameters from this boundary geometry
and used them, in another software, to build detailed
models suitable for automated fabrication.

The final design of the canopy structure was
optimised for cost efficiency and structural and
environmental performance. While form and aesthetic
were always considered and shaped by the members of
the design team, the specific end result grew out of the
computational design process. Collaboration with
specialist fabricators in the early stages of the design
process allowed for a fluid dialogue between design
objectives, fabrication constraints and the potential of
the materials.

ﬁ

SHoP Architects, 290 Mulberry Street, New York, 2008

The master (positive) from which form liners (negatives) are
made represents a significant part of the panel fabrication cost.
Once the general concept was determined, the design was
driven in large part by the goal of optimising the efficiency of
the master. The size and shape of individual panels were driven
by aesthetic, structural, shipping and installation concerns.

290 Mulberry Street, New York, 2008

This 13-storey residential condominium building, developed by
Cardinal Investments, is located in New York City’s Nolita district,
across the street from the historic Puck Building, one of the city’s
most recognised and distinctive masonry buildings. Local contextual
zoning regulations required a predominantly masonry facade. The
design concept thus grew out of a desire to explore and celebrate the
possibilities of modern masonry construction technology. The rippled
brick facade treatment acknowledges the fact that the brick is
panellised — the ornamental motif of the ripple would have been
difficult, if not impossible, to lay by hand, and the panels clearly
read as a curtain wall as opposed to attempting to mimic load-
bearing or infill construction.

Prior to this project, SHoP had used parametric modelling only to
resolve complex geometries or for digital fabrication purposes. Base
buildings were still drawn in 2-D using traditional methods. 290
Mulberry Street therefore became the pilot project for the
implementation of BIM as the office standard, and was used to
understand the capabilities of the software, train staff and develop
best practices including consultant interface and interoperability
with other software tools. This interoperability is of paramount
importance in order to effectively use the best tools for any given
task. For the Mulberry Street building, the complex geometry of the
facade was developed and detailed outside of the building
information model, and boundary geometry imported for reference
and coordination purposes only.

Initial conversations with brick-panel fabricators informed the
general design of the facade. However, parameters vary between
fabricators (for example, weight of concrete backing, type and coverage
of reinforcement, preferred method of attachment and so on). The
parametric model of the facade needed to be precise enough to
account for very small tolerances in the brick coursing, and flexible
enough to allow for modification as the panels were fully detailed.
Scripts were developed in-house to control such factors as variation of
brick dimension, coursing and minimum coverage of the bricks as they
‘step’ in the rippled pattern, size and location of panel joints and
windows, and location of columns. Other considerations were size and
weight of panels for transportation and installation, structural loading
and cost. During the ‘shop drawing’ stage of the panel design, the
fabricator (Saramac) built their own digital model, and this was
repeatedly checked against SHoP’s own model for inconsistencies.

The north and west facades of the building are brick curtain walls —
precast-concrete panels with bricks embedded in the surface. They are
produced in a factory, shipped to the site and installed with a crane.
Panellised brick can offer higher quality control and lower labour costs
than on-site cavity-wall construction. Panels are fabricated using a
rubber form liner into which the bricks are set, steel reinforcing is
placed and concrete poured. The master mould from which all the form
liners are produced is in essence a composite ‘positive’ of the entire
curtain wall, and was milled directly from SHoP’s digital files. Because
the cost of this component is high in relation to the overall facade cost,
it was desirable to generate the greatest variety of panel shapes from



Panel fabrication. Bricks are set face down in rubber liners,
reinforcement and embeds are placed and concrete is poured.
For large runs, multiple liners can be cast from the master for
the simultaneous production of identical panel types.

A typical panel cures in the yard prior to shipment. The back-up
concrete is tinted to the desired colour of the mortar joints. The
architects chose to expose this concrete at the window returns as well.
Three typical panels come together to form a window opening, and
matching concrete sills were cast separately and placed in the field.

Completed and installed panel details. The joints between
panels are integrated with the global design of the facade and
panel order. Panels at the south wall, residential entrance and
store front are cast from the tinted grey concrete that is used as
the mortar material on the brick panels.

the least amount of master mould and form liner. While the
panel fabrication was competitively bid, the master mould and
form liner fabrication was specified as a sole source contract
(through Architectural Polymers) allowing SHoP to secure this
trade input and create mock-ups early in the design process.

As the Mulberry Street building is a speculative development
project, the building information model also provided key data
extraction for a variety of team members, including marketing
and financial planning. Live links between the model and
various zoning and code calculation schedules and legal
documents also drastically reduced the design time required to
keep this information current and error-free. As BIM technology
becomes mainstream, it will no doubt in most sectors be utilised
to cut costs while maintaining minimum design standards. For
the rest of us, the hope is that by working more smartly we will
be able to remain competitive throughout changing market
cycles while devoting more of our time and effort to innovative
design and improved construction quality.

BIM: Building Information MANAGEMENT
One can argue that there is no such thing as a bad decision, only
an uninformed one: that is, in a world in which all information is
known, one would always make the ‘right’ decision. Fluid
communication is critical to information transfer. Getting
information to people who need it for decision making lessens
the probability of uninformed, ‘bad’ decisions. Transferring this
information quickly reduces project timelines (people wait for
information in order to make informed decisions, or they make
uninformed decisions that result in redesign and construction
delays) and waste (from construction errors and over-estimation
of materials). As information is shared among the parties
working on a project, the knowledge base of the group grows
exponentially and contributes to a higher-quality end result.
SHoP has recently launched a construction management
firm, SHoP Construction Services, to provide construction
advisory and construct-assist services, and also to serve as a link
for the architecture firm to the knowledge pool of the
construction trades. The project management strategy of the
new company focuses on the building information model for
information sharing. Through IPD (various joint-venture models)
it is securing the input of allied trades early in the design
process to build robust, fully coordinated models. These models
will be kept ‘live’ during the construction process to reflect as-
built conditions and detect and resolve discrepancies. A future
goal of the company is to develop seamless tie-ins between the
building information model and automated facility management
systems, providing an invaluable tool for building owners and
allowing the practice to better integrate life-cycle costing and
building management information into the future planning,
design and construction of new buildings. &

Text © 2009 John Wiley & Sons Ltd. Images © SHoP Architects




" Building, Fashion Insfifufe of Technology

New York, 2009-

SHoP Architects
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The new 10-storey, 9,132-square-metre
(98,300-square-foot) C? academic building.
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As the main establishment for fashion and design education in
the US, the Fashion Institute of Technology is unique in that it is
located directly in the heart of the fashion industry it teaches.
However, the school lacks a clear sense of place within the city.
One of the primary goals of SHoP's design for the new C
academic facility was therefore to create an iconic building that
would form a lasting identity for the school, and one that would
also functionally link existing academic spaces within the adjacent
campus buildings with new classrooms, faculty and administration
offices, and a sunlit student hall for gatherings and events.

The new building is highlighted by a multilayered glass and
metal facade, within which are nested the primary circulation and
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the review and exhibition spaces, connecting the design studios |+ FcsoE semonTED BY

with the skylit student quad on the fifth floor. An express

escalator takes students directly from the street lobby to this i

floor, which is also the point at which adjacent buildings on the LM SPAN STERL IAS LPPOAT
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campus connect.

The C? addition will be a LEED-certified project and, in a
state-sponsored initiative, the upper portion of the south-facing
facade of the atrium will house a new and experimental dynamic
solar curtain-wall system to reduce heat gain and control glare.

Just as a loom builds form and structure simultaneously, this ™ Green Feaiurms [
new building type allows the simultaneous interweaving and
construction of its structural systems, environmental technologies e
and visual permeability.

The structure consists of four main parts: the
lower-level framing system that houses classrooms
and laboratories; the vertical trusses that contain
the building’s cores and supports; the long-span
steel trusses that bridge over the column-free fifth-
floor student lounge; and the cable facade that
encloses the primary building circulation.
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IC Solar Facade is a next-
generation photovoltaic facade
system that produces three to four
times the amount of energy of the
best photovoltaic technology
currently available. Its electrical
efficiencies are the result of the
innovative use of Fresnel lenses in
conjunction with advanced solar-
tracking algorithms. In addition to
its noteworthy power production,
the system also reduces building
cooling loads, improves
daylighting efficiencies and
generates hot water that can be
used throughout the building.
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Design research for the project focused on replicating, analysing and scrutinising the predicted environmental performance of the c?
Building. This work concentrated on three specific topics: site and climate analysis, daylighting analysis and thermal analysis. The
resultant models provided the means by which designing through iterative analysis could be carried out, and laid the foundations for a
highly intelligent parametric DNA from which the building could be designed. This model formed the basis for re-creating these efforts in
advanced software packages so that an Energy Cost Budget model could be developed in accordance with ASHRAE 90.1 standards. &

Text © 2009 John Wiley & Sons Ltd. Images: pp 48, 49 (top inset), 50(t) © SHoP Architects, photos Seong Kwon; pp 49 (bottom inset),
50(c&b), 51(b) © SHoP Architects; p 51(t) © HeliOptix




Automated Assessment of

Building information modelling (BIM) is a powerful tool for clients and architects alike, particularly when clients have
ongoing complex programmatic requirements. Chuck Eastman describes how with his team* at the AEC Integration
Laboratory at the College of Architecture at the Georgia Institute of Technology he was commissioned by the US
federal government’s General Service Administration (GSA) to automate the design guidelines for all US courthouses
in such a way that preliminary designs by architects could be assessed and checked against specific criteria.

Early concept designs are hugely important in

determining the eventual success and impact of a project.

The work of Louis Kahn, Alvar Aalto and Frank Gehry,
among others, has shown how their initial concept
sketches eventually determined the final project, in terms
of creativity, costs, support for the building’s functions,
visual impact and other more general factors. Further
development and detailing later on in the process can
refine and elaborate a good early concept, but can only
partially ameliorate a bad one.

Until now, concept design has been a largely mental
exercise of generating various spatial concepts and
assessing them intuitively, based on the designer’s
knowledge and accumulated expertise. Reliance on such
expertise is perhaps one reason why architectural success
has traditionally come only to those with decades of
experience who are able to bring to bear the wisdom
required to assess and select design concepts worthy of
being fully developed.

While the importance of early concept design has long
been recognised, digital tools to support this stage of the
design process have been sparse and largely
unsuccessful. Perhaps the only significant exceptions
have been 3-D sketching tools such as Sketch-up and
form-Z, which allow the development of concepts in three
dimensions rather than two. However, while such tools
substitute a 3-D sketch for a 2-D one, they do not help
designers when it comes to augmenting expertise.

The construction industry is undergoing a revolution
in terms of data representation. Twenty-five years after
the transition began in the aerospace and
manufacturing sectors, architecture and construction
are now following suit and relying on digital parametric
models of the designed product.1 Another capability
developed in manufacturing was interoperability
between applications using ISO-STEP exchange
standards; the equivalent in construction are the
Industry Foundation Classes (IFC).? Thanks to the
groundwork carried out by these other industries, the
transition of architecture, engineering and construction

to what has been coined building information modelling (BIM) will
probably be much faster as they select from, adapt and add to the
methods already developed. More than half of all architectural firms
in the US now claim to be using BIM.?

Members of the AEC Integration Laboratory at the Georgia Institute
of Technology’s College of Architecture have been working to advance
digital design practices within the process framework defined by the
US federal government’s General Service Administration (GSA), which
is the real-estate management arm of the Department of Commerce.
The GSA is one of the main facilitators of the building industry’s move
to BIM and is responsible for the design and construction of all US
courthouses.* A courthouse provides the space necessary to carry out
the functions of the US judicial system, and the design thus entails
complex issues regarding circulation and security. The programmatic
requirements and best practices for courthouses are spelt out in the
US Courts Design Guide (2007), a 400-page document that outlines
the spatial and environmental requirements, circulation,
communications, security and other factors particular to courthouse
des,ign.5 The AEC Integration Laboratory was commissioned to begin
automating these aspects of the design guide and to work on the
design reviews required for courthouse planning.

The GSA has a very well-defined design process for public
buildings, including courthouses, that is spelt out in its P-100
Facilities Standards for the Public Buildings Service (2005) design
guide.6 This sets out the process, deliverables, reviews and iteration
cycles required to execute a new design and construction project,
and a number of these steps are now being modified to adopt BIM-
enabled processes. The guide outlines the planning and feasibility
steps for a project prior to the contract being awarded to an
architectural design firm. These include the development of a
Housing Plan that identifies all of the space for which federal
funding is required. This initial plan is then refined and expanded to
generate a cost estimate that forms the basis for the application for
congressional authorisation and funding. Once funding is approved,
the architects and engineers for the project are selected.

Upon selection, the architectural firm gains information from many
sources, including the US Courts Design Guide and also CourtsWeb, a
case-based website of courthouse design issues.” It is from these, and
through discussions with the relevant court and GSA staff, that the
initial design concepts are generated.



—arly Concept Designs

The P-100 Facilities Standards for the Public Buildings
Service design guide defines the content of the Preliminary
Concept Designs that are to be submitted by the architects-
engineers for review. These provide a narrative overview of the

g -~ site — its setting, history and context — and also outline
' general considerations regarding visual style, site
characteristics such as local density and proposed building
height, and materials. Along with the general context, the
architectural firm generates multiple spatial concepts. The
GSA requires at least three, and more are usually generated
through refinements and iterations.
: | Preliminary Concept Designs traditionally consisted of a site
- 5 plan that showed the enclosed and outside parking and floor
g - plans of a building, with elevators, stairways and mechanical
E X ' spaces, so that the gross and net areas of each floor could be
assessed. Floor-to-floor and ceiling heights of the spaces were
also required, providing 3-D information that was presented as
massing studies and renderings of the design concept. In this
pre-BIM world, these early designs were presented in paper
format, as floor plans, diagrams and renderings. The GSA
appoints a design review board and carries out background
studies of each submitted design concept, in terms of its
relation to the space programme, codes and standards
(including fire regulations and access) and compliance with
the US Courts Design Guide. It also generates preliminary cost
and energy use estimates to determine whether a proposal is
within the scope of the government’s budget allocation and
energy-efficiency targets. All this was previously done by hand,
by GSA staff or consultants, and involved days of tabulation.
More recently, architects have begun to submit Preliminary
Concept Designs in the form of 3-D building models, which
means their proposals can be partially assessed automatically.
The concept design can now be generated using any of the
GSA-approved BIM design tools. Currently these include Revit,
Bentley Architecture and ArchiCAD, but others such as Digital
Project, Vectorworks and Allplan are also being considered.
However, they must include the following, as set out in the
‘GSA Preliminary Concept Design BIM Guide’ (2008)®
prepared by the AEC Laboratory at Georgia Tech:

Two floors of a test building model for early concept design. The models
consist of 3-D departmental-level spaces laid out on floor slabs without
interior separating walls, but with exterior walls for each floor level.

Massing studies generated from the early
concept design model shown above.
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Revit Model
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Bentley Madel

ArchiCAD Mods=l

e floor slabs defined with target thickness and floor-to-
floor distances — also used for the roof;

e acomposition of 3-D space objects, carefully named,
on each floor slab, with height designating ceiling height;

e exterior walls with no construction, but with per cent
glazing and R-values;

e building placement on the site, with orientation and
above- and below-grade designation.

The above information is the minimum required to define
a Preliminary Design Concept, but is detailed enough to
generate meaningful assessments. Each of the GSA-
approved BIM design tools supports the file export of a
design model in IFC format, the international standard
neutral representation of building model data. The file is
read in an application suite developed with Solibri Model
Checker® as a platform that supports the following automated
assessments based on data read from the IFC file:

1 Spatial validation of the layout, comparing target
counts and areas of the courthouse project space
programme with those of the proposed concept design.

2 Circulation analysis of the layout, based on the
courthouse-specific criteria of the US Courts Design Guide.

3 A preliminary energy assessment, using the Energy-
Plus analysis tool.

4 A preliminary cost estimate, using the PACES cost-
estimating system.

The results provide a uniform set of assessments,
guaranteeing that the same assumptions and criteria are
used for the different variations and iterations of the same
concept design and, over time, across multiple projects.
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The general configuration of the GSA Preliminary Concept Design
assessment tool. Most of the BIM design tools can generate
Preliminary Concept Design models and export them to IFC. The IFC
model can be automatically interpreted to support four assessments:
for space programme validation, circulation and security analysis,
preliminary energy analysis and cost estimation.

As a general syntax- and content-checking application, the
Preliminary Concept Design prechecking review tool assesses whether
the submitted building model has the correct elements, naming
conventions, properties and other structures needed for full assessment.
It returns diagnostic reports of the submitted model, and determines if
and what corrections are needed. Prechecking in this way ensures that
incorrect building models do not lead to meaningless analyses.

Space Names for Preliminary Concept Design Assessment

The spaces within a building are named differently according to
application needs and life-cycle stage. Each of the supported
applications has different naming conventions: rentable space names
are different to those from the US Courts Design Guide, and those used
for cost estimation are different to those used for energy analysis.
While the long-term objective is to develop a master set of space
names for a building type that covers all uses, it could be years before
such an undertaking is agreed on. The AEC Integration Laboratory has
thus developed a name-mapping method that automatically maps
space names for their different uses. The master space name-set is
categorised into elementary and aggregation space names.
Departmental spaces and individual base spaces are often mixed in a
concept design, and the Preliminary Concept Design review tool can
accept such mixtures. Where departmental spaces are shown, the
percentages of space allocation within a department, based on the
building space programme, are used to estimate the areas of the
individual spaces.

Early CD Late CO \1 Energy Analysis Cost Estmation
{Departmsit space] [Masted iaine sel) (Imternal |oad [Space categoiy)
space typa)
@& . .
@ @
@ ®
L .
o @ &
@ ' @
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@ Aggregation space @ Elamentary space  —= Mapping ralation

Mapping relation of space names. Names are mapped to their most disaggregated
base spaces, and then re-aggregated into the classes needed for departments,
circulation and security analysis, energy analysis and cost-estimating applications.

Space Programme Validation

The Space Validation application is an adaptation of the Late Concept
Design Spatial Validation BIM application developed by Solibri for
GSA. The application applies GSA-specific rules for area calculation
and reconciles a design with the Congressionally authorised space
programme. For early concept design models, the AEC Integration
Laboratory developed a version of the space validation application to
deal with the given level of detail of the model. This compares multiple
alternative layouts to the target space requirements of the space
programme and includes the efficiency and adequacy parameters
traditionally used by the GSA to compare alternatives.



The review presents the given building model’s space
programme in an architect-friendly form; for example,
number of spaces, gross area, usable area, building
efficiency and so on. The figure here shows one of
multiple space reports generated.

Early Space Program Review for Concept Design Evaluation
Project: GT Test Courthouse

2 Dwsign parasneter Type Target Concepd 1 Concept 2
Viaalus Actual Value  Actual Value
1 Numbar of Buliding Floors EA L] ]
2 Total bulkding gross aren Area ipsf} 187,260 200,006
3 insida parking area Airan ipsty 10,318 18,380
4 Tokal gross minus inside parking ares Ara st} 181,850 190,026
§ Tosal usable sres Aran i) 188,317 161,100
B Abium ama Arma s} 622 822
7 Building Efficiency (USF/Total gross minus parking aren) Rt %) T L) %
B Mumbar of Cowrosms EA @ L] a
9 Mursber of Special Procesdngailppeats Coutrocms EA <] Mt feaind Bt found
10 Humber of Chambars EA 11 11 i1
11 Nusibai of Inside Paking Spaced EA 4 2 24
12 Humber of Bavaier Spaces on Ba 1 ot Flom EA TED 8 B
13 Elalor Ratio (Totsl Gross Ares [Hurb<r of Elvalor Spaces]  Area el 25,000 32,878 32878
14 Floorio Floor Helght for Coutoom Haight (R 20 20 20
15 Masirmam Cellng Height of Courtroom Haight (f) il 14 18
16 Fioorio Flaor Height for Sp. Pro Cowrtroom. Haight i . Mot foeand Pt found
17 Maimem Ceding Height for Sp. FrocesdingsiAppeals CouwroomHeight () L] Mot fosnd Mot found
18 Fioorio Fioor Height for Ctfice Space Haight () 14 14 (]
18 Mmdmem Cesbng Height of Judges Cramier Haight (f) L] it "
20 Bukding Skin Area Arma imsl) 99,578 100422
21 Total Gross Area to Building Sain Area Pt %) 45550 5l an%
27 Main Enirance’s feor level (Ground Lavel) Lavosd 02 Lowul 02
23 USMS Adrmintitative Offica's Mosr level e 31 LT Mt fenaid Bt found
24 Gioss Area of Frisener Cireulafion and Holding Cell Srea Araa deal} 4,802 14,802

Example space programme validation, assessing two candidate designs
against the a priori space programme. Data from multiple alternative
models are compared with the requirements in a single page.

Preliminary Circulation and Security Assessment

The US Courts Design Guide has many criteria related to
circulation and security. A courthouse generally has three
circulation systems that must not intersect or overlap.
One is for the public, another for the judges, jury and
court staff, and the third is for defendants and US
marshals. These criteria are a major determinant of the
form of a courthouse space plan. For the US Courts
Design Guide, the research team identified 216 different
statements defining circulation issues to be checked.
These were in the form ‘Each appellate court shall have
...", meaning that it applies to all instances of appellate
courtrooms. Some of the statements applied to ‘All
courtrooms shall ...", which means to all types of
courtroom. Since a courthouse can often have more than
10 courtrooms of various types, the 216 rules are in this
case multiplied many times.

In the Preliminary Concept Design, only the
department-level spaces are defined. In most cases, walls
inside walls are not defined, thus exact circulation paths
cannot be assessed and only a subset of the circulation
rules can be applied.

The specific space types have one of three security
types: public, restricted, and secure (for defendants and
US marshals). Among the 216 circulation rules in the US
Courts Design Guide, 43 per cent involve accessibility
between two spaces within the same security zone. These
can be checked simply by identifying their existence in
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the same zone. In order to check the containment of
spaces in a zone, the spaces adjacent and having the
same security level are structured as a logical set. The
test is almost instantaneous.

Actual Building Model
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In the abstraction used for Preliminary Concept Design circulation analysis,
spaces are grouped into sets that are adjacent and have the same security.
The connectivity of these zones is represented as solid edges, vertical acce:
as dotted edges. If the specific circulation rule requires accessibility within
security zone and floor, then the vertical connections are disregarded.
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An example circulation-checking rule for courthouses is that the
‘Attorney Office’ should be accessible to the ‘Grand Jury Suite’
through a restricted zone. In the test model here, there are six
zones according to adjacency and security level. But, even though
the Attorney Office and the Grand Jury Suite have the same
security level (restricted zone), public zone number 4 is placed in
between the two target spaces, violating the circulation rule.




Preliminary Energy Analysis

An early concept design has features that significantly
determine energy-use ranges. These include building
orientation, the building shell’s external materials, floor-
by-floor footprint, insulation and the inclusion of atria,
courtyards and skylights. At this stage designers are
interested in a proposed building’s heating and cooling
loads over the year, required to condition the space within
a particular comfort zone. The intention is to assess the
impacts of these and other features that may significantly
affect energy usage, and to facilitate design decisions
leading to better energy performance.

In order to run the EnergyPlus analysis tool with this
limited information, default values are provided based on
typical values by building type. It is assumed that the
courthouse will be in a city or a town, thus the solar
distribution is set to that for an urban setting. At this
stage the mechanical system is ‘idealised’ to supply the
necessary heating and cooling. Values for internal heat
gains such as occupant density, lighting and equipment
loads are derived from the spaces in each of the building’s
thermal zones, such as the courtroom, judge’s chambers
and clerks’ offices.

Building zones are an important aspect of an energy
model. For preliminary energy analysis, a perimeter and
core thermal modelling approach is used. Preliminary
reporting samples are shown here.
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Example of the current method of automatic thermal zone
generation, based on floor-by-floor perimeter zoning.

Example feedback from the energy
analysis module. The effect of

== small building rotations is reported
to assess orientation sensitivity
and month-by-month energy
usage for heating and cooling.
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Preliminary Cost Estimate

Similar to the energy analysis, the intention of a
preliminary cost estimate is to determine the effect of
particular features of the design, and to gain insight into
the value and potential cost of specific design concepts.
The cost-estimation module is dependent upon two main
components: building model-based data, and cost-driven
data. Data from the building model includes all IFC-
related information, such as mapped space names and
their associated attributes, floor, roof and external wall
areas, material properties and so on.

Cost-driven data includes defining cost types for
different building types and spaces (for example, the
costs for courtroom spaces are different to those for
circulation spaces), and cost-calculation methods. The
AEC Integration Laboratory uses Earth Tech’s Parametric
Cost Engineering System (PACES) software platform for
this purpose.10 Designers can specify the location of the
building by entering the city and state, as well as the
expected date and duration of construction, and fees and
other cost data such as inflation, labour and interest
rates. All values related to functional space areas,
building structure and typical materials are mapped into
expected quantities which are then priced according to
assumptions regarding cost types, including labour,
inflation and local availability. The assumed construction
types and materials at the Preliminary Concept Design
stage can then be tracked to see how the expected
material quantities and costs vary as the design is
detailed, providing a means of value engineering as
design development progresses.

PROJECT DATA

Froject Mame Courlousal
ADDRESS DATA
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Stale Miissour
Counlry LIS
BUNLOING DATA

Faciliby Mame Jefiersan City Courthouse
Model Marme Midrise Courthouse
Mumber of Floors above grade B fMoors
Mumber of Floors below grade 0 flaors,
Building Cross Area 197268 sqf
BURLDIMG SHELL DATA

Foalprinl 3703 sl
Perimeler a7 n
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Roof Area ATWE =qn
Floar ta Flnar Helght Abdve Grade 20 4
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FUNCTIONAL SPACES DATA

Building Suppost Ares 49406 sof
GSA D0 00 OperiClosed Cffice 519 sqf
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Example of building model-based data extracted for use
in cost estimation. The cost estimation is based on
square footage and surface types and areas.
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The Current Status of the Assessment Tool

Modules for the space programme review and the circulation and
security review are operational and provide reports in little more than a
minute for a five-storey courthouse. Most of the running time of this
module is used in capturing images that will be embedded in the
reporting document. The preliminary energy analysis module has been
successfully integrated with the EnergyPlus simulation engine. The
Preliminary Concept Design review tool has been provided with a
particularly simple-to-use user interface that requires minimal
operations in order to run the energy simulation. The Georgia Tech
research team has begun the process of integrating the Preliminary
Concept Design review tool into the PACES database. Once completed,
this will require minimal or no input from the user to produce cost
estimations representative of the analysed design phase.

During its development, the Preliminary Concept Design review tool
has been operated solely by the AEC Laboratory team. However, the
goal is to provide a tool that can sit on any designer’s desktop, making
the review process an integral part of the multiple iterations during the
development of the preliminary design proposals. This also opens up
the possibility for designers to develop their own sets of rules to be
checked, which will allow experienced designers to pass on their
expertise to those with less experience and make explicit the
application of their design intentions for building projects.

Conclusion

The AEC Laboratory’s work demonstrates the value of BIM for early concept
design. The metrics applied provide quick feedback while designers are
undertaking form/programme synthesis. These kinds of tools will not
hinder the realisation of buildings with innovative visual character, but
rather allow creative design to be better informed and debated. Such
tools are also expected to allow younger designers to gain invaluable
experience more quickly using virtual architecture assessments, and to
facilitate the more rapid emergence of new ideas in practice. o
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above: The aluminium extrusions that form the frame of the house
feature a T-shaped groove on each side, which allows the beams and
columns to be fastened with ‘dry joints” as opposed to being welded
or cemented together. The T-groove provides the mechanism for a
variety of friction connections. It serves as the negative receptor for
positive T-shaped bars that join two vertical members and prevent
them from moving out of alignment. Bolt-together steel connectors
accommodate the various horizontal, vertical and diagonal joints. The
T-groove is also used as a channel for operating the sliding doors
within the house.

opposite: The lighting scheme takes into consideration the
transparency of the building materials, while acknowledging the
modularity of the structure. The translucent floors are uplighted with
dimmable linear-line voltage LED modules which have a similar colour
of light to household incandescent lighting and in this application
require the same amount of power as is required for lighting a
standard house. LEDs are generally up to twice as efficient as
standard household lighting. Further, the uplighting is adjustable and
allows the structural plastic ceilings to reflect diffuse light back down
into the space while creating a luminous plane to walk on. To
maintain transparency, the wires are channelled through the grooves
in the aluminium structural members.

right: The house can be customised with a variety of pre-installed
mechanical, electrical and plumbing systems. Quick connections
between elements allow for minimal specialised work on site. The
photovoltaic panels adhered to the NextGen SmartWrap™ gather
energy from the sun and channel it to a battery array in the
mechanical room on the ground floor. Water can be heated by a solar
collector installed on the roof, flowed through a convective loop to a
holding tank, and then distributed to localised point-of-use hot-water
heaters in the bathrooms and kitchens.

Cellophane House makes no claim to permanence. As a structure it is,
first and foremost, a matrix for holding materials together in such a
way that they create an inhabitable enclosure. The key term here is
‘holding’, as opposed to ‘fixing’. Materials that are held are allowed
to retain their identity as discrete elements, and can be released at
any time. When materials are fixed to one another, they become part
of a composite structure, from which they can be freed only through
the expenditure of great amounts of energy. The actual materials are,
in a sense, irrelevant: it is the manner in which they are joined
together that defines the essence of a structure.

In striving for permanence, conventional construction techniques
(including the bulk of techniques used in contemporary prefabricated
structures) fix materials to one another in such a way that they lose
their individuality. A conventional floor might consist of hardwood
flooring impregnated with polyurethane resin, nailed and glued to a
subfloor of plywood (wood veneers bonded by adhesives), which is in
turn nailed and glued to a set of wooden joists. The only way to
retrieve the individual materials from such an assemblage is to
essentially demolish them, a process as inelegant as it is wasteful,
and from which the materials emerge as virtually useless.

Cellophane House, by contrast, is assembled out of discrete
materials held in place using methods that are quickly and easily
reversible. Here, the individual materials retain their integrity and
can be extracted, exchanged, reused or recycled. This is a structure
that can disappear as quickly as it appears.
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! ' vented cavity between the two
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the amount of energy required to
| heat and cool the house. In

i addition, the south side of the
dwelling features Schiico E2
glazing embedded with
photovoltaic cells to give further
energy independence.
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Cellophane House is separated into logical parts, referred to as ‘chunks’,
which are integrated assemblies containing the aluminium frame, floors,
walls, bathrooms, stairs and exterior envelope.
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Yale Sculplure Buillding and Gallery

New Haven, Connecticut, 2008

KieranTimberlake

By Stephen Kieran and James Timberlake
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The Yale Sculpture Building and Gallery extends westwards across the university’s
extraordinary arts district, forging entirely new urban relationships with the city at the edge of
the campus. Situated on a former brownfield site, the new complex invites the city into and
through the site while providing perimeter street frontage where previously none existed.

The LEED Platinum Rating of this project was the outcome of a fully integrated design
process that carried the project from programming through occupancy in 22 months, and
relied heavily on information modelling. A four-storey glass studio building sits in the core
of the perimeter block, with a single-storey store-front gallery on the street frontage to the
north. Adjacent to the studio building, on the west side, is a four-storey parking garage with
retail space on the ground floor. The gallery and parking structure re-establish the perimeter
block, while the studio building acts as a lantern, illuminating the interior core. Mid-block
pathways traverse the site in both directions, drawing pedestrians into the complex at the
campus edge. The east-west path through the site is planned as an outdoor sculpture
garden that stretches all the way back to Louis Kahn's existing Yale University Art Gallery.

The 260-square-metre (2,800-square-foot) sculpture gallery provides appropriately
scaled street frontage adjacent to the historic houses along Edgewood Street. The gallery is
clad in reclaimed wood to mimic the appearance of the existing houses, and the glass walls
on its front fold away to become an open porch. An interior underground ramp connects the
gallery back to the entry lobby of the studio building, and a sculptural steel stair zigzags
from the basement to the third floor. Landscaped terraces on the first and second floors
provide views to the gallery’s green roof and the city beyond.

The 4,738-square-metre (51,000~
square-foot) studio building
contains three floors of individual
and group studios above ground
and basement floors of classrooms,
machine shops and administrative
spaces. Conceived as a loft
building to accommodate a range
of artistic activities, the structure
has an exposed steel frame.
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SECOND FLOOR PLAN
SCALE 1:250

LOBBY / LOUNGE

The large expanses of windows in each studio space provide 2 per cent
daylight factor levels and views of the surrounding environment.
Operable windows allow personal control over studio ventilation and
daylight dimming ballasts are installed in all perimeter occupied spaces,
subtly responding to interior light levels and providing full workspace
lighting when natural lighting falls below 30 foot-candles.

PRESENTATION SPACE

1.
2.
3. STUDIO
4.

EXTERIOR TERRACE

EAST WALL

Es|

L S e A A S e To maintain a transparent envelope without

I i I [ compromising the building’s high level of energy
performance, a curtain wall made with transparent and
3 ! translucent panels was combined with exterior sunshades
] to reduce solar heat gain. The windows are triple-glazed
low-E glass, while the translucent spandrel panels, filled
J | I with the nanomaterial aerogel, are set within a glass

frame. Two sets of spandrel panels on the south and east
ul facades were monitored to determine the effect that
venting the panels would have on cavity temperatures.
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The exterior sunshades on the south elevation that wrap around the
southeast corner of the building, and the three-bay organisation of
the plan, are apparent in the composition of the east elevation. O

Text © 2009 John Wiley & Sons Images: pp 58, 59(1), 60(t), 62-63,
64(t) © Peter Aaron/ESTO; pp 59(b), 60(b), 61, 64(b), 65 ©
KieranTimberlake
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Building for fhe Third Century (B3C)
Massachuselts General Hospifal

Boston, Massachusetts, 2008-

NBBJ

By Craig Brimley and Jorge Gomez

A redundant loop ventilation system was developed to
allow complete interoperability of all the patient floors. The
system enables the redistribution of air so that the various
zones can be isolated to be adapted to future needs.
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Due for completion in 2011 to mark the hospital’s 200th
anniversary, the Building for the Third Century (B3C) is situated in
the midst of a dense urban medical campus in Boston’s Beacon
Hill district. Massachusetts General Hospital is one of the US’s
leading medical facilities, and the name of the new building
reflects the continuation of its tradition of medical advancement

into its next century.

As the cornerstone of the overall campus, the B3C building will
be connected to five existing buildings from different eras. The
design also needed to address future uses of the building. The
design team thus employed building information modelling (BIM)
technologies to deliver a project that provides the flexibility to
incorporate new developments in medical equipment and that can
adapt to the changing face of medicine.

The use of such a collaborative modelling process for the
project was met with some reservations about the learning curve
and the departure from traditional delivery methods. However,
the promise of a quicker construction review, integrated delivery
of design and a fully virtual understanding of the construction
means and sequence of the building soon abated these concerns.
The resultant information model included a multitude of
documents such as 3-D diagrams, extractions and rendered
perspectives, and was able to simulate performance with specific
construction types, acoustic values and fire ratings. It also
encouraged an ongoing discourse between the architects,
consultants, client and the municipal review boards. As the model
evolved, the design team was able to refine complex issues prior
to construction. For example, collision detection algorithms
helped mitigate major design changes on site as problems were
identified and remedied early in the design process.

With systems designed to sustain the lifespan
of the building, the coordination of the
mechanical transition floor (centred between
the patient and procedure floors) required
special attention. Models of various building
systems, such as structural and mechanical
ducting, were imported into collision
detection software where they were reviewed
and major conflicts identified. An automated
report was issued and reviewed in an on site
interactive media room where the various
subcontractors and fabricators involved in the
project could walk through the model with
the contractor and suggest immediate
solutions to the conflicts identified.



With drawings tied to the model, a weekly
workflow of design review, revision and model
updates are immediately visible in the drawing
set through an extraction process automated to
run at the end of each work week. The following
week restarts the process with updated 2-D
documents ready to be reviewed and once again
altered in 3-D model space.

New developments in the practice of medicine
have brought about the opportunity to rethink the
architectural organisation of hospitals, and their
connection to the community. The B3C creates new
links to five existing buildings, providing access to
shared facilities, and extends its reach to the city
with a link to the local metro station.
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The use of 3-D modelling was extended beyond the delivery of documents
as a means to convey the design intent. The sketches, diagrams and
visualisations produced illustrated the thought process of the designers and
involved the client and municipal review board, which resulted in
unanimous approval during the final project review, and allowed for the
progression of unique ideas in medical architecture.

==

Through the coordination and revision of structural
elements, sectional models were extracted from
the overall model to visualise the impact of
seemingly minor structural adjustments.

Relationships with adjacent buildings were studied in
the development of the facade. As systems were
designed, thermal dynamic models were tested to
ensure the proper performance of exterior systems. /O

Text © 2009 John Wiley & Sons Ltd. Images © NBBJ




Collaborative Intelligence =

KBAS, Pentagon Memorial, Arlington, Virginia, 2008
above: For several hours on sunny days, and from different angles, the
custom non-directional satin finish of the stainless-steel Memorial Units
catches dynamic reflections that move with the flowing water within
the basins. As the units are oriented one way or another on the Age
Lines, a pair of stainless-steel strips that run across the site parallel with
the trajectory of American Airlines Flight 77 upon its impact with the
Pentagon, so too does the directional flow of the water and reflections.

Shortly after 11 September 2001, a core group of family
members related to the 184 individuals whose lives were
lost at the Pentagon conceived of, and embarked upon, a
mission to realise a memorial that would honour their
loved ones. Eight months later, during the summer of
2002, an international design competition for the
Pentagon Memorial was announced. Led by a team from
the Army Corps of Engineers, the competition gathered
together an esteemed group of jury members charged
with judging the entries. Upon evaluating more than
1,100 entries, the jury awarded six finalists with a
stipend to further refine their proposals. In March 2003,
Kaseman Beckman Advanced Strategies (KBAS) was
announced as the winner.

Adjacent to the point of impact of American Airlines
Flight 77, the Pentagon Memorial is a place like no other.

-]
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Inviting personal interpretation on the part of the visitor, it provokes
thought yet does not prescribe what to think or how to feel. Both
individual and collective in nature, it intends to record the sheer
magnitude of that tragic day by embedding layers of specificity that
begin to tell the story of those whose lives were taken.

One hundred and eighty-four identical Memorial Units are organised
by a timeline based on the ages of those lost at the Pentagon. They are
uniquely placed along Age Lines that cross the entirety of the park —
parallel to the trajectory of Flight 77 — with each line marking a birth
year, ranging from 1930 to 1998. At the heart of the project, each
Memorial Unit, highly articulate in its form and placement, is several
things at once: it is a place to sit, a place for mementos, for
contemplation, and the permanent epigraph of the victim. Inherent to
the cantilevered form of the Memorial Unit, the orientation specifies
whether an individual was aboard Flight 77 or in the Pentagon at the
time of impact. Each name is engraved at the end of the cantilever,



Cultural projects today are often unprecedented in their complexity, scale and
collaborative effort. Keith Kaseman, partner of Kaseman Beckman Advanced
Strategies (KBAS), describes how building information modelling (BIM)
enabled the realisation of the Pentagon Memorial in Arlington, Virginia.

e S e Ct Twenty-eight contractors and consultants were brought on board in the design
and delivery of the monument’s 184 ‘memorial units’, which collectively
commemorate the individual lives lost at the Pentagon on 11 September 2001.

opposite top: The construction near to completion, as
demonstrated by the landscaping and paving features
installed in the Memorial Gateway, a 0.4-hectare (1-acre)
zone that leads to the memorial proper. The cast-in-place
concrete Age Wall is in the foreground, rising in height by
2.5 centimetres (1 inch) per birth year, and thus giving to
drivers who pass by on the adjacent freeway the sense that
some directional logic is in play. The view here is from the
adjacent bicycle path, part of an extensive system across
the whole of northern Virginia.

left: With plenty of time to spare before the official
unveiling of the memorial, the Memorial Units were
illuminated for the first time during a 4 am test. Using an
electromagnetic induction lamp, the lights can operate for
up to 75,000 hours before replacement bulbs are required.
The custom light fixture is placed in a watertight dry box,
the top of which is the weir over which the water flows,
bringing leaves and other floating debris into a concealed
filter basket. As it travels through the filter basket, the
water is directed to hit the back of the light fixture box,
removing the heat that has built up inside.

opposite right: Construction progress showing the Memorial Units distributed in
the field. At this point, only the remaining 6.3-millimetre (Y inch) thick
finished gravel layer was yet to be installed on top of the multilayered 2.4-
metre (8-foot) deep engineered fill. With the field of units established on a
porous and true plane, all individual fountains needed to be balanced to
ensure consistent water flow throughout the site. This not only ensures that
the environmentally friendly water filtration and cleaning system works
efficiently, but also serves to extract heat from the concealed heat sink of the
light fixture at each individual unit.

hovering above a flowing pool of water that glows at night.  nuanced branch of the collaborative network. Precision formed the

Intensively custom-made, the Memorial Units were core of this collaborative engine, in terms of geometric controls,
produced through complex procedures that interwove tolerance envelopes and the communication of design goals. As such,
precision modelling, CNC production, analytical and massive efforts surrounding advanced modelling and fabrication
finishing techniques. procedures focused on information exchange, from digital to physical
On an operational level, KBAS has drawn many lessons  and back again, iteratively, through previously uncharted territory.
from the intensive processes employed in the design of While thousands of people have contributed to the project at large,
the Pentagon Memorial, particularly with respect to how up to 200 have been involved specifically with the development of the
digitally driven production facilitates fluid collaborative Memorial Units. Manifested through extensive research and
models throughout an expansive web of players and development, this element of the collaborative web consisted of 28
parameters. By cultivating and maintaining a critical companies, fabrication shops, testing/research labs, organisations and
rigour that permeated all substantive, non-standard consultants — all working to refine the interwoven techniques and
production operations, including detail development and processes necessary to produce the eight primary components that,
coordination of the logistics required to achieve the when assembled, form each Memorial Unit.
sublime intent of the memorial, numerous customised By the time it was announced that KBAS had designed the winning
digital and physical protocols developed along each scheme for the Pentagon Memorial, the PENtagon RENovation
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1. Twenty-eight companies, fabrication shops and organisations
throughout the US were intensively involved with the development and
production of the Memorial Units. Each component underwent dozens of
iterations over the course of several years. High levels of precision were
achieved through the use of CNC production techniques, and all physical
connections were tested and refined through prototypes and mock-ups.

2. Casting mould components, made by compacting epoxy-bound sand
into the production patterns at the Metaltek International foundry. A
proprietary epoxy mix held the sand in place with the final consistency
similar in hardness and texture to that of brick. The surfaces that were
to come into contact with molten stainless steel were then given a
smooth coating to lessen the number of surface impurities upon casting.
Approximately 2,495 kilograms (5,500 pounds) of sand was used per
cast, with each mould destroyed during extraction of the cast steel from
within. All of the sand was recycled in the foundry for future use.

3. Stainless steel 316LN was cast into the production mould at a
temperature of 1,607°C (2,925°F). The large vessels that carried the
molten metal across the foundry to the moulds within which the casting
took place were preheated to ensure that the proper temperature was
maintained prior to pouring. If the temperature of the molten steel had
dropped just a few degrees, it would have been necessary to begin the
whole refined melting process again from scratch, which could have set
operations back by up to 16 hours, as all casting took place on a
particular work shift. The whole production sequence was refined through
a prototype development process over the course of several years.

4. Heat treatment was required to realign the stainless-steel molecules
to maximise corrosion resistance. During this process, the top half of the
cast Memorial Unit was cleaned up (all gates, risers and any other
remnants inherent to the casting process were cut or ground off) and
then placed upside down in a large fixture made from a super-alloy. As
the whole set-up was heated to more than 1,204°C (2,200°F), the
stainless steel became pliable while the super-alloy, which remained
hard as it requires much higher temperatures to reach a state of
pliability, pushed the key features of the Memorial Unit into alignment
slots and forms built into the fixture. Upon removal from the large
furnace, precision cooling of the assembly was aided by cool mist blown
by fans. Numerous alloys were considered for the Memorial Unit,
however stainless steel 316LN was selected for its corrosion resistance
properties and ability to refine the heat treatment process to a point
where incredibly tight geometric tolerances could be achieved.

-
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Program (PENREN), the public—private joint venture responsible for
managing all construction projects on the Pentagon site, had
already short-listed three design-build teams to compete for the
contract to construct the memorial. KBAS worked closely with
PENREN in developing the original Request for Proposal (RFP) from
which the competing teams were to generate their bids and submit
their proposals for developing the memorial. Given the magnitude
and intensity of the endeavour, KBAS' input here centred on a call
for extensive research and development, to be performed by a
robust collaborative team of high-level experts across a broad design
and fabrication spectrum. The contract was therefore awarded to
Balfour Beatty/Lee Papa, a design-build joint venture between
Balfour Beatty Construction (Fairfax, Virginia) and Lee + Papa and
Associates (Washington DC), the landscape architecture/urban
design firm and the executive architect for the memorial. From this
point on, KBAS, Balfour Beatty and Lee + Papa were collectively
positioned at the helm of what evolved into an incredibly diverse
and extensive collaborative network through which the information
models served as the primary conduit for developing all of the
custom aspects of the memorial.

The R&D efforts began with the search for a foundry with the
capacity to produce such a large cast with incredibly tight tolerance
envelopes. Academic and industrial advisers with metallurgical
expertise were appointed, and consulting engineers Buro Happold,
with whom KBAS collaborated for the practice’s original
submission, continued to provide analysis and input throughout the
development process.

Of only a handful of foundries in the US capable of producing
the Memorial Unit cast, each differed significantly in terms of the
alloys used, pattern types, casting techniques and tolerance
management. Needless to say, the amount and quality of the
knowledge mined through this phase was extraordinary, and all
insight gained was incrementally fed back into KBAS' original
information model of the Memorial Unit.



While the information model had to constantly be held
within the parameters set forth by the design intent,
KBAS was solely responsible for producing, refining,
adjusting and maintaining all the computer models of the
Memorial Unit. Wall thickness, draft angles, mass
distribution and tolerances, for example, were contingent
on the specific, intricate relationships at work throughout
the various casting processes. Interestingly, this revealed
certain technical principles regarding the behaviour of
steel in the casting process, and in many cases this
resulted in the production of an entirely new information
model, rather than minor changes to an existing model.

As the formal and structural intent of the Memorial
Units was already established in KBAS’ original design,
refinements through the R&D phase were an attempt to
gain as much material efficiency as possible. The consistent
influx of information and insight led to the systematic
slimming down of the Memorial Unit from an original
model that would have weighed 2,268 kilograms (5,000
pounds) to a refined version that weighed approximately
499 kilograms (1,100 pounds). Buro Happold performed
finite element analyses on the refined model against load
criteria developed by the KBAS team, which verified the
structural performance at this stage of refinement. The
final information model developed during this phase
became the bid document for the RFP that was released
to the foundries competing for the construction contract.

The Metaltek International foundry (Pevely, Missouri)
was selected and brought under contract in May 2004.
Immediately, the refined master model was transformed
into a parametrically controlled solid model for pattern
production, allowing Metaltek’s engineers and Advanced
Patternworks (Collinsville, Illinois) to modify the mould as
necessary to facilitate mould production and an initial

ol

casting of the first prototype. Logistically complex by nature, the
casting process was refined and adjusted through countless meetings
and conference calls, and the first prototype was successfully cast in
March 2005. However, upon testing out the procedures developed to
take the cast Memorial Unit through the heat treatment process (to
realign the molecular structure of the steel itself so that it has the
capacity to perform as a corrosion-resistant alloy), it became clear that
major procedural adjustments were required to prevent the unit from
twisting and bending out of tolerance during this stage.

After months of intense brainstorming with all involved in
developing the initial production strategies, and with new input from
additional consultants, an intricate fabrication strategy emerged.
Essentially, the top half of the units is cast stainless steel, while the
bottom half (the fountain basin) is precast, self-consolidating concrete.
This enabled incredibly tight tolerances to be achieved, even with the
complex formal geometries, and ensured a level of adjustability
through the installation process. Further, it launched the project into a
chapter marked by amplified collaborative development and
heightened coordination as the team expanded in both size and realms
of expertise. As the new path forward was clarified, a whole host of
additional digital file formats, material concerns and protocols, CNC
production tools and analytical techniques emerged as integral facets
of the complex, composite strategy that ultimately played itself out in
realising the 184 Memorial Units now fully installed on the site. In the
end, information from the final master model was translated from
Rhino into formats suitable for use in Pro-E, Unigraphics,
MicroStation, SolidWorks, AutoCAD, Adina, MasterCam and other
customised applications required for specialised production. In
numerous fabrication shops scattered across the country, the
impressive array of large, specialised CNC tools used for production
included five-axis mills, water jets, laser cutters, precision surface
grinders, laser scanners and automated metal brakes.

Communication within the extended, collaborative network was
primarily facilitated through the live navigation of the models, and within



opposite: The field of Memorial Units creates an atmosphere
fundamentally different at night than during the day. Multiple
scales of engagement work simultaneously, from that of the passer-
by on the freeway or cycle path to that of the pedestrian visitor. In
addition, as the Pentagon is adjacent to the flight path of Reagan
National Airport, air passengers can view the illuminated memorial
from above. The site is open to the public 24 hours a day, seven
days a week; however, the most sublime experience to be had is
perhaps in the middle of the night, when visitor traffic is minimal.

right: Refined, final production patterns awaiting mould
construction for the next pour. Diligently refined, each pattern holds
the geometry for two Memorial Units to be cast at the same time.
The huge pattern components were fabricated by Advanced
Patternworks, who used both incredibly large five-axis mills and
standard hand tools to create patterns with a level of precision and
durability sufficient for more than 92 casts. As the intricate casting
process is inextricably tied to the geometries built into these
original patterns, they will be stored in an undisclosed air-
conditioned facility owned by the Department of Defense in case a
Memorial Unit needs to be replaced in the distant future.

+.

The geometric parameters of the final master model required dozens of

iterations over the course of several years to fully refine. While the
master information model was maintained through Rhino, digital
versions of all components were translated into fabricator-specific

software, including Pro-E, SolidWorks, Unigraphics and MasterCam, for
analysis, prototyping and production. All were refined and produced via

digital means, then fitted together with tight tolerances on site.
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Adjacent to the point of impact of American Airlines Flight 77 on 11
September 2001, the Pentagon Memorial is an approximately 1.2-hectare
(3-acre) park that invites personal interpretation from visitors. The
individual Memorial Units are distributed across the site based on the
ages of those who lost their lives that fateful day, creating a collective
field that prompts contemplative thought.



this arena the expanded team of consultants were able to
provide rapid input for further, specialised refinement.
Through a prolonged flurry of information exchange and
coordination, the insight gained was constantly translated
into iterations of the model from which critical data was
then extracted and sent back to the team for further
scrutiny and feedback. The back-and-forth process of
consultation and iterative refinement continued for almost
three years, to the point where the mass collaboration
reached a fluidly dynamic pace and anisotropy.

While the memorial contains a small collection of
highly specialised fabricated components and details that
are distributed across the larger field along the
organisational Age Lines, all aspects of the Memorial
Units and Age Lines were modelled at a high level of
resolution. Throughout this whole development process,
KBAS remained solely responsible for maintaining the
master model of all components and orchestrating the
information flows required for CNC fabrication. Numerous
constituent components were translated from the master
model into file formats applicable to the associated
engineers’ analysis and the fabricators’ production
means, often with the exertion of much more effort and
manpower than anticipated. Upon successful translation,
verified against the master model, each fabricator held

responsibility for, and ownership of, their own model, communicating
refinements or suggested changes to the larger team via screenshots,
drawings or interactive models. Once a refinement was collectively
approved, pertinent data was fed back into the master model, extracted
as required and distributed again throughout the collaborative network.

A key observation from this is that the more advanced the goal, the
easier it is to close the gap between the productive promise of
composite collaboration and deeply set construction norms. Given the
magnitude of the challenge presented by the Pentagon project, and
driven by a collective sense of urgency, information models facilitated
the accumulation of precise knowledge across the collaborative
network, surpassing the protocols inherent to contractual structures
that typically bind a project team together. In this light, the Pentagon
Memorial could serve as a model through which high-level
collaboration, facilitated by nuanced information exchange and
production protocols, is successfully demonstrated as uniquely
productive. However, in the end such intensive activity was required
simply to build a contemplative place where personal interpretation
and reflection will persist through time. Officially opened on 11
September 2008, the Pentagon Memorial is open to visitors 24 hours
every day, and the tracings of the collaborative flurry are quietly
palpable in its capacity to elegantly radiate respect. o

Text © 2009 John Wiley & Sons Ltd. Images: pp 70 © Eddie Hidalgo; pp 71-4 © Keith
Kaseman; p 75 © Melissa Kaseman
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Phoenix, Arizona (2009) and Praca Cidade Salvador, Porto, Portugal (2005)
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3 SCULPTURAL NET 1 FABRICATION LAYOUT

The intention has been to create sculptures in cities
that interact with people in the course of their daily
lives. Monumental, netted sculptural environments are

animated by an ever-changing ‘wind choreography’,

making the intricate patterns formed by this natural flow
of air suddenly visible to the human eye as they are
projected as shadow drawings on the ground below. The
last decade has been spent developing a method for
creating public sculptures that uses a rigid steel-armature
system combined with flexible volumetric forms made of
knotted high-tech fibre. The inspiration for these flexible
membrane sculptures came from the design of life forms, in
which a skeleton is draped with a skin to create a three-
dimensional form. This was influenced by the study of evolutionary
biology at Harvard University, and research into the ways surface
area was maximised in a group of one-cell-thick life forms from the
Precambrian era. For each project, the site, its geography, its physical,
cultural and political history are researched, paying close attention to
local materials, and how people have developed ways of working with
such materials over the centuries.

A collaboration with Buro Happold Consulting Engineers, Her secret
is patience for the Phoenix Civic Space, due for completion this year,
transforms two city blocks in the centre of downtown Phoenix into a
new civic icon in the sky. During the day, the sculpture uses sunlight to
project the patterns of the Arizona Desert wind on to the paths of
pedestrians. At night it is illuminated, and gradually changes colour
throughout the seasons.

2005 saw the completion (with Eduardo Souto de Moura and
Speranza Architects) of a voluminous net sculpture on the coast of
Portugal. She Changes is a hollow form, 100 metres (328 feet) in
diameter, that is suspended above a three-lane highway roundabout
and moves in the wind. The sculpture has become the official symbol of
the city. When interviewed, local people give different interpretations
of the work: from the fishing nets, ships and masts of the country’s
maritime history and the red-and-white striped smokestacks of the area’s
industrial past, to Portuguese lace, sea creatures and ripples in water.
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Her secret is patience

above: Knotting details from traditional lace-
making were employed to achieve scalar jumps
from nets of one cell size to those with a smaller
cell size. The baiting twine, shown in detail
drawings 1, 2 and 4 overleaf is knotted by hand
after machine fabrication of the adjacent net
sections. The variation in net sizes along the
vertical axis of the net panel allowed the artist to
vary the opacity of the finished sculpture.

opposite: The overall form of the sculpture
comprises seven sculptural net sections and an
internal structural net. Gravity and wind loads are
transferred through the net sections to the internal
structure and then to a supporting steel armature.
Virtual form-finding was performed on reduced-
resolution models to verify the hanging shapes
under dead load and to calculate reactions at the
supporting structure. This ‘dynamic relaxation’
locates the minimal-stress shape for a given
configuration of net, bar and node elements.



Her secret is patience

above: The Phoenix Civic Space sculpture
makes visible to the human eye the patterns
of the Arizona Desert winds. During the day,
sunlight projects patterned shadow drawings
on to the paths of pedestrians. The large,
three-dimensional, multilayered form was
created by combining hand and machine
knotting. At night, the sculpture is illuminated,
and the colour of the light changes
throughout the seasons with an inverse
relationship to temperature. In winter, the
colours become hot reds and fuchsia, and in
summer cool greens and blues.

right: Custom knot types were developed to
avoid the problems of fatigue experienced in
previous tests. A series of edge connection
details were designed to ensure structural
redundancy in the event of local failure of a
net panel. The knotting techniques were also
designed to facilitate ease of installation of
the net panels. The knots were virtually
tested with modelling software to
understand how they would behave under
stress. Edge ropes were digitally designed
with UV-resistant jackets that prevented
breakdown of the material due to the intense
desert sun in Arizona.
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The net is made up of 36 individual mesh sections in different densities, hand-joined along all
sides to create the sculpture’s multilayered form. The material used is GORE Tenara® architectural
fibre, a 100 per cent UV-resistant, colourfast fabric made of PTFE (polytetrafluoroethylene), which
is more commonly known as the non-stick cooking surface Teflon®. /O

Text © 2009 John Wiley & Sons Ltd. Images: pp 76-77, 79(b) © Buro Happold; collaboration with
Janet Echelman; p 78(t) © Janet Echelman Inc, image courtesy Fernando Da Col; p 79 © Janet
Echelman Inc, courtesy Florence Lynch Gallery, in collaboration with architect Eduardo Souta de
Moura, Speranza Architecture and engineers AFA Associados and Peter Heppel Associates
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She Changes

Using colour and material methods to
invoke memories of the site’s historic past
as a fishing and industrial centre, She
Changes is a three-dimensional,
multilayered net that floats over the area’s
waterfront plaza. This $1.6 million work, a
collaboration with Eduardo Souto de
Moura and Speranza Architects, and
consulting engineers AFA Associates and
Peter Heppel Associates, is credited as the
first permanent, monumental public
sculpture to use an entirely soft and
flexible set of membranes that move
fluidly in the wind. This casts cinematic
shadows over the ground below. At night
the sculpture is illuminated, becoming a
beacon along the Portuguese coast.



Information Modelling
as a Paradigm Shift

Building information modelling (BIM) is not just a change in
software or skills sets, it requires a paradigm shift. Dennis Shelden,
Chief Technology Officer of Gehry Technologies, outlines the more
‘fundamental, subtle and profound decisions’ on the road to BIM. It
. is necessary to fully consider not only the impacts both ‘upstream’
”‘l'“ il and ‘downstream’ from the conventional design phase, but also the
. “iih || e 1 o | possible creative restrictions as there is a potential trade-off that
il i l[,i,;lg; i comes with the emphasis on collaborative processes.
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Wong & Ouyang with Gehry Technologies,
One Island East, Hong Kong, 2008

BIM was used extensively for the construction
planning and project controls for the One
Island East project. These applications included
detailed simulation of on-site construction
activities. Particular focus was placed on
simulating the operations of formwork lift
sequencing, as table formwork for pouring cast
in place slab and core elements were planned
before construction took place.



Wong & Ouyang with Gehry Technologies,
One Island East, Hong Kong, 2008

Swire Properties commissioned the
development of a comprehensive BIM
model for its 70-storey One Island East
commercial office tower. The model was
used to coordinate building systems

design and develop detailed construction
strategies through event simulation.
Continual project quantity and cost auditing
were conducted using the model throughout
the project construction.

Building information modelling (BIM) can be thought of
as a paradigm shift from the traditional
architect—contractor delivery process that is much more
broad than simply selecting alternative software
packages, or even ‘doing the same thing but in 3-D’. As
an evolution of building, information modelling has a wide
impact on all practices, affecting what each party does,
the authority and responsibility they take, and how they
are compensated. Though the impacts of this paradigm
shift are substantial, the evolution can be incremental as
firms can choose how far they take this migration and at
which points in time.

Design consultants are rightfully concerned with the
cost/benefit and risk impacts of BIM. These concerns are
partly the simple questions of what software products to
invest in and what effect this decision will have on their
practices. However, they are aware that there are more
fundamental, subtle and profound decisions on the road
to BIM, including:

e Which staff will be affected by a shift to information
modelling and will existing staff be able to make the
transition? This issue is perhaps far more critical as it
has an impact on senior staff who will not necessarily
be performing production work but will need to lead
teams in the use of these new systems.

e Will the practice be taking on additional work or
liability without additional compensation, and does its
existing setup, including standard contracts and
insurance policies, support the use of information
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modelling packages? Are there risks in the adoption process of
‘getting BIM wrong’ on projects where it is applied?

e And, ultimately, how does BIM affect the ethos of the firm? Will
there be quality or stylistic impacts, either positive or negative, and
can design leadership drive the products of BIM to the outcomes
that reflect the values of the firm? The concern may be that BIM
will require (as opposed to enable) firms to take on additional
aspects of professional project delivery beyond their core
ambitions, or that the ‘invisible hand’ of a tool’s particular
capabilities will direct the qualities of their work towards particular
formal decisions.

One of the potent areas for innovation is the implications of BIM both
around and between traditional domains of practice, and towards
issues both upstream and downstream from conventional design
considerations. Upstream activities are those that would traditionally
take place on projects prior to conventional architectural design
activities. These activities include pro forma and building programme
modelling, even the potential for optimisation cycles to be run between
building financial modelling, programme development and conceptual
design. Similarly, there are really interesting potential applications of
parametric modelling for urban and master-planning.

Downstream capabilities include those for consultants’ models to
be applied to fabrication and construction processes, from detailed
component engineering and site component placement to project
control procedures. There are also ambitions — largely unexplored — for
information models to have a role in facilities management and
operations. Embedded systems do not have a real role in architectural
thought, even though digital systems are already embedded all around
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Diller, Scofidio + Renfro with Gehry Technologies, Lincoln Center — Alice Tully Hall, New York, 2009

For this concert hall renovation project, the fabrication constraints of a wood veneer panelling system were brought
forward into the project’s design development. Maximum surface curvature metrics were established, and surfaces
redeveloped to adhere to these geometric constraints in order to rationalise the project geometry.

us in the spaces that we inhabit, as consumer products.
A mobile phone with GPS is now a spatial technology,
embedded in space and increasingly aware and
responsive to spatial context. Mobile phones are also now
integrated with environmental systems, allowing
occupants to control room conditions. Architecture really
does not yet have a clear response to these technologies.
But this is likely to change, and in the same way that
BIM has been a catalyst for rethinking boundaries
between building professions it is likely to become a
means for rethinking the borders between built spaces
and occupying products.

In thinking about upstream and downstream changes,
it should be kept in mind that BIM affects the
conventional sequencing of project development, often
moving downstream considerations forward and
streamlining the revisiting of early phase decisions later in
the project. It offers, for example, the opportunity to
incorporate detailed fabrication logics and associated

o
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pricing strategies early in the design development. Similarly,
programmatic changes can be affected later on while reducing the cost
of modifying documents that have already been developed.

Gehry Technologies has been involved with what might be called
the collaborative aspects of BIM. These include the potential for
tighter iteration between design and engineering, for bringing
fabrication logic and construction planning into design, and giving
clients greater visibility and control. BIM offers the capacity to
support reprocessing, repurposing and reinterpreting of design
information outside of the narrow project contexts of the tasks for
which information was originally developed.

Parametric and Generative Capacities of Information Modelling
Parametric technologies allow detailed logic of system component
organisations to be encoded into generative approaches, so that this
level of project understanding can be applied as a part of formal
generative techniques. Additionally, metrics including simple
engineering analytics such as solar gain or tributary area can be
incorporated into parametric objects, allowing objects to self-analyse
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and self-solve. Despite the sophistication of these
approaches, generative BIM can be tackled in a
surprisingly incremental manner. The same algorithms
that are used to instantiate general, formal shapes are
used to generate systems with material or fabrication
conformance. Some of the more trivial fabrication
solutions, like triangulation, are no different than those
generally used in computer graphics.

Authorial Creativity and Information Modelling
In a phenomenological sense, all design occurs as a
feedback loop between what is existent and the act of
forward projection. Design involving computational media
should not be fundamentally different. Designers who take
their inspiration ‘from the screen’ are adept at using these
media as a context for exploration in a manner similar to —
and often in conjunction with — traditional media.
However, all media carry certain unique affordances,
and computation has of course unique characteristics that
are different from traditional physical or worldly media.
The most apparent such quality is that in order to be
computationally operative, digital models must be built
on constructs that are explicit, specific and consistent.
This is not required of physical design media or
operations on them — think of collage. There is something

o
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Gehry Partners, Gehry Building, NOVARTIS Campus, Basel, Switzerland, 2009

The Novartis Gehry Building is a part of a new campus master plan by the Italian
architect Vittorio Lampugnani for the pharmaceutical company Novartis. Gehry Partners
here used building modelling automation to develop rationalised enclosure panels. The
algorithm drove the layout of panels on the surface, from which the strips of panels
peeled away in order to satisfy the construction requirements of an assembly of flat
quadrilateral panels. The algorithm fitted the panels to the surface and identified those
that fell outside the construction requirements.

Gehry Technologies, BIM and Financial Optimisation, 2008

Building models can be integrated with project financial models and other
planning-phase considerations. Here, a parametric building information
model is derived from a spreadsheet-based financial pro forma. Quantity and
occupancy metrics are sent back from the model to the pro forma. The
integrated building information and finance model is iteratively modified to
optimise the project’s financial performance.

of an inverse relationship between the efficacy or power of a
computational approach and its flexibility. As a simple example, digital
images are very flexible in capturing all sorts of design intentions, but
the ability to computationally operate on this is very limited. Geometry
and information model representations have higher-order operability,
but are commensurably less flexible in what can be captured. The
interesting questions this raises for design are: How much of the
spectrum of potential design intentions can a given representation
capture? Of this, how much is described in a manner that computers
can ‘understand’, that is, be able to assist the designer in automating
aspects of production while respecting intent? And finally, given the
computational approach, what is required for a computer or human to
translate the model to other sets of intentions?

BIM is broadly faced with this issue in that information models are
expected to be operative across software and across disciplines. But in
some ways this aspiration inherently requires us to restrict the set of
potential intentions to the greatest common denominator of shared
intentions, and there is an implicit trade-off between the support of the
general and the unique. These are just some of the fundamental questions
the BIM community is currently grappling with, although, of course, as
technology development continues things can always get better. O

Text © 2009 John Wiley & Sons Ltd. Images: p 80 © Martin Riese, Gehry Technologies;
p 81 © Gehry Technologies; p 82 © Susan Constantine, Gehry Technologies; p 83(t) ©
Andrew Witt, Gehry Technologies; p 83(b) © Roy Griffith, Gehry Technologies




Sirafe Tower

Al Raha Beach, Abu Dhabi, United Arab Emirates, 2006-

Asymptote

i3shid and Lise Anne Couture

The tower resists being an overt, singular
gesture reliant on a set meaning or
association. Rather, its mathematical
properties, not unlike those in the
manifestation of the arabesque or abstract
calligraphy, give the building its supreme
elegance, prominence and significance.
The twisting exoskeleton culminates with
a roof canopy and helipad.




Currently under construction, and due for completion in 2011, at a height of 160
metres (525 feet) the Strata Tower, a 40-storey luxury residential building on Al
Raha Beach, will be the tallest building in this exclusive waterfront development’s
Al Dana business precinct. Though the construction industry has traditionally
resisted the use of building information modelling (BIM) technology, architects
Hani Rashid and Lise Anne Couture of Asymptote here managed to convince the
client to adopt these new tools in the development of the tower, which has
resulted in better integration of the design and construction.

Parametric constraints were applied early in the project design so that
different formal situations and possibilities could be developed, and internal
volumes, floor areas and percentage of glazing to volume relationships
maintained. The ultimate form of the building emerged from parametrically
constraining the surfaces and volumes to respond to programmatic and
environmental criteria. The design team is split into two groups: a ‘front end” and
an implementation group. The first was concerned with the geometric possibilities
of the project and with what the BIM system allowed for in terms of creating new
forms preloaded with intelligence and information. The latter group then
embraced these as a virtual building en route to construction. This second group
is also responsible for overseeing the client’s needs as well as the construction
process: streamlining, efficiencies, costs and so on.

The role of the architect has always been to innovate, experiment and produce
polemical and pertinent solutions. BIM technologies are not intended to stifle
such innovation or research into the sociocultural aspects of urban and
architectural design. Instead, as in the case of the Strata Tower project, the aim is

to enhance this through an integrated design solution that explores both new
formal configurations and performance aspects of building in the Middle East.

Glazing types were optimised and component schedules generated
through the information model. The tower glazing was parametrically
modelled so that the surfaces could be rationalised into the maximum
number of similar panels. These operations ensured the formal
organisation of the building could be achieved while still adopting the
efficiency of standardised parts. Schedules of dimensions from all of
the glass and framing components could then be generated from the
model. The diagram shows seven panel types, which vary in height
and width. The model was also used to simulate fastening of the
glazing panels to a metal frame on the building’s exterior.

Interior view of the West Lounge. The Strata Tower’s lobby
features three floor-to-ceiling, highly reflective sculptural
centrepieces that mirror the activity in the lobby as well
as the movement of the surrounding seascape.
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The roof canopy was parametrically modelled
to allow iterative adjustments to the perimeter
and multiple skylight oculi. Constraining the
radial relationships between openings allowed
design flexibility, but also fixed specific
geometric relationships on the surface.
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The concrete structure and floor perimeter shapes of the tower
were modelled with adjustable parameters for the height, taper
and twist of the building envelope as well as variable floor-to-floor
heights. The radial grid of sloping columns could be automatically
updated following modifications to these parameters, updated
manually in the virtual model, or numerically in a series of
schedules (shown to the right of the diagram) that contained
geometric information about each floor and column component.
This allowed the tower form to evolve fluidly, as more information
about specific programmes and building systems was attained.

Information modelling analysis and simulation was used to create
the building’s intelligent, environmentally responsive louvre
system that is housed in a unique, cantilevered exoskeleton
structure. An operation to unfold facade levels over floors 4 to 38
rationalised the size and distribution of the sun-shading louvres
and integrated them within the building facade. The louvres were
modelled with variable depth and distribution across the facade’s
curvilinear form according to environmental performance studies
that focused mainly on Abu Dhabi’s intense solar gain.

Text © 2009 John Wiley & Sons Ltd. Images © Asymptote
Architecture
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Could the advent of building information modelling
(BIM) see the architect’s status return to that of
his medieval counterpart, the master builder?
Guest-editor Richard Garber examines the work of
Filippo Brunelleschi, who did the seemingly
impossible in early 15th-century Florence by
spanning the massive opening of the dome of
Santa Mariadel Fiore, the city’s cathedral, through
an adeptuse of physical models.

i}
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Filippo Brunelleschi, Vaulting of the Dome of Santa
Maria del Fiore, Florence, Italy, ¢ 1420-36

The completed dome soars over the Florentine skyline and
can be seen for miles. A series of external apertures in the
exterior cavity bring light and air into the central cavity,
which it is possible to.walk through, while others were
used to accept the armature of exterior scaffolding used by
masons and bricklayers during construction. The total
height of the dome and lantern is approximately 114
metres (375 feet). The dome’s diameter is about 42 metres
(138 feet). It is estimated that it weighs 37,000 metric tons
(81,571,037 pounds), and the number of bricks used in its
construction was more than four million.



As design processes more fully make the transition to the
digital, there has been an increased interest in drawing
parallels with the analogue counterparts to such
processes, in some instances stretching back as far as
600 years. One of the comparisons many have made in
the advent of building information modelling (BIM) is that
these new technologies will somehow return architects to
the status of the master builder of the pre-Renaissance —
that the strict division, or gap, between architects who
design buildings and the builders who construct them is
being closed. It was the capomaestro, or master builder,
who facilitated the smooth flow between design and
construction in many of the notable projects of the late
Middle Ages. Unlike today’s practitioners who graduate
from the many dedicated architectural schools, the
master builders of this period were most likely
exceptionally talented craftsmen or artisans, still trained
in guilds, who crossed over into architecture from an
allied art. Their knowledge of making not only allowed
them to conceive the design of buildings, but also gave
them the opportunity to specifically formulate the
construction sequence and engineer building practices.

Among the several notable projects of the 15th century
was the vaulting of the massive dome of Santa Maria del
Fiore (¢ 1420-36) in Florence by Filippo Brunelleschi.
Brunelleschi was a trained goldsmith1 who won
prominence and acclaim for his daring and untested plan
to construct the dome without the wood scaffolding
traditionally used for centring. According to most
interpretations, as the project’s capomaestro he designed
and engineered many innovative tools and techniques in
the process that would form the basis for many of the
built successes of the Renaissance.

Brunelleschi and Early Information Models

The most significant way new ideas about building and
construction technologies could be examined during this
period was through the making of large physical modelli
crafted by designers to convey their intentions. These were
in many ways similar to today’s information models. They
were usually large enough to be entered and inspected by
clients, and they conveyed spatial organisation as well as
information about materials and construction techniques.
In the largest of these, craftsmen from the various guilds
who would oversee the actual building were employed to
construct the portions of the scaled model they would
ultimately be responsible for in the field.

Brunelleschi’s model for the dome of the Santa Maria
del Fiore was some 18 metres (60 feet) in length and was
constructed by four bricklayers lent to the architect by the
Florentine Building Commission.? A series of wooden (and
possibly stone) tension chains were set at equal distances
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DING FOR CENTERING

The timber formwork required in vault
or dome centring was typically
stressed into place by the weight and
fit of masonry units. Masonry units
were applied from each side and
culminated in a centre course that
locked the units into their final
location. As the units were installed,
stresses on the temporary timber
frame caused it to deform, thus it was
critical to make the timber frame as
rigid as possible to minimise such
damage. Drawing based on
illustrations by John Fitchen in
Building Construction Before
Mechanization, MIT Press (Cambridge,
MA), 1989, pp 100-05.

Traditional Vaulting Drawings, 2008
The conventional method of vaulting
an arch or dome prior to Brunelleschi’s
plan to vault the dome of the Florence
cathedral was by first constructing and
erecting a temporary support structure,
usually of timber frame members, that
was hoisted into place (1). Not only
was the erecting and decentring, or
removing, of these heavy members
dangerous work, but deformation due
to the settling of either the timber
frame or masonry members also
needed to be considered. Masonry was
installed on top of a series of wooden
slats that formed sheathing on top of
the timber frames (2). Once the final
centre course of masonry was
installed, the centring could be
removed (3). In many cases, the size of

2 the dome or arch meant that the only

practical way to remove the timber
frame was to dismantle it piece by
piece, high in the air — a daunting
process in itself (4). Drawing based on
illustrations by John Fitchen in
Building Construction Before
Mechanization, MIT Press (Cambridge,
MA), 1989, pp 100-05.



within the interior cavity of the dome itself so as to invisibly
support the structure, using neither buttresses, as seen in
the Gothic cathedrals of the previous century, nor internal
armature or scaffolding. The model thereby fostered a
productive discussion and the opportunity for feedback from
the various trades before the vaulting of the dome itself, and
helped to ease the concerns of Brunelleschi's employers, the
wardens of the Opera del Duomo,3 as to whether such
construction techniques would actually work. There is a
clear correlation between the ability of such a working model
to systemically test construction techniques and sequencing
as opposed to simply representing a designer’s intentions.

In fact, some speculate that these models became more
sophisticated as a more three-dimensional awareness
emerged in the guilds. Similarly, virtual sequencing is
made possible by information models today.

Christoph Frommel has noted that ‘the architectural
model must have evolved because of the same need for
material and spatial quality and could have even been the
response of the master builders to the illusionism of the
painter—architects’.4 The model also ensured a sort of
architectural precision about the whole volume of the
proposed building, if not its construction details. As the
rise of the contemporary architect-designer separated the
architect from the building site, models would have
ensured a three-dimensional understanding of the scope
of the work at a time when drawings did not figure
prominently in the planning of buildings.

Trained in the guilds, Brunelleschi was a secretive and
competitive man, and his architectural models of
buildings and details were rarely finished so as to keep his
design intentions covert. They lacked ornament, and only
showed relationships between walls and other principal
elements.® As many of these models initially served as
competition entries for various parts of the dome, it is
apparent why Brunelleschi wished to keep information
from rivals such as Lorenzo Ghiberti who were also
working on the project. In addition, it seems in keeping
with his role as the master builder that Brunelleschi also
kept information from workers on the site as a way of
maintaining control of nearly every aspect of the
construction. It was common for competition presentation
models to eventually be used as guides for construction.
As such, these models were routinely updated and added
to as new technologies were developed and the
construction of specific projects progressed.

Brunelleschi’s use of such information models is
consistent with their further employment in the 16th
century, when a better understanding of construction
technologies and higher degrees of craftsmanship meant
that fewer changes to models were required once
construction had begun. In contrast to the 15th-century
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Filippo Brunelleschi, Vaulting of the Dome of Santa Maria del Fiore,
Florence, Italy, ¢ 1420-36

Model of the dome and apse of the Florence cathedral exhibited at the Palazzo
Grassi in Venice in 1994. The exhibition, organised by Henry Millon and
Vittorio Lampugnani and titled ‘The Renaissance from Brunelleschi to
Michelangelo: The Representation of Architecture’, called attention to the
importance of models in the design and construction of late-medieval and
Renaissance works. Models were typically large enough to be entered by
clients or tradesmen, and the master builder often employed the latter in their
construction to ensure coordination of design intent with construction methods.
Such models are generally thought to be more useful in the study and
understanding of early Renaissance construction projects than drawings.

INNER SHELL

CONSTRUCTION OF THE DOME AT SANTAMARIA DEL FICRE, FLORENCE

The vaulting without centring of the Santa Maria del Fiore was a complex
undertaking. Brunelleschi employed information models in order to better organise
and convey his intentions to the masons and bricklayers who carried out this work.
The numerous innovations in the construction of the dome included a two-shell
system between which a series of wooden chain (and possibly stone) tension rings
were installed within the cavity to resist the outward pressures of the form itself.
This allowed construction of the dome without external buttressing or internal
structural centring frames. In addition to the interior scaffolding, a series of exterior
platforms were designed to fit into the exterior masonry of the dome. Drawing based
on illustrations by Frank D Prager, in Brunelleschi: Studies of His Technology and
Inventions, Dover Publications (Mineola, New York), 2004, p 35.



modelli, modani, or full-scale copy models
(representations), of building profiles in wood were now
used as a basis for the fabrication of details such as
lintels or cornices.® These were like jigs, used for the
replication of architectural features. It is interesting to
note that modani began to emerge following the
establishment of Gutenberg’s printing press in Europe
(1465), which helped to further codify architectural
orders and disseminate knowledge about construction
techniques through published treatises. They also seem to
have been the precursors to ‘mock-ups’.

Among Brunelleschi’s most important inventions that
revolutionised the construction of the dome was his oxen-
driven hoisting device.” This machine was used to deliver
materials several hundred feet in the air to the masons
laying the dome’s complex brickwork, and was significant
because none of the previous pulley systems, driven by
men, had ever reached such heights. At its retirement, it
was estimated that the hoist had lifted 31.7 million
kilograms (70 million pounds) of building materials to
the masons and bricklayers.

Alberti and the Codification of Architecture

While Brunelleschi was working through the problem of
vaulting the dome in the field, using scaled models and
his advanced construction technologies, the theorising of
such a scientific concept of art and building for the time
was concurrently being undertaken by Leon Battista
Alberti. In his treatise ‘Della pittura’, he wrote of
Brunelleschi and his accomplishments: ‘Who is so dull or
jealous that he would not admire Filippo the architect, in
the face of this gigantic structure, rising above the vaults
of heaven, wide enough to receive in its shade all the
people of Tuscany; built without the aid of any truss work
or mass of timber — an achievement that certainly seemed
impossible?’® It was also in this text that he would define
modern principles of representation by geometrically
defining the instrument of perspective and its use in
architecture and design.

Alberti held various official posts with the papacy in
Rome during his lifetime, while practising architecture
and authoring his own Ten Books on Architecture (De re
Aedificatoria) among other texts. De re Aedificatoria
(1452) was a projective document in contrast to Vitruvius’
Ten Books (De architectura), and sought to refine and
develop the idea of architecture as a humanist art, the
architect as an intellectual, and the practice of
architecture as the loftiest of professions. The treatise is
based on Alberti’s survey of Classical orders and led to his
calling for a more theoretical understanding of the use of
these orders. Through his work with the papacy, Alberti
was well travelled and had the opportunity to survey
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The relationship of the oxen-driven hoisting device invented by
Brunelleschi and the scaffolding that was erected at the level of the
dome’s cupola was carefully coordinated. The scaffolding was not
required to centre the dome - this was achieved through a series of
chain rings and patterns of bricklaying, and as such was constructed of
much lighter elements than the more conventional scaffolding of the
period. At the top was a pulley that brought materials through the
scaffolding to a series of levels where the tradesmen were working. At
the base of the hoisting device were gears that allowed it to be moved
forward or in reverse without changing the direction of travel of the
oxen that were tied to it. Drawing based on illustrations by Frank D
Prager, in Brunelleschi: Studies of His Technology and Inventions, Dover
Publications (Mineola, New York), 2004, p 28.

HOSTING D

£ AND GEAR DETAIL

Powered by oxen, Brunelleschi’s hoisting device involved a set of gears
that moved differentially and in both forward or reverse by way of a
reversing clutch and screw-controlled load positioner. It has been
estimated that the hoist had lifted 31.7 million kilograms (70 million
pounds) of building materials to the masons and bricklayers by its
retirement. Frank D Prager suggests that the device was worked on by
Antonio Manetti Ciaccheri, who was to become capomaestro after
Brunelleschi. Drawing based on illustrations by Frank D Prager, in
Brunelleschi: Studies of His Technology and Inventions, Dover
Publications (Mineola, New York), 2004, p 71.



Classical works first-hand, which prior to the diffusion of
the woodcut or the arrival of Gutenberg’s printing press in
Italy, was the only way to see such buildings.
Interestingly, however, even contemporary translations
contain very few illustrations, and as such are in keeping
with the late-medieval practice of only verbally describing
a work of architecture or construction process. For Mario
Carpo: ‘Alberti ... tries in the De re Aedificatoria to
emulate through plain alphabetic writing the expressive
potential of the images whose use he rejected.'9

De re Aedificatoria is perhaps one of the first examples
of the early Renaissance desire to both establish
architecture as a profession and disseminate information
about its practice — a task made relatively easy by
Gutenberg’s press.1O This is in direct opposition to the
operations of the late Gothic guilds, from which
Brunelleschi was born, which sought to keep construction
practices as highly guarded secrets and translate them
mostly verbally.

In writing his treatise, Alberti became an advocate of
those architects engaged in design but not in
construction. This codified a split, or gap, between design
and making that still exists today, more than 600 years
later, and frequently puts architects at odds with those
who build their work. Alberti’s ‘disinterest in the actual
realization of his designs may have been a consequence
of the forma mentis (mindset) he acquired in the
cautious, reserved circles of the Curia. Or it may have
been the result of a natural preference for the purely
theoretical aspect of his art.”'* In fact, this tendency
towards broader intellectualism, as opposed to trade
specialisation, ‘comes to the fore again and leads to the
cult of a type of versatility which is more akin to the
dilettante than the craftsman’.'? This is not to suggest
that Alberti’s vast contributions, both theoretical and
pragmatic, are not significant to the contemporary
practice of architecture; rather, that the framework within
which he sought to position that practice of architecture
was rooted in the discourse of making, and not in making
itself. ‘It is evident from the disdain with which Alberti
refers to building masters that he imagined them capable
only of execution and not of conception in architecture.’*®

Interestingly, though Alberti most famously advocated
this separation of the design profession from the building
trade, documentation exists that suggests this division
already existed. By the early 15th century, late medieval
Gothic builders in Europe were, unbeknown to them,
already working according to what has come to be known
today as the Albertian Paradigm.'* As early as the mid-
14th century, construction officials were formally
adopting the title ‘architect’ or ‘archititector’, and working
remotely — and even internationally.15
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Alberti and the Advocation of Models

In the second book of De re Aedificatoria, subtitled Materials, Alberti
discusses the use of models in architectural design. Like Brunelleschi,
he also suggests that models should remain incomplete, proposing that
‘the presentation of models that have been colored and lewdly dressed
with the allurement of painting is the mark of no architect intent on
conveying the facts; rather it is that of a conceited one, striving to
attract and seduce the eye of the beholder, and to divert his attention
from a proper examination of the parts to be considered, toward the
admiration of himself’.'® What is remarkable about this section of the
work is how Alberti articulates the use of models, and how these uses
are similar to the purpose of BIM systems in contemporary practice.
This is an interesting contradiction: Alberti’s call for the separation of
design and making would seem consistent with architects making
representations of their designs with models (for example, renderings),
but instead he recommends more operative uses.

Alberti suggests that the use of models to examine, in an iterated
way, the relationship of a design proposal to its site and district, its
overall form as well as the internal relationships between its
components, is paramount to understanding how appropriate a
proposal is. Further, the adequate size and shape of such components
leads to a proper selection of materials and orders, and quantity of
columns: ‘their thickness ... extent, form, appearance, and quality,
according to their importance and the workmanship they require.”’
This suggests the model can be used to investigate construction
sequencing and techniques as well as costs of materials, and that the
number of elements can be counted so that a budget can be arrived at
in a similar way to how Brunelleschi studied the vaulting of the dome of
Santa Maria del Fiore through his models and inventions, including the
wood (and possibly stone) chains that lent tensile support. Likewise, the
digital information models of today simulate construction sequencing
over time to allow for a better coordination of trades, and are linked to
live databases to calculate real-time construction estimates.

Differences Between Alberti’s and Brunelleschi’s Uses of Models

While both Alberti and Brunelleschi employed models in their
advocation or execution of architectural design, there exist between
them telling differences that speak to their own understanding of
architectural practice and are of interest for discussions about BIM
today. For Alberti, an architectural idea, or disegno, is conceived in the
mind, but is only realised through a model.*® The model is a
mechanism through which an architectural idea unfolds. Alberti is less
concerned with the model’s ability to convince a client of the
appropriateness of the proposal; whether it is appropriate or not is
determined through the intellectual development of the proposal itself.
He makes the clear distinction that a model is used firstly to fulfil the
creative dimension of a design proposal, and secondly in the
pragmatics of construction.

Brunelleschi thought that a model was a representation of an idea
already formed in the mind, hence his secrecy about fully disclosing his
intentions to others, especially workmen on site. For him, the model
served as a virtual construction of an actual building. How specifically



Brunelleschi’s ideas were formed prior to the construction
of the models we will never know. However, it is clear that
the making of models for the various parts of the Santa
Maria del Fiore dome (for example, its lantern and
scaffolding) and some of his inventions were critical to
the successful completion of that project. In contrast to
Alberti, for Brunelleschi intellectual development and
construction process or method were comprehensively
integrated in the model.

Both of these positions seem to overlap and contrast
with contemporary discourse in the adoption of BIM as a
new paradigm for the design process. Through simulation
and the ability to form/fabricate materials directly from
digital models, writers such as Sanford Kwinter and
Manuel DelLanda have posited that information models
have allowed us to enter a new paradigm: ‘the virtual to
actual’. Here, a building is already fully real and simply
needs to be actualised via translation from virtual to
actual matter. This is contrasted with the ‘possible to
real’, a paradigm advocated by Alberti that has existed for
the last 600 years. In this approach, the possible (an
idea) has no measured relationship to the real because it
is necessarily interpreted by a third party — in the case of
construction, a builder who interprets a set of
architectural drawings (representations). DeLanda writes
more specifically that the former is a design philosophy
that takes into account materials (both virtual materials
simulated within the computer, and actual materials used
in building), while the latter is purely cerebral and as
such has no relationship to matter or materials.*®

Though there is no reference to either of these
paradigms in the work of Alberti or Brunelleschi, they are
helpful in tracing the impact of their ideas about the
practice of architecture. For both, there is an important
distinction in the utility of models as devices to work
through the problems of construction. In advocating the
separation of design from making, Alberti’s use of the
model in this capacity was to arrive at a subjective
appropriateness of a design proposal. Brunelleschi, his
secretiveness and desire to control the site
notwithstanding, used the model as a collaborative
apparatus to virtually work through the problems of
construction — ideally with those who would be responsible
for the actual construction. He was known to carve details
for his workmen in wood, clay and wax. This notion of
enhanced collaboration, as opposed to separation, forms
the essence of information modelling technologies.

Closing the Gap Due

It is in fact impractical to suggest that the architect’s
return to the role of master builder would discourage
those architects working remotely today. Although it is
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clear that the success of such a mode of practice was in part due
to the proximity of the designer-builder to the building site, and
access to workers and indigenous building materials (such as the
use of Carrara marble from in and around Florence for the Santa
Maria del Fiore dome), the ubiquitous nature of information has
allowed for a change in the architectural delivery process. In the
Albertian Paradigm, interpretation was necessary to mediate
between an architect’s intentions and the realisation of the
building — a ‘possible to real’ relationship that could not ensure
precision in the translation from drawing to building.

Certainly, one of the advantages of information models being
advocated here is that they have the ability to translate and
actualise data from the virtual state. In both the pre-
Renaissance and immediate contemporary condition, the
collaborative aspects of this notion — that the designer/architect
and builder/tradesperson could physically work on a scaled
construct testing ideas, building techniques and construction
sequences — seem to indicate that the gap between design and
building, conceptualised by Alberti and which existed
throughout the 20th century and into the 21st century, will
finally be closed. ®
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The Duck Table, part of the
Recycled Toy Furniture
installation at the 2008
Venice Biennale.




The Eggplant Table and Whale Table, two pieces exhibited as part of
Lynn’s Recycled Toy Furniture installation at the 2008 Venice Biennale.
Lynn was awarded the Golden Lion for Best Installation Project at the
international exhibition. He has recently put out an internationl call for
various types of toys on his website, where he offers to buy used toys to
convert into the designs seen here. His recycled toy constructions are
rustic, curvaceous, globular, moulded and playful: they are toys after all.

Computer image of the 3-D model of a dog toy that was 3-D laser-
scanned into the computer. The toys are translated into the
computer at Reverse Modeling, Inc, using a structured light scanner
otherwise known as a ‘white light” scanner. The scanner produces
a dot pattern on the object and translates the information into 3-D
points. Each scan view (top, bottom, sides) is combined to create
the overall 3-D model as point clouds, which are automatically
translated into meshes by the computer software.

A six-axis rotational moulding robot arm cutting a duck
piece. The rotational moulding machine uses heat and
biaxial rotation to cut the toy pieces, which are then welded
together with a hot welding system from Machineous.
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These first-generation prototypes of the high-tech scavenging
of recycled plastics for furniture include four different-sized
tables with plastic Panelite tops, a low bench, storage wall, coat
rack and cylindrical shoe closet.

Our everyday lives are surrounded by plastic water bottles,
plastic cars painted to look like metal, plastic furniture, plastic
implants in our bodies, plastic additives in our concrete, plastic
wall materials, light filtered through plastic diffusers and thin
plastic screens on our desktops. It is therefore no wonder that
glass seems so exotic to architecture when we are surrounded
by so much plastic.

I have been preoccupied with recycling my own children’s
toys into walls, furniture and usable objects; using their toys as
bricks. This led to the design of the Blobwall system of
construction (see overleaf), the first plastic brick that brings
everyday life into a building-scale masonry construction system.
The firm has now found a way to scan, design, fabricate and
construct walls of recycled toys that are lightweight and bear
their own weight. In addition, they do not use the labour or
expertise of masonry and the wet forgiving technology of
mortar to become level and true. Instead, they are laser-scanned
and digitised into a computer, designed and arrayed like bricks,
their intersections are defined as cutting paths, and a robot cuts
their joints and connections with precision. They do not rest on
mortar joints, and are not even glued; the toy bricks are welded
together with a tool used to repair car fenders.

Screen capture of the Duck Table, displaying how the
scanned toys are rotated and intersected in Maya.
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By Greg Lynn

The blob unit, or ‘brick’, is a tri-
lobed hollow shape that is mass-
produced through rotational
moulding. Each wall is assembled
from individual robotically cut
hollow bricks that interlock with
exact precision.




The design of Blobwall begins with a redefinition of
architecture’s most basic building unit — the brick - in
lightweight, plastic, colourful, modular elements custom-shaped
using the latest CNC technology. The freestanding,
indoor/outdoor wall system is built of a low-density, recyclable,
impact-resistant polymer. The blob unit, or ‘brick’, is a tri-lobed

hollow shape that is mass-produced through rotational moulding.

The stock designs are: S-, L-, I- and U-shaped walls as well as a
Dome and Tree House. Each wall is assembled from individual
robotically cut hollow bricks that interlock with exact precision.

Each of the colour schemes is made up of a gradient blend of
seven different brick colours. In the Renaissance, palaces were
designed to mix the opulent and the basic, the elegant and the
rustic. Stones were hewn so that planar faces could stack and
bond, but the outward faces of the stones formed cloven and
rustic facades. The Blobwall recovers the voluptuous shapes,
chiaroscuro and grotto-like masonry textures of baroque and
Renaissance architecture in pixilated gradients of vivid colour. It
is both product - like a child’s toy — and building.
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The Blobwall at ‘Greg Lynn FORM: Blobwall Pavilion’, an
exhibition at SCI-Arc in Los Ange