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Parametric
technology helped
architects design

the signature twisted
form of the 128-story
Shanghai Tower.
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Reviews

New Forms

That Function Better

Design software helps architects create museums, arenas, and other
grand projects with fanciful, otherworldly forms. It's time to put the
technology to better use: optimizing everyday buildings for energy
efficiency and the way people actually live and work.

By Allison Arieff

ince the unveiling of

Frank Gehry's titanium-

skinned Guggenheim

Museum Bilbao in 1997,

we've grown accustomed

to eye-popping architec-
tural statements, whether in the complex
geometry of Herzog & de Meuron's Bei-
jing National Stadium (also known as the
“Bird’s Nest”™) or in the precarious cantile-
vering of Zaha Hadid’s MAXXI National
Museum in Rome. If it seems
there’s some immensely com-
plicated system being used
to engineer these gravity-
defying arcs, ramps, and
curves, that’s because there is.
But that technology, known
as parametric modeling, can
do much more than facili-
tate the fantastic creations of
Gehry, Hadid, and their ilk. Increasingly,
parametric design is being used not just to
make buildings more visually compelling
but to precisely tune nearly every aspect
of their performance, from acoustics to
energy efficiency. It’s not as sexy an appli-
cation, but it will become far more valu-
able to architecture and the way we live
and work.

Parametric design software auto-
matically figures out how changing any
parameter of a structure will affect other
physical aspects. It's more complex than
the computer-aided design (CAD) soft-
ware that has been the industry standard

and Revit

Rhino

T R
Ecotect Analysis

made by Autodesk

made by McNeel

Grasshopper
a plug-in for Rhino

since the 1980s. That software essentially
works like a digital pencil; it requires a
person to move a mouse around to manip-
ulate the lines on an architectural draw-
ing. Today’s parametric technology is more
than just a drafting tool. Not only can it
maodel a building and many of its attributes
in 3-D, but it can revise a model instantly.
If an architect wants to alter the pitch of
a roof, for example, the walls then follow
the revised roofline automatically. As Hao
Ko, a design director at the
architectural firm Gensler,
explains, “The designer is set-
ting the rules and parameters,
with the computer doing the
iterations. This gives design-
ers more flexibility to explore
designs, and we can make
changes faster.” It also means
that architects are more will-
ing to make changes that can ultimately
make a project better.

As the technology has improved, para-
metric models have been able to accept
more and more inputs. Architects can use
the software to investigate what a build-
ing could be made of or how its natural
lighting could be maximized. Or they can
virtualize window dimensions and ceil-
ing heights and the way a structure is
heated and cooled. “In any project, there
are a million possibilities,” says architect
Matthew Pierce of Perkins + Will.

Phil Bernstein, an architect and vice
president at the software maker Autodesk,
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Natural lighting was
one of the elements
that architects tried

to maximize in the
Bigelow Laboratory
for Ocean Sciences.

believes parametric technology will help
make new buildings more environmen-
tally sustainable. (This is crucial, given
that buildings account for 40 percent of
the world’s energy use and one-third of all
carbon dioxide emissions.) The current
industry standard for energy efficiency
is LEED—Leadership in Energy and
Environmental Design. Architects who
use green features like drought-tolerant
plants and efficient heating, ventilation,
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and air-conditioning systems can apply
for LEED certification.

But critics of this approach point out
that it's hard to measure the outcomes.
Parametric technology might provide
more precise metrics. How much energy
will a building actually need? Or how
much might it generate? How much
water will it use? These things can be
determined during the design process
and rapidly optimized—you can adjust

the model until you get the results you're
looking for.

That was the case with Perkins + Will's
design for the Bigelow Laboratory for
Ocean Sciences, in East Boothbay, Maine.
The firm used software called Ecotect
Analysis (now owned by Autodesk) to
model everything from thermal perfor-
mance to daylighting—the practice of
placing windows or other openings in
such a way that natural light can reliably

Some of the

most dramatic
forms designed
with parametric
technology have
come from Frank
Gehry, whose Louis
Vuitton Foundation
for Creation is soon
to open in Paris,
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illuminate the interior. As the architects
tinkered with the design in a computer, it
calculated and analyzed such properties
as the building’s floor area, its volume,
and the required guantities of mate-
rials. They could simulate the thermal
performance of different wall, roof, and
window assemblies—and evaluate the
performance against the cost. They could
study how different types of glass would
perform—not just in general but on the
northeast wall at the building’s exact loca-
tion, under conditions suggested by long-
term weather data.

The signature curves
in Bejjing's Olympic
stadium arose from

a complex geometry

that demanded
computer modeling.

The benefits of parametric technol-
ogy can similarly be seen in Gensler’s
soon-to-be-completed Shanghai Tower,
which at 630 meters will be the second-
tallest tower in the world and the tall-
est in China. Its twisting, curved form
was an aesthetic choice, to be sure, but by
plugging that geometry into a modeling
tool known as Grasshopper, the design-
ers were able to tweak the shape to mini-
mize the force of winds on the fagade. As
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Ko explains, “If you have a tall tower like
that, you're studying the different degrees
of rotation. It would be tedious if you had
to do it manually. Using rotation as one
of the parameters, you can run through
the various iterations to get to the final
situation.”

Idiosyncratic subdivisions

For now, the most familiar built expres-
sions of parametric design remain extreme
projects like those created by Zaha Hadid
Architects, a firm that is known for avoid-
ing corners, right angles, and familiar

tvpologies. We see a similar avoidance
of corners in the astounding 19,000
molded glass-reinforced concrete pieces
and 3,500 custom curved glass panels
that make up Frank Gehry’s design for the
Louis Vuitton Foundation for Creation, a
$100-million-plus museum scheduled to
open in Paris next vear.

Even so, many architects (and their
clients) are increasingly asserting that
gesture and complexity for their own sake
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are not enough. Accordingly, the building
industry is becoming more knowledgeable
about improving a structure’s function.
Architecture graduates arrive at firms
armed with expertise in parametric tools
such as Revit, Grasshopper, and Rhino;
they may never have designed without the
help of computers, and parametric model-
ing is familiar to them. Among builders,
engineers, and architects, the adoption of
advanced digital tools for what’s known
as building information modeling surged
from 28 percent in 2007 to 49 percent in
2009 and 71 percent in 2012.

And while such technology is useful
for formally complex buildings, even sim-
pler forms should benefit from it. Archi-
tects Nataly Gattegno and Jason Kelly
Johnson of Future Cities Lab believe para-
metric design can change how we think
about floor plans of houses or grid pat-
terns of planned communities. “Do these
houses all have to be the same?” Gattegno
asks. Parametric modeling “could open up
all kinds of possibilities of what a house
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could be." Mass-produced housing
might become less cookie-cutter, more
idiosyncratic, and more economical
and energy efficient.

Similarly, the technology could
reshape urban planning. Just as it can
create a detailed representation of a
wall, it can model an entire neighbor-
hood to determine the optimal size
and shape of the various structures
in it, says Autodesk’s Bernstein. Awk-
wardly scaled McMansions might be
rethought to make more efficient use
of lots, building materials, and energy.

Parametric modeling can even
take human proportions and move-
ment into account. A company called
AnyBody Technology, for example,
does full-body physical simulations
for the design of cockpits or work-
spaces. The company has begun col-
laborating on Ré&D with architects so
that a parametric model can be used
to simulate a body walking through
a given space. Eventually, architects
could design, say, a nursing home in a
way that optimized walking distances
Or ergonomics.

Of course, models are still mere
simulations. And one thing that this
modeling can’t automatically account
for—yet, anyway—is human behavior.
Bernstein told me that when Autodesk
built its LEED-certified headquarters,
its designers “energy-modeled the hell
out of it” in parametric software only to
find out that the building used 30 per-
cent more energy than they had antici-
pated. Why? Among other things, after
the lights automatically went off at
6:30 p.M., eleaning crews turned them
back on and didn’t shut them off again.
Allison Arieffis a content strategist for
SPUR, an urban planning and policy
think tank in San Francisco, and a
contributing columnist at the New York
Times.
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Romancing the Phone

Love and sex in the age of social media and mobile communication.

By C..J. Pascoe

oy meets girl; they grow up and
fall in love. But technology inter-
feres and threatens to destroy
their blissful coupledom. The destrue-
tive potential of communication technol-
ogies is at the heart of Stephanie Jones’s

self-published romance novel Dreams
and Misunderstandings. Two childhood
sweethearts, Rick and Jessie, use text
messages, phone calls, and e-mail to man-
age the distance between them as Jessie
attends college on the East Coast of the
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