$4.95 JUN/O7
V.52 N.06

ARCHITECT

DIGITAL FABRICATIONS
CANADIAN DESI@N

I

0""61399"20101%" 0
PM#40069240




MEASURING FOR SUCCESS

THE TIME HAS COME FOR ARCHITECTS TO INTE-
GRATE THE METHODS ASSOCIATED WITH DIGITAL
FABRICATION INTO THEIR PRACTICES. THIS IS
NOT AN ISSUE OF TECHNOLOGY, BUT ONE OF
DESIGN MANAGEMENT AND COMMUNICATION.

texr |AN CHODIKOFF

The era of integrating CAD systems into architectural practice is firmly
behind us. It is only a matter of time before the makers of AutoCAD will
phase out their ubiquitous CAD program and replace it with a more sophis-
ticated software that is better able to catalogue and visualize three-
dimensional digital information from conception to construction. Archi-
tects need not panic, as they will be able to learn the benefits of maintaining
their design integrity while increasing the effectiveness of communicating
their ideas to fabricators and contractors. The results will mean transparent
budgeting, more efficient installations and a reduction in design and tech-
nical information being lost as it moves across the many trades and consult-
ants involved in all project ranges.

Paul Celento’s article entitled “Innovate or Perish” found in the Spring
2007 edition of the Harvard Design Magazine offers a critical review of why it
is necessary for architects to change their existing work habits. Celento

argues that a primarv source of architects’ discontent is that thev are often
hired to provide custom-design services in a product-infatuated market.

Few clients understand what it takes to develop and design a new product
and even fewer are willing to pay for it. Fortunately, advances in digital
fabrication are creating new opportunities to rapidly create new designs
and prototypes, but a large percentage of the profession remains unwilling
to explore these new technologies. As Celento argues, “Architects’ refusal
to embrace technological innovations invites their extinction. Less hide-
bound professions are ruthlessly shoving their way onto the turf—once

the sole domain of architects. The capabilities now provided by furniture
system designers, sustainability consultants, construction managers

and engineers of all stripes have become so advanced that Martin Simpson
of Arup Associates suggests that architects may eventually become un-
necessary—except, perhaps, as exterior stylists.” To prove Simpson wrong,
the following pages will explore the foundations of what a few architects
and fabricators are doing to incorporate changes in digital fabrication into
their practices.

One of the emerging leaders in bridging the gap between designers and
fabricators through digital fabrication is Julian Bowron, President of
Feature Factory, a Toronto firm specializing in a variety of custom commis-
sions ranging from exterior signage to specialized showcases and display
walls. As Bowron recently noted at a continuing education session held in
Toronto last month, the success and future of digital fabrication largely
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depends on its ability to integrate both the design and construction
processes between architects and manufacturers. This has been assisted by
the evolution of computer-numerical -controlled (CNC) production tech-
niques, as well as computer software visualization packages like Rhino and
3D Studio Max becoming easier for designers to use. However, it is the
parametric solid-modelling platforms like SolidWorks that have really
evolved into useful rendering packages, allowing for the sophisticated coor
dination of shop-drawing packages as well as the ability to maintain a bal-
ance between CAD-CAM and craft-based projects.

As Bowron remarks, AutoCAD overtook pencils in the 1980s and comput-
ers overtook watercolour renderings in the 19gos. If you couldn’t create a
computer rendering or ri}'—thr(lugh ten years ago, then your client would
likely be unimpressed with your creative talents. By 2000, computers over-
took semi-skilled labour to the point that we are seeing software packages
used in steel fabrication that almost completely automate the entire steel

shop-drawing process. Assuming Bowron is correct, by 2010, digital fabri-
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cation will enable innovative built form to be com
raduate architects continue to work in offices with mini

ishing skills, :
mal knowledge of how assemblies are constructed, and as the COTHPATIES
that build your designs hire inereasingly unskilled labour

Parametrie solid modelling was initially developed for industrial design

applications in an era where computers were not powerful enough to con
ceive the design of entire buildings—never mind complex buildings
designed by the likes of Norman Foster or Frank Gehry, As the cost of com
puter power decreases and software improves, the realism, size and com
plexity of modelling increases. Currently, software systems have the abiliry
to incorporate spreadshects and scheduling modules to create Building
Information Modelling (BIM) BYE1EMS that can accommodate a variety of
computer file forms useful in all stages: conception, modelling, analysis.
detailing, cutting, assembling, installing, and even maintaining building
materials. Paramerric solid modelling is a highly efficient system for creat
ing, orranizing, and viewing large amounts of data, simplifying contracts,
reducing the number of change orders and speeding up construction,
However, it is the ability to manage data while ensuring a 40 image in the
designer’s imagination that is the overarching advantage in suecessful para
metric modelling, leading to seamless digital fabrication.
The issue of data management is evident with firms like Soheil Mosun
Lid.—a Toranto firm ﬂl&r'l'i;lli,‘jrl!_:' in avariety of fabrication techniques in
volving everything from steel and glass to wood and stone, Like Bowron,
Soheil Mosun's CEQ Darius Mosun might typically receive a fax from a con
tracior who pulled a drawing off a tender package to bid on a job, With
dimensional information and the architeet’s concept missing, a fabricator
will have difficulty determining whether or not he is supposed to build a
stee] object that 15 intended to glow, or support & tank in the basement. This
is a clear example of data being lost—the design concept fails 1o be commu-
& building.

nicated to the actual Fu-nplr' who are construeting
So what does the future of parametr ie solid r|||.-|{|'||:!||.!'.'||'1':I.i.||._l. look like?
It looks more real where shadows, light qualities and optical properties of
acrylic or glass can be accurately depicted—and thus anticipated—in model
form before fabrication ean begin. It can also shorten timelines—a valuable
henefit for any elient. In the case of { i!'l-|' Limited, a Toronto office interiors
project completed by designer Johnson Chou, digital fabrication allowed 84
workstations to be designed, manufactured and installed within five weeks.
It took one week 1o design the prototype, three weeks for fabrication and
one week to assemble the units. By using a digital modelling process where
every part is conceived-—down to a single flar-head serew, a bill of materials
is compiled, giving an accurate account of what needs to be priced and built.
Bowron's firm manufactured the Grip workstations, and he explains that
digital modelling allows the architeet to view, rotate, measure and hide gpe
cifie elements of the design to see how the various ¢ oImponents relate to cach
ather before a single piece of metal is cut, From a software - modelling pro-
gram like SolidWorks, a designer can generate file formarts (i.e., DXFs) that
instruct a machine to do the cutting—such as a shuitle table laser. For the
Crip project, Bowron sent a crew of installers to the site with rechargeable
drills, just in case any manual adjustments had to be made with respect to
the holes needed to loek the workstations in place. Of the 84 workstations

manufactured, not a single hole was reamed in any way whatsoever—there
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ror anp isoee [ULAM BOWRCN DEVISED A DETAHLED INSTALLATION PLAMN TO SAWE OM LABOUR
COSTS AND TO ENSURE THE ACCURATE COMNSTRUCTION OF THE NEW HBO STORE IN NEVY YORK
DESIGHED BY GEMSIER, sevow. wrr 1o ment A NEW CHANDEUER FOR A HOTEL CALED MIAMI OINE
WAS EXECUTED BY BOWWRCHY, WHO MODELED A PROTOTYPE FOR A 30 TILE TO BE MANUFACTURED
I PLASTIC, THEM PAINTED TO LOOK UKE A CERAMIC TILE, THE ASSEMBLY WAS MOUNTED ONTO A
SIMPLE ALLIMIMUM FRAME: THE COMPLETED CHAMDELER WS DESIGNED AMND BURT FOR A FRAL:
N OF WHAT IT WOULD HAVE COST HAD THE TILES BEEN MAMNUFALTURED 1N CERAMIC
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were no manual adjustments to the design,

Another interesting project executed by
Bowron was a chandelier installation designed by
Yabu Pushelberg for a hotel in Miami. The con-
struction of the chandelier initially considered
custom-fabricated ceramie tiles. However, the
cost and time frame invalved was prohibitive.
Therefore, Bowron designed and modelled atile
prototype that would be machined on a gantry
router, and then manufactured in plastic using a
vaeuum-forming techuigque. The tiles would sub-
sequently be assembled on a very simple alumi
num frame. The final cost of the chandelier was
one-sixth of what it would have cost if the tiles
WEre CErmic.

With digital fabrication, it is also possible to
create assemblies that are highly detailed in the-
ory and in practice. The communication break
down occurs not only between the designer and
fabricator, but between the fabricator and the
installation erew. The Mo#t Hennessy offices in
New York, designed by The Phillips Group (TPG
Architecture), is an example of how Bowron's
[irm was able 1o coordinate a cost-efficient
installation. Because Bowron anticipated a rela
tively unskilled crew, he had a 2a50-foot-long plot
printed out and affixed to the floor of the job site
g0 that the crew could simply screw the drywall
track directly to the layout. When the installation
was complete, the first panel split the line on the
drawing at the beginning and the last panel split
the line on the drawing at the end. And while the
total installation budgeted was $30.000—and
accepted by the client—the actual cost came in at
$6.800, allowing the contractor to walk away
from the job with a tidy profit.

A gimilar anticipation of where low-skilled
and highly paid labour issues can be eircum-
vented oecurred in the new HBO store designed
by Gensler. To complete a design where there
would be no visible fasteners, Bowron needed 1o
undertake extensive digital prototyping (in addi-
tion to conducting in-house material testing)
and ereate a detailed installation guide complete
with rendered views and step-by-step instruc-
tions that would make the minds behind lkea
assembly instruction booklets green with envy.
Explicit instructions were a necessity, as time
wis a premium—given that the job had to be
done at night, With the going rates for overtime
labour set at US $zo0/hour with at least an
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eight-man erew and a four-hour minimum call.
there was no time to

Like Bowron, Mosun's design team engages at
all levels of a project’s lopment, and with a
l.'.'|r:i1'|._1. of stakeholders, Owners, develo
architects and designers routinely visit Mosun's
office to elarify budg
their projects. This dialogue is ne ;
understand how a fab ir uses digital infor-
muation—far both traditional and computer
asststed machinery, By establishing a studio
environment where designers can come in and

how machinery is used on everything from

golid wood, wood

1at kind of detailing they can develop.

and what the capabilities are of material inter-
faces achieved through mock-ups and proto
types. Itis ecret that a lack in drawing clarity
will leave considerable room for interpretation—
often to the detriment of a project’s success, By

nizing their offices to create a studio work-

= that fosters ongoing collaborations and

relattonship-building across a range of designers
and architects, Mosun intends 1o make the con
stantly evolving technology easier to swallow and

maore effective for all concerned.

The Bahéa’'i Temple for South America,
Santiago, Chile
This story would not be complete without at |e
some discussion surrounding the Bahi'i Temple
in Santiago by Hariri Pontarini Architects (HPA)
[ustin Ford, an associate with the firm, is the digi-
tal fabrication point man for the project. The
“Temple.” as it is commaonly called, presented a
huge learning curve for HPA. who didn’t expect 1o
invest 20 heavily in digital fabrication techniques
when they ul!l1.l.'|“ll| von the competition in June
‘or HPA, i conversant in digital fabri
ion was important—if they didn’t do it, then
somebody else would, BIM technologies provided
an incredible tool to design and resolve the devel -
opmenl of the project, The .‘_i-II'I'IFl]i' birief for the
Temple—a nine-sided dome with nine entrances-
allowed a lot of dreaming 1o oceur for the HPA
design team. They eventually arrived at a main
structure comprising three elements: 5|:|;1]H':§:!|
alabaster and cast glass with a highly engineered
ateel structure sandwiched in between. Modelling
the process, both by hand and through the com
puter. afforded the team a considerable opportu

nity to explore form and function,

RIGHT, TOR 10 BOTTOM F
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Computer modelling was initially developed
through MAYA—a software package typically nsed
in the animation industry. Its major drawback is
that it doesn't ascribe specific units to the model.
Building from an abstraet digital sculpting ool
was not going to be sufficient. At this point, HPA
discovered the complex acrospace design software
program called CATLA. Using a special plug-in for
CATIA called Digiral Project that was developed by
Gehry Technologies, HPA was able to use the pro-
gram to accurately model and dimension the vari-
ous components for the Temple, thereby rational -
izing the nine leaves comprising the dome.

As the project has developed, HPA has under-
taken the construction of a 1:6 prototype of one of

the Temple's leaves so that they could establish a
realistie pricing schedule for the steel structure.
Working with Darius Mosun's team of designers
and fabricators at Soheil Mosun, the model ereat-
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ed the necessary jigs to fit all the pieces together
and even anticipated the space required fora
welder to go in and work on the steel structure,
For the stone cladding, HPA was able 10 mill vari
ous pieces of alabaster for the projeet with a five-
axis CNC milling machine. Referring to the indi-
vidual pieces of stone with names like “bullnoge,”
“shoulder” and “spine,” it was important to cata-
logue each of these exterior stone elements as the
design studies progressed, leading to the elimi-
nation of unnecessary shapes in the eventual
construction of the project,

For the mock-up of the steel structure, HPA

worked with Soheil Mosun to model fabrieare and
catalogue each of the steel plates and tubes

required for the structural system of the Temple—
keeping track of the changes along the way.
Because of the current state of construction which

atill relies primarily on two-dimensional draw-

TS
O _ O BE FABRICATED FOR
THE BAHA'T TEMPE. werr A REMDERIMNG OF THE
TEMPLE, ILLLESTRATIMG THE STEEL FRAME BE
HIMND THE TRAMSILKCENT ALABASTER, asove A
FIVE-AXIS MILLIMNG MACHIMNE CARVES OUT A
SEIECTED CATIAGEMERATED ELEMEMT OF THE
BLUILDAMG OUT OF ALABASTER: COMPLETED

E5 OF ALABASTER STORE MILLED WITH
SLUTE PRECISION

ings, and because most hidders and builders do
not use CATIA software, HPA had to convert some
of the information contained in the model to an

AuioCAD 1|l‘i’|'f\-'j_|1),.{, iI_H‘!;_iFleli{ the information up
with the requisite gridlines, section cuts, dimen-

sions and other various notations. The back-and -
forth process of either working from three to two
dimensions, or from technology- to eraft-based
design was essential in verifying the desired
effects of the design concept, while ensuring that
the project could be built as planned.

The Michael Lee-Chin Crystal in the new
ROM, Toronto

Anather example of using digital fabrication to
manage a design coneept to completion is at the
“renaissance” of the Royal Ontario Museum
(ROM), designed by Daniel Libeskind. One of
the first steps that Studio Libeskind took after
winning the design competition for the ROM in
2002 was to develop a model in form-Z hefore
working in physical models at various scales to
reconcile the programmatic requirements of the
project. The averall structure is hasically a dia-
grid—giving the “Crystal” element of the ROM's
rennvatinn mnltinles lasd nathe and allawd ne tha
architects to eliminate a number of interior

columns. Computer studies were also taken to a
level where floor plates could be manipulated so
that the internal openings would make sense and
that sprinklers, rainwater leaders and other
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asove A |:& MOCK-UP OF THE STEEL STRUCTURE INCLUDING AllL CONNECTIONS FOR ONE WING OF THE BAHA'| TEMPL

FIE HAS BEEM FABRICATED AT

SOHEIL MOSURMN UMITED IN TOROMNTO, SHOWN ARE COMPARATIVE IMAGES OF THE COMPLETED PHYSICAL MOCK-UP AND THE CATIA VIRTUAL MOCKLIR

building components would not eonflict with the new structure and build-
ing envelope. With a digital model in place, the construction of the
“Crystal” involved a series of X, Y and Z coordinates that Vanbots, the con-
struction manager, could use to pinpoint various k::.-' structural elements.
These points in space were necessary 10 SUrvey so that the intersecting
planes of each element of the facade could be adequately built. With the
exception of the steel and fagade contractors, very few of the trades were
able to work in three dimensions.

The Future is Now
There are a variety of options available 1o architeeis and engineering firms
as they continue to explore parametric solid modelling and digital fabriea-

tion techniques. Incorporating digital fabrication into mainstream practice
will not be resolved by simply throwing mooey into new software and
equipment. but it should be undertaken as part of a dialogue that begins
with better communication amongst architects, fabricators, construction
managers and contractors. Architects will remain the ultimate coordinators
of their design projects, and should not be fearful in advaneing their firms’
capacities 1o visualize and model their designs, ensuring a greater level of
transparency and clarity in the tendering of future projects, Through digital
fabrication techniques, information can be better managed. And as a result,
fewer pieces of information will be lost in the design process—resulting in
better buildings that are able to push formal boundaries that would other-
wise not be possible, CA
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DIGITAL FABRICATION: THE MACHINERY

Architect and University of Waterloo architecture professor Philip Beesley
provides a few pointers for firms who are interested in purchasing digital
fabrication equipment. Beesley, who looks at digital fabrication as an auta
mated construction and design approach, explains that the cost of investing

in 300 printers has dropped significantly over the past few years

The two primary types of digital fabrication machines are cutting ma-
chines and fused deposition 3D printers, Cutting machines comprise laser
cutters—primarily for cardboard, acrylic, plasma and water- jet cutters
whereas lused deposition machines rely on a form of starch which is secret
ed layer upon layer, often infused with a chemical hardener such as cyano-
acrylate (a version of Krazy Glue), Another form of three -dimensional
printing invalves a milling machine which tvpically operates in three axes:
X. Y and Z. Two additional axes can algo be added for what is considered a
five-axis milling machine achieved through a tilting machine and rotating
table, allowing for undercutting and more complex forming,

Lightweight milling machines can range from $3,000 to $10,000. Indus-
trial lager cutters, as well as heavy - duty milling machines can cost anywhere

from $300,c00 to $500,000, but this equipment will usually be found in

fabrication shops. For architecture offices who want to make presentation
maodels, laser curters can range from around $g,coo for a used model orup
to 330,000 for a brand -new one, Deskiop versions—which have a smaller
wattage and printing size capacity—can be purchased for less and are well
suited 1'|):|':\|_|t'||_|'|4' and aceurate cardboard or acrylic models which contain a
high degree of detail. A relative to the laser cutter is the plasma entter.
Similar to a plotter, it uses a gantry with a cutter that can eut through steel
Water-jet cutters are able to slice through thick aluminum plate or Corian
counteriops, but this type of equipment would realistically be used by the
fabricators, and would not be found within an architecture firm. In terms of
accuracy, stereo lithography is more aceurate than the fused deposition
method of building 30 models made with hardened cornstarch. Using a
fused resin within a resin bath, stereo lithography involves two lasers that
focus on a specific point of the liguid resin, hardening the material and pro-
ducing a prototype with a high degree of aceuracy

As far as the future is concerned in terms of equipment. there are some
very ambitious projects on the horizon. Behrokh Khoshnevis, an engineer-
ing professor. Director of the Center for Rapid Automated Fabrication
Technologies (CRAFT), and Director of the Manufacturing Engineering
Crraduate Program at the University of Southern California, is developing a
process to print entire buildings. Extrapolating on the idea of a fused depo
gition printer, Khoshnevis is experimenting with a truck and gantry-type
apparatus that deploys a special conerete that “prints” a concrete founda
tion, then adds the walls, and places beams and lintels into place with a
robotic arm. A special tooling process would ensure that everything is kept
level and trim as the walls rise up. Khoshnevis expects (o see single resi
dences and community buildings built this way by 2009, along with infra
structure like waterworks and eleetrical conduits being “printed” sometime
thereafrer. It sounds ambitious, but the way digital fabrication technology is
headed, it will only be a matter of time before more construction techniques
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