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Inasmuch as the technical limitations of the 19th
century deemed the visionary creations of
Etienne Louis Boullée unconstructable. so too
would be the fate of many current projects. were
it not for the rapid advances in computing tech-
nologies.

Watching the erection of Daniel Libeskind's
Royal Ontario Museum (ROM) addition along
Bloor Street in Toronto. the casual ohserver will
likely see nothing more than a disorderly. dense
mass of weirdly angled steel. Transforming this
project from Libeskind's napkin sketch to what is
one of the most controversjal architectural pro-
jects to be built in Toronto has required those
working on the team to use specialized tools and
processes to distill an orderly and logicallv con-
structed building.

Simple orthographic drawing convention was
not useful in defining the volumes of the project

at virtually any stage of design. fabrication or
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construction. Within the architectural practice.
3D computer model was the central reference
piece. Standard architectural plans. sections an!
elevations were developed but these required
significant supplementation to make them “use-
ful.” While the floors might be flat. most of the
interior and exterior walls lie at an angle to the
vertical and intersect at ixvegular points, makiny
each piece of the project unique. Material take-
offs and dimensioning needed to be done via
drawings in the same plane as the angled sur-
faces. While methodologies for constructing an
assembling the skin of the building may be in an
of themselves straightforward or repetitive, each
face, peak and valley required distinct detailing
to account for the technical challenges presentel
by unceasing anomalies.

{n most “standard” architectural projects. the
architect and engineer define and prepare con-
tract documents for bidding. often in concert
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vith the project management team. In this
ristance it was the steel fabricator. detailer and
rector—Walters Inc. of Hamiltor—who in con-
ert with Halsall Engineering (working with Arup
f London), had the facility and experrise to
ransform the three-dimensional ervstalline

izpirations into actual steel members and realiz-
ble connections. This seenis to hiave become the

S

norm for a steel fabricator such as Walters who
has also been responsible for the steel fabrica-
tion and erection of other complex structures
such as the addition to the Ontario College of Art
and Design and the Regeneration Hall in the new
Canadian War Museum in Ottawa.

In addition to the basic framing floor plans.
the central reference model for the fabricators

INC

was a series of axonometric drawings that define
the five "crystals” of the museum. Three-dimen-
sional physical models were also used to visualize
the structure—ones showing the floor framing
layers and ones with the steel diagrids of the
crystal faces overlaid on the volumes of the build-
ing. Such drawings were broken down to generate
a series of fabrication drawings used in the

. .~ CANADIAN ARCHITECT 5.5



ABOVE, LEFT TO RIGHT VVAITERS SITE SUP
MENT TO SITE. serow, LEFT To RIGHT 1HE

ANCE FOR ERRCR AND MLIST BE CAREF

shop—one for each unique piece of the frame.
Although the triangulation in the diagrid form
itself gave stability to many of the planes,
moment connection systems were also used
throughout the structure to reinforce and in-
crease lateral stability, particularly where large
truss members or skylight enclosures are left
hanging or cantilevering in the final design.
The steel erection began “crystal by crystal,”
with Crystal 4 in Summer 2004.. The various
erection sequences defined the ordered progress

of the steel erection. Affection for the project was

evidenced by the nicknames for the disparate
pieces—the “palms” or the "owl's head " —as the
steel's visual characteristics gave each piece a
unique personality.

As in the case of Regeneration Hall, Walters
used proprietary 3D technology to work out the
myriad of connection details. Such programs
allow the detailer to use a three-dimensional
model of all of the steel components that incor-
porates loading, and much like an architectural
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3D design model, rotate and pull it apart to look
at the distincr sections. member sizes. plate
thicknesses and bolting and welding require-
ments. As virtually none of the steel in this
building was intended to be exposed. the choice
of member shape and size was left to the detail-
er's discretion in response to issues of con-
nectahility. economy and architectural “sleeving
boundary.”

The steel members were fabricated in Walters
shop in Hamilton and then transported to the
Bloor and Avenue Road site. to be delivered in
such a way as to avoid traffic congestion as much
as possible. The staging area on the north edge of
the site was extremely tight, so the steel was
offloaded and laid very compactly on a “to be
erected” basis. Trucking restricrions along the
403 and Gardiner Expressway limited the size of
components. so many of the larger angled pieces
of the diagrid were shipped as essentially straight
members with their palm-like heads attached in
the shop. and assembled into larger configura-
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tions in the staging area prior to erection. As b
erection proceeded through the fall and non-s
through the harsh winter of 2005, the staging
area steadily shrank as the building displaced 1/
free area of the site. This made sequencing an
placement of deliveries even more critical.

For normal steel erection, gravity assists in
pulling the pieces into their final position.
Contrary to what may be thought, steel joints i1
project as complex as the ROM must have
exiremely tight tolerances—extra space to allo
for members to connect more easily would ot
compound into error and lack of fit further dox
the erection sequence. Gravity was the enernis
much of the erection at the ROM. Lifting poirr=
and chain lengths for the complex angled piec-
had to be carefully calculated by the erecrors 1
reflect the gravitational centres of the oddly
shaped assemblages. The ironworkers somerin
made several attempts at obtaining the correct
lifting angle or position so that the piece couli:
slid into its receiving connection. This som«




= the staged pieces be turned over or rotated within the
s = ovz oo s poario their final hoist. Sudden movements or slippages
- * Letolerated during a lift. were the gravitational cen-

-rone peroent ofthe erection was achieved with the use of a single

eurre of the project. The positioning and reach

is T < oo v calculared. Again the restrictive site area and
ion play < 0e vearness of Bloor Street and tight staging area
gated the use of lars vocranes to routinely assist with the erection
rkers Toron D=orereered the steel, and on July 12. 2005 when
piece was oited oo place with Dantel Libeskind looking proudly

rree. svinbolic of an accident-free

phst nt in and of itself as the nature

Ot thls sreel nad o see the effective use of fall protection
-¢l beams four or five floors

stemeas ironworkers climbed up ancled s

rune ook or complete connection bolting.

d as required. Although it may ap-

ceentric forees o all of the non-vertical

T Reavy and over
embiers put enarmous deflecting loads on the unbraced system. The angled

erbers had to be sized much farger than standard vertical columns to pre-

Tinecrea it to be virtually self-supporting

sing sag in the structure

il permanent floor svstems were 1n .and they had to avoid the need

or la

nnal tension eables was used 1o hirace tl

ge nurmbers of texmporary shoring members or svstems. A system of
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stricture duri g erection. and

rete floors whose

«ere left in place until the completian of the deep cone
liaphragm action was esseutial 1o locking in the shape of the frame. Once the
merete floors were complere in Seprember 2005, all of the remporary
ables and rare vertical steel support members were removed.
Steel experiences a significant amount of expansion and contraction due
-l the structural frame in mid-

o temperature changes. Walters delive:
mmer 2005. Subsequently. the frame experienced new loading due to the

nsrallation of the concrete floors. and with current winter temperatures.
he frame is not the same size nor shape as it was mid-summer. At present.
Wer 10,000 connectors are be".ng atrached that will permit rhe installarion
i the cladding system. designed and fabricated by Josef Gartner GmbH in

sermany, in concert with Permasteelisa. Along wirh Arup. members of this

zam have been responsible for the detailed design and installation of the

adding on the Disney Concert Hall by Frank Gelirv in Los Angeles, as well

5 Gehry’s Experience Music Project in Seattle and his Guggenheim
Juseum in Bilbao. Accommadaning the geverity and temperature swings of
he Canadian climate may prove to be the most interesting techinological
hallenge of this element of the consrruction,

Of the building itself. manv might ask. "You can do it. but should you?”
‘he ROM's steel skeleton mav be crivicized as being excessive or inappro-
e

e a bad thing considering the ave

riate. but the process s start an interesting conversation. and might not

! neutrality of most Toronto architec-
ure. It is unfortunare that this cuing vrdered chaos of steel will be
nostly concealed by either cladding or drywall, Intumescent coatings would

ave allowed this epergetic strnciure 1o be exposed for countless gerera-

ions to continue o expericncs anid enjov—like the giant dinosaur bones

nce hidden by fleshithiarwill soon be housed inside the newly expanded

useum. Perl e fealn es inthe perceived typological difference

seum’” (backdrop) and “science centre”

etween what
exhibit)? CA

erm Mever Buake (z an 4<s S sessoran the School of Architecture at the
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