Completed building photographed. from 4th and Madison.
Courtesy Michael Dickter/MKA.
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By Jay Taylor, PE., and Dale Stenning
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had envisioned two separate, lay-

ered structural systems support-

ing the structure (Figure I). The

first system, multi-story-deep pe-
rimeter platform trusses supported by carefully positioned sloping
columns, would carry the building’s gravity loads. The second system,
a diamond-shaped steel grid exoskeleton, would resist wind and earth-
quake loads, interconnect the platform trusses, serve as the interior ar-
chitectural finish, and support the glass curtain wall. Specially designed
slip connections would allow the grid to stabilize the platforms against
lateral forces without carrying gravity loads, thus eliminating the need
for fireproofing (Figure 2).

A study was undertaken to determine the optimum diamond size
and shape, both for constructability and cost. OMA/LMN and MKA
worked closely with Hoffman Construction, the constructioniman-
ager, and Seele GmBh, the curtain wall design/build subcontractor, to
establish the optimum grid size and spacing for span, performance,
fabrication, and aesthetics. Several variations of grid size and mem-
bers were investigated and ultimately a 4- by 7-foot diamond grid
was established.

Add an Alternate Frame of Reference

The next challenge was how to convey the building and its complex
geometry to Hoffman Construction and subcontractorsin 2D drawing
form. As a start, OMA/LMN produced documents describing the
basic geometry of the facades. These drawings illustrated cross-
sections of the building’sfour elevations, with enough information to
indicate primary geometry (i.e., offset from grid and dimensions to
all building corners), including the dimensions of the geometry of the
mullions-on all faces of the building.

A nontraditional but strategic decision was made by Hoffman to have
the curtain wall subcontractor take the lead on providing the 3D com-
puter wire frame model necessary for the detailing and fabricating the
structural steel. For a typical building, the curtain wall and steel are
detailed in parallel. However, the Library’s unique geometry and allow-
able steel fabrication and erection tolerances prohibited this approach,

unless every single glass panel
were detailed independently. Plus,
the fold lines of the glass and the
— aesthetics of the diamond grid
4 transition from one building face
to the next were critical to the ar-
chitects’ vision. It was decided that if
the curtain wall detailer proceeded first
{(working under a 3-mm tolerance),
face-of-glass could be used to set
building geometry versus face of
steel. The steel could then be
successfully detailed, fab-
ricated, and erected 7f an
incredibly tight cumulative
tolerance of % inch was
y met. It would be possible,
1 '} but it meant that the steel
i detailing tolerances had to
‘g,e}' be virtually zero, with very
= minimal material and fab-

Q
G rication tolerances, to save

D>
» as much of the 2 inch as

possible for erection.
Figure 1: Computer rendering showing
perimeter trusses and exterior steel grid.

Courtesy Neal Luck/MKA.
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S| [igure 2: Perimeter truss

WL 10 steel grid slip connection
" assembly detail. Courtesy

Neal Luck/MKA.

One Piece at a Time

The next priority was to establish a common frame of reference,
so that all involved parties were dimensioning to the same points.
Since the diamonds were a standard size, OMA/LMN developed a
“key diamond” approach, with the grid layout referenced from a single
diamond on each face (Figure 3). Hoffman and Seele did modeling
to array the grid geometry up each building face and across
the folds, so the architects could select the optimal diamond grid
relationships at the corners. The key diamond was set at a correlating
location, with the grid lines and finish floor elevations providing the
X,y,z coordinates.

Hoffman extrapolated that point into a uniform coordinate system
(incorporating an x,y,z grid and CAD layering system) to create
standards for transferring and sharing files. From this, Seele built a
primary wire frame model which, after auditing and acceptance by the
design team, was built into a 3D object model containing all the curtain
wall components. The model provided back-of-mullion geometry
and included production information for the computer numerically
controlled fabrication equipment.

contz'nued on nextpﬂge

Figure 3: Exterior
elevation drawing
showing “key
diamond”
location. Courtesy
OMA/LMN a
Joint Venture.
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Figure 4: Seeles computer rendering of
external steel grid intersection details.
Courtesy Hoffman Construction Company.

Library Origami: The Art of the Fold

Looking at the planes and folds of the Library, the word “random”
might come to mind. However, the fold transitions were anything
but. At some folds, the architects wanted a gutter or “negative” fold to
emphasize the edge of a face; in other places, a point was desired. No
two folds were alike, due to the building’s geometry and asymmetry,
and every time a fold line was shifted, even very slightly, it changed
the geometry of the entire building face.

Each fold decision also impacted the detailing, design, and construc-
tion of the various joins, including the steel connections. Seele devel-
oped details for every single condition of steel converging at the corners
(Figure 4) for review by OMA/LMN and MKA. Ultimately, mockups
were built of two of the most complex building corners, as well as many
of the fold line conditions, for final architectural approval.

Six months later, Seele was ready to hand off their computer model
to the steel detailers, a team of The Erection Company, Canron, and
BDS. BDS used Seele’s model and the information on the structural
drawing sheets to create an Xsteel model, identifying top of steel,
centerline of steel, and back-of-glass spacer.

Creating a “Kit of Parts”

Once the entire building was modeled and steel shapes assigned,
MKA and Hoffman assessed constructability for all corner steel
conditions. Instead of detailing every one of the thousand or more
joints, MKA developed a “kit of parts” with individual details applicable
to several conditions. The detailing team was told if they run into
Condition A, B, or C, use Detail 1; if Condition D, E, or E use Detail
2; etc., thereby covering a wide range of conditions with a relatively
small set of details.

Tremendously helpful at this stage was Hoffman’s development of
a method to view exact building conditions without transmitting the
Xsteel model back and forth or attempting to document the condition
in 2D. The method involved generating .avi files from the Xsteel
model, which were attached to and sent with RFI’s. The avi’s allowed
the engineers to pan, zoom, and rotate the condition illustrated. In
many cases, the engineers used a screen capture from the .avi to indicate
the desired solution. The reduction in turnaround time, improved
communication, and increased accuracy all contributed towards achiev-
ing required tolerance goals.
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Once the detailing team had a partially developed Xsteel model
(i.e., steel shapes extruded but not trimmed), the model was handed
off to the M/E/P subcontractors. They incorporated the M/E/P
routing and penetrations then gave the revised model back to the steel
detailers, who trimmed the details around the M/E/P penetration
points. MKA reviewed the model to compare actual penetrations with
those originally anticipated and ascertain any structural impacts. A
second “kit of parts” was developed by MKA for conditions requiring
revision, with the detailing team again selecting and applying the
appropriate solution.

Star Wars Laser Technology i——— %
And then the construction began. The steel erection sequence was : ,> = ! . I ] \ i
complicated, as the seismic steel grid panels had to support the o | il ek
building not only upon completion, but also during erection.+ This : e 8
meant the panels had to be hung and bolted off before the structure :
could advance upwards. The panels also had to accommodate building Figure 5: Digital image of ‘scanned’” erected exterior steel grid.

movement as construction proceeded, yet still meet Courtesy Hoffman Construction Company.

stringent construction tolerances. The process
called for ongoing and extremely accurate surveying.
Hoffman turned to digital laser scanning, a cutting-
edge technology developed by the military to link
satellites under their Star Wars program.

A digital laser scanner is a bread-boxed size
apparatus with a quickly spinning prism mirror
synced to a pulse array of transmitted on/off laser
pulses. Next to the transmitter is a receiver that reads
the light reflected off any surface the laser hits. The
scanner knows how to distinguish individual pulses
and translates the pulses received into distance.
Because the laser is spinning, the scanner also knows 4
the exact transmitting angle of the light pulse and ]
is able to locate an x,y,z coordinate. The groups of HUNT’ N PECK vs POINT’ N CLICK
points captured, accurate to Vs inch in 100 meters, *
can then be translated into surfaces (Figure 5).

- A \ A Simpson’s new Anchor Designer Simpson's time saving Anchor Designer
alI_IIOffman ShOtf §E E;anel e}ieaed with the (.hgl' Software makes it easy. Software is easy and straightforward to use
t aser scanner from at least three separate pOlIltS, And |l"s FREE! ) and itls FREE! DO the math and see

then examined the graphical reports produced for
areas where the Xsteel model and the erected sur- Our new Anchor DESignfi‘r Software effort you'll save. Logon to
face varied by more than % ‘inch (Figure 6). Af- makes it easy to selectju§t the www.simpsonanchors.com
ter quickly pinpointing these locations, Hoffman right anchor for your application. ANCHO ' ¥, for afree download and

n : 3 No more flipping through ;
f d field adjustments by eith h ) /" put Anchor Designer to work
per f)rme € .'a justments by C'l er pushing or catalog pages searching for ) ESlGN E R g fo? you today, Or (?all Us at

pulling the steel into place. As might be expected, e
pulling on one corner of steel can impact the lo- ;p:t(;l;‘;zls r(?rdIL(J)Cat(?‘vzzliuSSS i > fr it 800-999-5099 for our new
/2005 CD ROM. It includes Anchor

cation of the entire piece, so adjustments were .
. N\ o simply enter the performance . .
complicated. Once the steel was within acceptable /" Designer software along with

: for yourself how much time and

70" SEWAIMIDNNS MMM 1ISIA ‘UONEWIOJU] JISNIAPY 10,]

riteri n nd the program . ,
tolerances, it was permanently bOIFCd- (r:eC(c;mamyt;)rijdseaer?cﬁoﬁj soleut[i)ogg Sased on S/ i con;ple;tel prlo gultlzt/tgatalog dmformi-
continued on next page test data. Load reductions for variables and mfrg’ eehnical butletins, code reports

like spacing and edge distance, base

material thickness and temperature are Whatever the application, BH ._;j

automatically calculated - without punching Simpson Anchor Systems ”!

a single calculator button. Better still, all has the product to ~' 5-

the results and calculations can be saved do the job right! \

or printed out for handy reference. P

.:EME Strong-Tie
ANCHOR SYSTEMS

© Copyright 2005 IN THE SPECS - ON THE JOB - AT YOUR SERVICE-
Simpson Strong-Tie Co. Inc. SIMPSON STRONG-TIE COMPANY, INC.
Figure 6: Enlarged digital image showing exact location of 800-999-5099 ¢ www.simpsonanchors.com

erected steel grid. Courtesy Hoffman Construction Company.
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Hoffman quickly adopted a routine of hanging steel in the
morning, laser shooting it in the afternoon, analyzing the reports in
the evening, then reporting the results to the ironworkers the next
morning. Any panels adjusted were “reshot” to verify location and
determine any corresponding ripple effect. Due to the tight schedule
and small construction staging area, the sequence of hanging, shooting,
analyzing, adjusting, and reshooting had to be stringently followed.

4,644 Tons of Steel Settle Less than an Inch!

Tolerances were typically achieved the first time without adjustment.
For a small number of steel-to-curtain-wall connections (primarily
tight corners with small panel pieces), a custom connection was
necessary. Hoffman developed its own “kit of parts” comprised of

Figure 7. Courtesy Michael Dickter/MKA
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special brackets capable of achieving up to 1 inch of tolerance in
a given direction. The brackets were employed on approximately
150 points of the 10,000-diamond grid.

Over 320 tons of temporary steel were used in an erection
sequence developed by MKA and Hoffman. When the steel was
removed, the building settled as expected, but less than half the
amounts predicted. A final survey revealed that the structure
had rotated just 78 inch and settled % inch.

The Library was extremely demanding from a construc-
tion perspective, due in part to numerous. sight lines that
absolutely had to be straight. There was little or no interstitial
space where adjustments could be made; rather, the building
envelope represents a single expression, from primary structure
through seismic steel and culminating in the curtain wall.

Today, much of this construction story is hid-
den behind the dramatic folds and planes of the
Library’s glass exterior (Figure 7). (If only those
walls could talk!) Yet those involved will not soon
forget the collaborative experience and unique
technologies used to create Seattle’s newest land-
mark. Each day as many as 12,000 visitors pass
through the library’s doors, many drawn as much
by the building’s structure and architecture as
they-are the books!=

Jay laylor, PE., is a Principal with Magnusson Klemencic
Associates in Seattle, Washington. Jay is a senior member of
MKASs Library/Museum Specialist Group and served as Project
Manager for the Seattle Central Library project.

Dale Stenning is an Operations Manager with Hoffiman
Construction in Seattle, Washington. Originally trained in
Architecture and Structural Engineering, Dale was the senior
construction engineer for the Central Library. Prior to the
Library project, Dale worked on the Experience Music Project,
which was also engineered by MKA.
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Development Manager:
The Seneca Real Estate Group (Seattle, WA)




