Constructability Pairt IV

CoNSTRUCTABILITY DRIVES STRUCTURAL DESIGN AT FORD FIELD
By David I. Ruby, PE., S.E., SECB and Brian M. Volpe, PE., S.E.

house columns were not capable of supporting
any portion of the stadium roof, and the four
levels of suites located within the renovated ware-
house made a forest of new columns to support
the roof unacceptable. The design team degided

to support the $00I trusdes
on eight colum! ¢
elements G@nsisted

This article is the fourth in a series on Constructability. In the first
three of the series, Constructability was defined and the stages of
Constructability outlined. The impact of integrating this philosophy
at various stages of design was examined — at the bid stage and
during planning and conceptual design (when it can be maximized).
This article focuses on the application of
Constructability ro solve tough challenges that
required resolution during the construction of
Ford Field, home of the Detroit Lions.

Overview
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end of the building. The

knowledge and experience into the design
process; thus enhancing the decision matri
encouraging questions such as ©
the site constraints?”; Are the fg
struction constraints compa?
material availabili
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cept?”: “Is olumns supporting
the proper  the A-trusse e 16 foot square steel

lattice erdse nts rising approximately 76
@. treme ends of the facility. While this
grSolution addressed the structural needs

the massive building roof, the two 16-foot
dquare steel lattice columns presented several
constructability issues:

* The size of the lattice columns prohibited
shop assembly of the lattice trussed
elements. The lattice columns would have

In fact, ¢t
magnitud,

case scenario — even though this condition exists only briefly during to be fabricated as individual pieces, shipped

construction. In addition, material availability, availability of skilled and sub-assembled on site.

labor, preferred regional practice and construction sequencing also * The number of members, installation

play a major role in the overall project cost and schedule. All of these tolerances and the complexity of the

elements populate the decision matrix and must be considered to connection details would make field

provide an effective, efficient structural solution. assembly very costly and unpredictable.
Ruby+Associates has performed a number of Pre-Construction continued on next page

Constructability Reviews on major stadiums and arenas. Smith
Group (Ford Field Architect / Engineer of Record) retained
Ruby to perform a Constructability review of the 35 percent
completion documents (12 months prior to bid). During this
review, recommendations were developed that drove the final
design and construction of two main elements of Ford Field:

* The SuperColumns

* The roof truss system

Later, Ruby became involved in the development of the
strand-jack lift procedure for lifting the roof structure. The
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following describes the challenges and the solutions that were 4 S S S S NSy
developed for each of these elements. W INCIN AVAAVAN \ N
The Super Columns g S I T N L T

This $500 million facility sits on 25 acres and includes over
1.8 million square feet of stadium and leased space. As in most

covered stadiums, the support of the roof system must be invis-
ible. In this particular case, the existing Hudson warehouse was Figure 1 Altemate shoring plan of roof truss system.
to be incorporated in the finished facility. The existing ware-
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Figure 2: Truss sub-assemblies - left to right - A trusses, B Trusses, Bridging Trusses

* The stability of a 16-foot square lattice column during the
months of construction and subsequent jacking of the roof truss

‘was a concern.

* Temporary bracing for the 16-foot square lattice column would
limit access and crane movement within the construction site.
* Foundation installation, project schedule constraints and site. g\\’\
access would likely delay the installation of the 16- foog;&?&
ted

lattice columns until the foundation installation was c

Given these challenges, Ruby+Associates recommended th
SuperColumns be redesigned using cast-in-place concrete constr
Concrete could be placed in concert with the deep
tion, and the resulting SuperColumns would i
to accommodate the construction of the rem

nents of the stadium roof.

Originally, {the roof box truss top
and bottom &Hord assemblies ranged
from 16 feet square, wider

than most elements can be shipped
economically; therefore costly field
assembly would be required. In ad-
dition, limited site assembly area
would negatively impact the field
assembly cost. Ruby recommended
reducing the truss chord assemblies to
approximately 14 feet, which would
allow shop sub-assembly of chords,
greatly reducing shipping costs and
eliminating the need for complete
field assembly of the truss box chord.
This solution reduced field man-
hours requirements and simplified
the final installation scheme.

While the original plan was to
ship the 12.5 x 12.5 foot box
trusses in assemblies down the
St. Lawrence Seaway, the project
schedule dictated that 90 percent
of the major steel erection occur
October thru February, when
the seaway was frozen. The steel
was therefore shipped via truck.
Because Highway 401 could not
accommodate the wheel loading
required for the assemblies, the
truss elements had to be broken

down before they were shipped.

Construction of the Roof Truss System

How should the massive roof truss system be constructed to
balance fabrication/erection efficiency, minimize temporary shoring,
optimize the sub-assembly and final assembly process, and maximize
job-site safety?

Erection of the roof truss system was a massive undertaking. The

original design concept was based on the roof being built on 76, 10- to
12-foot square shoring towers, up to 125 feet tall (Figure 1, page 29).
Each shoring tower would be guyed for stability and would require a
jacking head to simultaneously lower the roof system upon completion.

ing towers were removed.
schedule and construction sequenc-
ch was very complicated, near impossible and definitely
Associates developed ternate installation schemes
sal stages and work@he successful steel contrac-
teelcon/SCI of Kalamazoo, Michigan, in preparing the concepts:
* Alternative: ontal ground assembly — tip up to
vertical —Jff. Underdthis alternative, the tail sections of the roof
truss8s wo installed using permanent framing and temporary
t e final elevation. The main sections of the roof trusses
ould be assembled on the ground, in the horizontal position (14
feet tall) then rotated to vertical (90 feet tall). Lateral framing,
roof joists and one-third of the metal roof deck would be installed.
Then, the 2,700 ton roof structure would be lifted into place
and connected to the tail sections.
o 2™ Alternative: Vertical ground assembly — lift. The second
alternative (the concept used) followed the above procedure,
except the ground assembly of the roof trusses was performed
in the vertical position on low temporary shores. Although the
erection had to accommodate the 90 foot tall truss, this
alternative was more desirable because it reduced the amount
of space required to construct the roof lift assembly, and it
eliminated the need to tip the completed framed truss.

tor,

o

Engineering Erection and Lift Plan

The Ford Field roof structure consists of four main north/south long
span roof trusses, connected by east/west bridging trusses and super long-
span joists. This framing encompasses an area approximately 630-feet
long by 540-feet wide which covers the playing field, the lower seating
bowl, the north/south upper seating areas and the luxury boxes.

Phase 1 ~ Tail
Sections

.

~ Super
Column

Phase 2 ~ Ground —
Assembly

Figure 3: Alternate lift plan for roof truss system
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One pair of self-aligning lift hitches was designed to suit eight
different truss configurations. The truss tail sections and bridg-
ing trusses were erected on a combination of permanent con-
crete construction and high capacity temporary shoring towers.
The completion of Phase 1 involved assembly and erection of
in-fill Joist Modules between the A and B truss tail sections.

Phase 2 involved the ground assembly of the re-maining
450-foot long sections of the A and B Trusses in@ vertical

strand jacks, connected to f
the 2,700-ton roof assemblic

Figure 4: Erection simulations — Phase 1

A
The Engineered Erection and Lift Plan for the eight-acre 66@*&%\31&
was divided into two phases:

* Phase 1: conventional steel erection: planning and
engineering, site logistics, shoring design, rigging
design, multi-stage truss sub-assembly and tip-up
analysis, crane positioning and individual membe
sub-assembly and partial truss stability analysis.
Phase 2: heavy lift engineering:

R SECTIONS

TOM BUILT

THE HIGHEST STANDARDS.

and to meet the 26-month construction schedule.

Truss sub-assemblies

Truss sub-assemblies are illustrated in Figure 2. The A
and B Trusses are constructed with boxed truss top and
bottom chords connected with plane frame vertical and
diagonal web members. The A Truss is supported by a set
of pot bearings located on top of an 18-foot diameter by
76-foot tall SuperColumn at the south, and a slide bearing
assembly fixed to the concrete frame at the north end. The
B Truss is seated on a pot bearing on a 6-foot square con-
crete Junior column at the south end and a slide bearing
assembly on the north.

Phase 1 of the erection/lift plan involved the assembly
and erection of the north and south ends (tail sections)
of each A and B Truss and their connecting Bridging
Trusses (Figure 3 —Truss A south tail is supported by the
SuperColumn and S1; Truss B south tail is supported by the
Junior column and S2; while the north tail of both trusses
is supported by S3 and the permanent slide bearing). The
tip-up concept often used by pre-cast concrete erectors
was combined with heavy rigging expertise during this
sub-assembly construction. Truss assemblies weighing
up to 300 tons were built horizontally to limit the work
elevations to 18-feet above grade. A total of 17 truss
sections were ground assembled in the horizontal position
and rotated to their vertical orientation.

SuperStruct tubular sections hold up to the strictest
design standards without holding them back.

e Manufactured in a variety of shapes and sizes to
your specifications

Large sizes from 12” up to 48” squares and rectangles
Lengths up to 55’

Wall thickness 5/16” to 1”

Excellent column strength and torsional properties
Aesthetically appealing

valmont
TUBING

800-825-6668 * www.valmont.com e Valley, Nebraska
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Contact Jeff Simons at Valmont Tubing toll-free at 1-800-825-6668 ext. 3811 or
jis4@valmont.com to learn more on the design possibilities of HSS SuperStruct.
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operations were a carefully choreographed sequence
of events engineered to safely and permanently
transfer the 2,700-ton roof truss panel loads from
the strand jack/shoring tower support system to the
long span roof truss structure.

Erection Simulation

Ruby prepared several 3-D models to simulate
the installation of the initial tail sections and gutter
trusses. These models were used by the contractor to
establish crane positioning, determine boom length,
minimize crane movement, verify lift clearances
and develop the proper rigging dimensions. Figure
4 (page 31) depicts the setting of the first gutter
truss between truss A and B tail sections. The crane,
a Manitowoc 888 ringer with a 250-foot boom and
1.4 million pounds of counterweight, was installed
on a double layer of 12-inch thick crane mats
over 12 to 24 inches of compacted stone in order
to distribute the 3 million pounds of crane and
counterweight. It should be easy to understand why
minimizing the movement of the 888 ringer was a
top. priority To minimize the required ope

of shoring towers required to construct the roof from 76
to 8. Eight high capacity shoring towers were designed with provisions

for vertical and horizontal position adjustment to ac-
commodate fabrication and erection tolerances and
thermal effects during installation of the structure.
The tail sections of the trusses, along with the shor-
ing towers, served as the supporting structure for the
strand jack equipment. The erected Phase 1 steel
was in essence used as the lift platform support for
the Phase 2 heavy-lift operation (Fz'gure@. Safely
moving 2,700 tons of steel from gro elevation
ament to the
application.

function in a manner consistent
1 design approach, Ruby+Associates
performed™a six- -stage, 3- D computer study of the
truss behavior usin rposmon to sum the effects
of each stage of ion. The team then shifted

e equired to safely sustain the
uce durmg the erection process. This
n in-depth review of specific truss member

ortes for each stage to evaluate stress reversals and/
or overstress conditions. Through this engineering
effort, 76 members were revised, reinforced or braced
to carry forces associated with the lift procedure. This
is one of the primary benefits of Constructability —

the philosophy demands that design consider forces that will impact the
structure during its entire lifetime — even while it is being built.»

Design/Buiild Team
Erection Engineer — Ruby + Associates, PC.
General Contractor — Hunt/Jenkins
Architect / Engineer of Record — Smith Group
Structural Engineer of Record — Thornton-Tomaserti
Steel Erector — SCI/Steelcon
Steel Fabricator — ADF Group
Lift Equipment/Operation — John Gibson Projects

Figure 5: Strand Jack Heavy Lift Technology.

David I. Ruby, PE., S.E., SECB, EASCE, is a Principal with Ruby +
Associates PC, in Farmington Hills, Michigan. Mr. Ruby specializes in

steel designs that speed and ease constructability. David can be reached
via email at druby@rubyusa.com.

Brian M. Volpe, PE., S.E., has over ten years of experience in structural
steel detailing and structural engineering. Currently, he is leading the
development of evection procedures for aviation facilities in Flovida and
Tennessee. Mr. Volpe has contributed to several signature projects for
Ruby, providing lift engineering support for the Ford Field roof lift, the
largest lift in North America at that time. Brian can be reached via
email at bvolpe@rubyusa.com.
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