What Would
Jefferson Do?

BY SETH ROGGE, PE.

Adding modern-day analysis to a classical design yields a light and airy atrium.

IF THOMAS JEFFERSON were alive today, would he take advan-
tage of modern-day engineering and finite element analysis to
redesign his classic Virginia plantation? Would he be concerned
about environmental impact by designing to LEED Gold sustain-
ability with more than 70% open views and a reclaimed water sys-
tem? That is exactly what the design team was tasked with when
creating the new headquarters for the National Rural Utlities
Cooperative Finance Corporation (NRUCFC) near the regions
where Jefferson spent all but a few years of his entire life.

Located in Northern Virginia near the nation’s capital, the new
headquarters is situated on a 42-acre campus. The three-story office
building features a gym, catering kitchen, business center, and larger
conference rooms for a total of 120,000 sq. ft. A typical box-shaped
office building easily could have served the owner’s needs. However,
it certainly wouldn’t have conveyed the eye catching vision and warm
openness for which the owner was looking.

The building consists of two separate wings that are identical
in geometry and mirror images of each other. Tying the two wings
together is a 100-ft-diameter dome, the unmistakable focal point
of the structure.

The orientation of the atrium and the splaying of the buildings
wings due west was no coincidence. The building’s architecture
mimics Jefferson’s home, Monticello, which also is oriented west.
The original Monticello dome was around 30 ft in diameter; which
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was a big deal back in the 1800s. To create a far more impressive
structure, current engineering analysis and 3D modeling were
used to create a dome more than three times the original size.
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A Renderings (including the image at the top of the page) of the
new NRUCFC headquarters which mimics Thomas Jefferson'’s
Virginia home, Monticello.
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A One of the tapered trusses being lifted into position.

Revising Traditional Workflow

Traditionally, a project such as this begins with the engineer
creating his models in the analysis software. Depending on the
complexity of the job, numerous models may need to be invoked.
Once the analysis is completed, redline markups usually follow for
the drafter.

On the NRUCFC project, invoking a fully integrated approach
within REVIT reversed this workflow process. The goal was
to have one model serve two purposes. By implementing a
bi-directional link from the analysis software, ETABS, to REVIT
Structure, required starting the model with preliminary member
sizes and locations within REVIT. The member sizes, materials,
and loads were assigned in REVIT. An internal mapping file was
used to help associate the REVIT frame attributes to the ETABS
section database.

As changes and modifications to the structure occurred dur-
ing the design phase, the implementation of the bi-directional link
from REVIT Structure to ETABS allowed for ease of review and
coordination. By updating the changes once in REVIT and using
the bi-directional link, the ETABS model was updated shortly
thereafter. The analysis in ETABS was run, reviewed, and then
linked back into REVIT Structure with any changes.

Dome Design

To reinforce the feeling of spaciousness, the three-story atrium
was created using tapered curving HSS truss sections. These par-
tially exposed HSS truss members were used to fashion an elegant
and sleek look to the dome structure. At the apex of the dome, a
24-ft oculus glass opening was designed to allow natural light to
flood the atrium below. Bracing several of the dome columns, a
cantilevered walkway from one wing of the building to the other
was utilized. The added weight and stiffness of the framing for the
walkways helped counterbalance the weight from the dome steel as
well as support the dome columns.

The dome was created using a perimeter of 24 wide-flange col-
umns, spaced every 15 degrees around the dome. The top and bot-
tom chords of the truss were HSS8x8x% and the web members were
HSS4x4xV4. The dome’s profile and curvature play an important
aesthetic role in the building. The dome trusses are visible not only
from inside the building, but from outside as well. The HSS trusses
taper upward to create the dramatic open feeling at the top of the
atrium. Keeping the top chords constant, the bottom chords taper
from an outside truss height dimension of 5 ft 6 in. to the inside truss
height dimension of 3 ft.

A Looking up at the compression rings of the dome.

Y Looking west from the third floor toward the dome. The verti-
cal members at the outside end of the trusses splice directly to
wide-flange columns set every 15 degrees.

A The completed dome framework, with roof decking installed
and the temporary support removed.

Seth Rogge, PE., is a project
manager at SK&A. He also
serves as the firm’s director of
Building Information Modeling.
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The depth to span ratio for the dome
is 1:4. Creating the 24-ft-diameter open-
ing for the oculus glass required top and
bottom compression rings. These rings
are continuous HSS8x8%% members that
carry the weight of the truss as well as the
weight of the glass. Holding these rings
together are vertical HSS8x8x% members.
As the rings undergo large compression
forces, the trusses transfer the load back to
the supporting perimeter columns. These
columns then undergo large tension forces
exerted by the trusses pushing outward. To
resist these forces, the columns are joined
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together at the top and bottom of the truss
by HSS6x6x% tension members. These
members help stabilize the dome by resist-
ing the outward push.

Dome Connection

The connections for NRUCFC were
designed by SteelFab using structural con-
nection design software that was developed
by its in-house staff of licensed profes-
sional engineers. The HSS dome truss was
designed per AISC 360-05, Section K2,
with directly welded connections, mainly
due to the aesthetic considerations for the

architecturally exposed structural steel. All
of the HSS truss members were sized such
that the limit states of chord plastification
and shear yielding (punching) do not con-
trol; therefore chord reinforcement was not
required. Considering eccentricity in the
joint configurations helped to economize
the connections by allowing single bevel
cuts for all branches and no overlapped
joints. The branch connections were pri-
marily made with fillet welds, with partial
joint penetration groove welds used as well
for the diagonal members.

Using CJP welds with HSS members can
be challenging, as the preparation and fit-up
are more demanding. Therefore CJP welds
were used only for the critical joints, such
as field splicing the compression ring, which
had been fabricated as separate rolled HSS
members, and the chord to compression
ring connections. The CJP weld was accom-
plished by providing a %:-in. backing plate
cut to fit within the inside profile of the HSS
member. The plate was recessed % in. inside
the HSS member, allowing for %-in. back-
ing at the joint root opening. A typical HSS
truss chord to compression ring connection
is shown below, followed by a typical com-
pression ring splice connection.
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1. HSS workline shall be shifted up as shown to allow for alignment of top

and bottom flanges with HSS rings. This will allow for all-around CJP
weld, as shown on the structural drawings.

A The connection detail for the
chord connections.

Y The connection detail for the
compression ring field splice.
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A The third floor framing plan for NRUCFC showing the plan A The added weight of the cantilevered bridges connecting the two

layout of the bridge.

wings helps brace the columns supporting the dome and counter-
balances the weight of the truss dome.

Construction

Sequencing and erection also served as
a challenge. With its unique shape and dif-
ficult location in the building, each truss
member was fabricated in the shop. For
ease of erection, the columns were spliced
below the trusses. That allowed the trusses
to be connected to the columns at the shop.
Each truss was then erected and welded to
the supporting column below.

Temporary shoring was erected at the
center of the dome to support and carry
the weight of each truss until final connec-
tions could be made. Erecting the entire
truss on the ground and hoisting it up was
not an option due to limited access for
the crane. Once the shoring was in place
and temporary connections were made to
the truss, the bridge connecting each side
of the building was erected. The added
weight of the cantilevered bridge not only
helped brace the columns supporting the
dome, it also counterbalanced the weight
of the truss. With the dead weight of the
bridge offsetting the weight of the truss, it
was important to allow the truss to deflect
and the columns to rotate until the bridge
was in place. Once completed, temporary
connections were removed and permanent
welded connections were made. Scaffolding
was then cut down piece by piece, removed,
and the building was ready to be enclosed.

The structure is expected to be com-
pleted in July 2011. Even though the
project did not employ Jeffersonian
design or construction techniques, the
gentleman from Virginia no doubt would
have been pleased to have NRUCFC
join the neighborhood. msc

Owner Structural Engineer

National Rural Utilities Cooperative Smislova, Kehnemui & Associates, PA,
Finance Corporation, Herndon, Va. Potomac, Md. (AISC Member)
Architect Steel Fabricator and Erector

Kishimoto Gordon Dalaya, Rosslyn, Va. SteelFab of Virginia, Inc., Emporia, Va.
(AISC Member)

Structural Software
REVIT, ETABS
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