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ABSTRACT

The ANL-W WIPP Waste Facility Enhancement Project required
substantial remodeling and upgrades to the Hot Fuels Examination Facility
(HFEF) building, including the Hot and Suspect Repair Area (HSRA).

The HSRA is an enclosed single-storied area inside the HFEF. It is
separated into several compartments, some of which are used for handling
radioactive materials. The HSRA roof consists of 18 GA steel Robertson
Q decking with l.S in. concrete topping, and is utilized for storage.
Braced steel frames support the HSRA roof, except at the north side,
where the stesl beams are connected to the HFEF columns. The HSRA
has hollow block masonry perimeter and interior walls.

Seismic evaluations concluded that the HSRA did not have a competent
seismic force resisting system. The structure was upgraded by decoupling
it from the HFEF framing for N/S motions, modifying two existing braced
frames, adding a new braced frame that can be removed temporarily during
maintenance and strengthening the roof diaphragm by a unique
modification consisting of special epoxy grout and steel plates installed
over the existing concrete roof.
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INTRODUCTION

Argonne National Laboratory - West (ANL-W)
is located at the DOE Idaho National
Engineering Laboratory near Idaho Falls, Idaho.
In preparation for the WIPP Waste Facility
Enhancement Project, AN-W engaged Advanced
Engineering Consultants (AEQ to support the
effort for substantial remodeling and upgrades to
the Hot Fuels Examination Facility (HFEF)
building, including the Hot and Suspect Repair
Area (HSRA). The HFEF, which houses the
HSRA, consists of a 112 ft x 154 ft x 46 ft high
concrete structure. The top floor of the HFEF
supports a 62 ft x 154 ft x 53 ft high braced
frame steel High Bay, and the HSRA. The
HFEF is founded on spread footings on rock,
and the concrete portion is substantially stiffer
than the steel High Bay.

The HSRA is an enclosed single-storied area
located inside the HFEF High Bay, (Fig. 1,2 &
32). It is approximately 44 ft x 65 ft in plan
and 21 ft high, and is separated into several
compartments, some of which arc used to handle
radioactive materials. The HSRA roof is
utilized for storage, and is posted for a
maximum load of 100 psf.

The HSRA roof consists of 18 GA Robertson Q
steel decking with a 1.5 in. concrete topping.
The roof is supported by X-braced steel frames
(Fig. 3) supported on the top floor of the HFEF,
except at the north side, where the steel beams
are connected to the Hiffh Bay columns. The
HSRA has 6 in. hollow block masonry perimeter
and interior walls reinforced by #4 vertical bars
spaced at 32 in. The masonry walls have
nominal horizontal reinforcing mesh in the
mortar joints at 16 in. intervals.

Horizontal seismic inertial loads of the HSRA
roof and walls will first be resisted by in-plane
shear in the block masonry walls because they
are much stiffer than the braced steel frames.
Shear capacity of the walls is controlled by the

mortar strength between the masonry units. The
moment capacity is that of a single grout filled
masonry chamber containing one #4 bar, and
spanning 20.5 ft between the roof and floor of
the HSRA. Capacity calculations show the
walls to be overstressed in out-of-plane moments
by large margins for seismic loads. The walls
are expected to fail at low seismic levels leaving
the steel frames to carry the lateral seismic
loads.

SEISMIC ANALYSES OF
EXISTING STRUCTURE

A 3-Dimensional finite element model of the
HFEF building, including the HSRA area, was
developed to obtain gravity and seismic forces.
The metal deck roof of the HSRA was modeled
as 4-node, quadrilateral plane stress elements.
Steel beams and columns were modeled by 3-D
beam elements. Cross-bracing were modeled as
truss elements. The stiffness of the concrete
block masonry walls was not included in the
model. However, the weight of these walls was
included as lumped masses at the relevant nodes
on a tributary area basis. The self weight of
different HSRA structural elements, Including
100 psf load on the roof, was lumped at nodes
on a tributary area basis. The HSRA roof model
was coupled to that of the HFEF High Bay
along the north side of the HSRA.

The effects of the supporting soil/rock medium
were considered in the SSI analyses by
incorporating frequency-dependent lumped
impedance functions of the rock. The
impedance functions were calculated assuming
the basalt rock to be an elastic, uniform half*
space, and the basemat to be a rigid disk of
equivalent area, glued to the basalt rock.

Three components of soil/rock interface time-
histories for the seismic analyses, were obtained
from free-field deconvoluu'on analysis of rock
outcrop motions. Three sets of acceleration time
histories, corresponding to the best estimate,
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upper and lower bound soil profiles, were
developed. The envelope of the spectra from
the three soil cases envelops the 60% design
spectrum, satisfying USNRC Standard Review
Plan recommendations [1].

SSI analysis was performed for each soil profile
using the corresponding 3-component soil/rock
interface motions applied simultaneously. The
results obtained from the SSI analyses were the
maximum forces and moments in each structural
element of the HSRA.

STRUCTURAL EVALUATION
OF EXISTING STRUCTURE

Seismic structural evaluation of the HSRA was
performed per UCRL-15910 [2] load
combinations. Structural capacities of HSRA
steel members were calculated in accordance
with the AISC manual, and of the R/C roof
diaphragm per ACI 349 [4]. Demand/capacity
ratios (D/C) for different structural members
were computed. The acceptance criterion was
that the D/C for each member should be equal
to 1.0 or less for maximum demand from gravity
plus seismic loads.

This evaluation concluded that the existing
HSRA lateral load resisting system did not meet
the acceptance criteria for the combination of
gravity and seismic loads. The braces in N/S
direction frames had D/C of as high as 2.67.
while braces in E/W direction frames had D/C
of less than one. Anchor bolts for all the HSRA
braced frames had D/C larger than 1.0. The
roof has many openings and was found to be
overstressed for in-plane shear. The connections
of the roof to the braced steel frames were
inadequate to transfer roof lateral forces to the
frames.

SEISMIC RETROFIT CONCEPTS

Seismic response of the HSRA from the SSI
analyses was studied for guidance in developing

seismic upgrade schemes. This evaluation
showed that HSRA natural frequencies of
vibration are well separated from those of the
concrete and steel frame portions of the HFEF.
Thus, HSRA seismic upgrades are not expected
to modify the seismic behavior of the HFEF.

The existing HSRA structure seismic response is
characterized by significant torsion. The
principal cause of this torsional response it the
asymmetry of the N/S and E/W lateral force
resisting system. The HSRA E/W lateral forces
are resisted by the steel frame of the HFEF
supporting the north edge of the roof, and the
more flexible B-1 and B-2 frames supporting the
east edge of the roof (Fig. 3). N/S lateral forces
are resisted by three frames, two of which (B-4
and B-5) are located on the east side i f the
HSRA. The evaluation also showed that the
HSRA was transferring significant lateral N/S
forces to the High Bay columns, which were
causing overstresses in the column anchor bolts.

Discussions with ANL-W staff identified that
access for performing upgrades was not
practicable in much of the west wing of die
HSRA due to contamination. Upgrades that
would puncture the shielding perimeter in these
areas, and/or cause contaminants to be set loose
and become airborne, also had to be kept to a
minimum. Assessment of the upgrade options
led to the following conceptual upgrade scheme:

1. Strengthen the HSRA roof and positively
connect it to the frames such that it will
act as a diaphragm to carry the roof
inertial forces to the lateral force
resisting system at the edges of the
HSRA structure.

2. Add a new N/S braced frame (Rl, in
Fig. 4) at the soudiwest comer of the
HSRA that is clear of the existing pipes
and conduits on the masonry block wall,
and connect that frame to the roof. The
frame will be detailed such that it cm be
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4.

disassembled, as necessary for
maintenance of attachments on the block
wall, and then reassembled.

Strengthen, as necessary, braced frames
R2 and RF at the southeast corner of the
HSRA (Fig. 4), connect them positively
to the roof diaphragm and add sufficient
anchor bolts to resist uplift.

Decouple the roof from the main High
Bay columns for N/S motions at columns
B-3 and B-4.

This upgrade concept ensured that HSRA
seismic responses would not overstress HFEF
columns, that the HSRA roof would maintain
structural integrity and functionality, and that the
HSRA seismic force resisting system could carry
the roof inertia! forces. This concept did not
upgrade the perimeter block walls.

UPGRADE DESIGN

The structural members of the upgrade scheme,
described above, were sized using load estimates
from the seismic analysis results. The upgrade
design is described below:

Roof: Upgrading the roof proved to be the most
challenging task of this project Traditional
approaches to strengthening a roof diaphragm by
adding reinforcing steel and a new layer of
concrete over the top of the existing roof was
not practicable for this project. This is because
pumping concrete to the roof would have
required penetrating the outside perimeter of the
HFEF building, which utilizes negative pressure
for containment, Furthermore, the pattern of
roof openings (Fig. 4) made it difficult to
reinforce the roof sufficiently to transfer shears
around these openings. These problems were
resolved by a unique strengthening procedure
(Fig. 5), which combined chemical bonding and
mechanical interlock to create a composite

concrete, epoxy grout and steel plate roof
diaphragm.

Initially, the surface of the existing concrete roof
was roughened. Then, 3/8 in. x 3 in. steel ribi
were placed at approximately 8 ft intervals
(creating a grid over the roof), and are attached
to the existing roof concrete by epoxy adhesive!
and 1/4 in. HILTI KWIK bolts. Panels of 1/4
in. thick steel plates were then welded to the top
of these steel ribs. Special epoxy cement grouts
were pressure pumped in the gap between the
steel plates and the existing concrete through
holes in the steel plates. Manufacturer specs
confirmed that this compound would bind to the
existing concrete and also to the steel plate.
Steel ribs were also placed around all the
openings in the roof decking and connected to
the steel frames below. The 1/4 in. steel plates
and steel ribs were evaluated for seismic
stresses, and for shear and compression
buckling.

The seismic inertial loads in the existing
concrete roof are transferred to the n.'w grout
layer through interlock over the roughened
surface and chemical bonding. The new grout
layer transfers die in-plane seismic forces
through bearing on the steel ribs and through
chemical bonding to the plate. Calculations
show that either of these mechanisms can
transfer the full seismic load. The steel ribs
transfer the horizontal seismic loads to the plates
across the welds on the edges of the 1/4 in.
plates. The plates transfer the loads to the
braced steel frames through bolted connections.

Decoupling Roof from Main Columns for N/S
Motions: The existing concrete metal roof deck,
in contact with columns B-3 and B-4, was saw-
cut 2 in. clear of the columns. The new 1/4 in.
thick steel roof plates are also 2 in. clear of the
columns. The existing N/S HSRA roof beam
was cut 2 in. from column B-3. Existing angle
bracket and bolts connecting the web of the
beam to the flange of the column were removed.
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A new 1/2 in. thick seat for the beam was
welded to the flange of the column and
connected to the bottom flange of the beam by
two 3/4 in. diameter anchor bolts placed in 1-1/4
in. slotted holes.

Braced Frame Rl: A new N/S braced frame
was designed to be 2 ft away from the existing
masonry block wall in order to clear the piping
and conduits on the wall. The frame has two
bays of 12 ft each and is 20 ft 7 in. high. Each
column is anchored to the floor with four flush-
mount 1*1/4 in. diameter Maxi bolts. The new
HSRA roof 1/4 in. horizontal plates were
extended beyond the perimeter walls and
connected to frame Rl. Bolted connections
throughout this frame allow it to be
disassembled, and reassembled later as
necessary.

Braced Frames RF & R2: Frames RF and Rl
replaced existing frames B-5 and B-2,
respectively (Fig. 3 & 4). Existing single angle
cross-braces in both frames were removed and
replaced by double angles, base plates were
enlarged and stiffened and new HDLTI HVA
bolts added to resist uplift Frame R2 was also
extended S.3 ft and made into a bay frame to
increase its lateral force, and uplift capacity.
The extended bay was braced by a tension-
compression strut.

The stiffness and mass of the upgraded members
were incorporated in the static and dynamic
models. These models were reanalyzed to
obtain new demand seismic and gravity forces.
The new demand loads were combined and the
members were evaluated to finalize the upgrade
sizes and connection details.

HSRA SEISMIC UPGRADES •
CONSTRUCTION HIGHLIGHTS

After the analyses and upgrade recommendations
prepared by AEC were reviewed and approved
by ANL-W, the upgrade recommendations were

incorporated as part of the construction drawings
and specifications for the WIPP Waste Facility
Enhancement bid package. The construction
contract was awarded to Ovard Construction
who submitted a low bid of approximately
S850K. Construction began in August 1992 and
was completed in September 1993.

Overall, the construction phase of the project
went well. Following are brief descriptions of
the main problems encountered. Many of these
problems are typical of problems encountered
when an existing facility is modified.

Anchor Bolt Installation: Since the design
called for many new anchor bolts to be installed
in the existing concrete, a rebar locator was used
to help determine where the holes could be
drilled without hitting reinforcing ban. This
was not always successful, and lome holes had
to be relocated when rebar was encountered.
Some base plates required modification to fit the
new bolt locations.

Frame Rl: Installation of removable frame Rl
found it necessary to locate the south column 16
in. further north than originally planned, to
prevent blocking a cell access port This in turn
required modification of the diagonal bracing
members. A small electrical transformer, which
interfered with one of the north diagonal braces,
was also relocated.

Frames R2 <fe RF: The new tension-compression
diagonal brace in frame R2 was changed from a
double angle to a structural tube, due to a pipe
interference. The connection on the west side of
frame RF, where the diagonal brace connects
tothc top of the existing column, was changed
from a bolted connection to a welded connection
since the gusset plate required modification to
prevent interference with an existing cable tray.

Roof Plate Installation: The most significant
construction problems associated with the
seismic upgrades were encountered during
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installation of the roof plate, During
scarification of the concrete, the welded wire
fabric was exposed in some places and [1]
numerous cracks in the concrete were also
discovered. The concrete surface was not level
which made it difficult to use the liquid epoxy [2]
adhesive to bond the 3 in. steel bars to the
concrete. A paste adhesive was used which
worked somewhat better; however, the bond
would brake if too much heat was applied to the
bar during welding. Skip welds were used to [3]
solve that problem. The grout was placed
between the concrete and plate using a pressure
of approximately 10 psi. Additional cutting and [4]
fitting of the plates was required.
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Figure 1 Plan or HFEF Operating
Floor and HSRA Figure 2 Elevation of HFEF and HSRA
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