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ABSTRACT

The Department of Energy - Field Office Oak Ridge (OOE-OR)
is performing natural phenomena evaluations of existing
office buildings located in the city of Oak Ridge, Tennessee.
The natural phenomena considered are earthquake, wind, and
flood. The evaluations are being performed to determine if
the facilities are in compliance with DOE General Design
Criteria 6430.1A. This paper presents results of the evalu-
ations for three of the office buildings.

INTRODUCTION

The issuance of the Department of
Energy (DOE) 6430.1A, General Design
Criteria [1] and UCRL-15910, Design and
Evaluation Guidelines for Department of
Energy Facilities Subjected to Natural
Phenomena Hazards [2], and the occurrence
of the Loma Prieta, California earthquake
of October 17, 1989 has increased the
awareness of seismic safety concerns at
DOE-OR and its facilities. As a result,
the DOE-OR has initiated natural
phenomena evaluations of facilities
housing full-time Federal personnel not
only in Oak Ridge, Tennessee, but also at
the plants located in Paducah, Kentucky;
Portsmouth, Ohio; and Fernald, Ohio. The
evaluations described in the current
paper were done on buildings located in
the City of Oak Ridge and not at one of
the five (5) plants. This work is being
performed on facilities that have a Usage
Category [2] classification of either
GENERAL USE OR IMPORTANT OR LOW HAZARD,
and not on higher level classification
type buildings, i.e., this process has
not been performed on the major plant
operational facilities that deal with
uranium, plutonium, etc.

The main purposes of these
evaluations are to identify probable life
safety structural and non-structural
hazards and consequent building damage,
and if necessary, determine design fixes
to ensure the life safety of the occupants
of the buildings. For some of these
facilities, the effects on continued
operations are also being considered.

The natural phenomena which are being
considered are earthquake, wind, and
flood. The Oak Ridge facilities presently
being evaluated (or which have undergone
part of this process) are the Buildings
2714 and 2715, the Turnpike building (also
known as the Former Museum), the Federal
Office Building (FOB), the Downtown
Concourse, and the Office of Scientific
and Technical Information (OSTI).
Buildings 2714, 2715, and the Turnpike
Building have undergone both a Phase I and
Phase II assessments under the control of
DOE-OR and are the subject of this paper.
The FOB underwent a Phase I assessment
under DOE-OR guidance, but the Phase II
and III are being addressed by GSA, the
building owner. A Phase I assessment has
been performed for (1) the Administration
Building complex (C-100, C-101, and C-102)
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at the Paducah Gaseous Diffusion Plant,
(2) the Administration and the Human
Resources Buildings at the Fernald Plant,
and (3) the Administration Building (X-
100) at the Portsmouth Gaseous Diffusion
Plant.

EVALUATION METHODOLOGY

The evaluation of the office
buildings is generally being performed in
three phases. These phases are:

o Phase I - Life Safety Seismic
Assessment

o Phase II - Detailed Natural
Phenomena Assessment

o Phase III - Conceptual Remedial
Designs and Costs

The Phase I assessment was performed
using the Federal guidelines described in
NISTR 89-4062, ICSSC RP-3 [3]. These
guidelines refer to suggested procedures
in Applied Technology Council (ATC)-14
[4] and ATC-22 [5]. Since DOE 6430.1A
references the seismic provisions in the
latest Uniform Building Code (UBC) and
ATC-14 is based on the procedures in the
UBC, the ATC-14 is used as the primary
evaluation document in Phase I. The
purpose of Phase I is to perform a quick
seismic assessment to determine if
further detailed seismic studies are
needed.

The Phase II assessment is based on
the DOE 6430.1A criteria using the
guidelines, techniques, and references
defined in UCRL-15910. UCRL-15910
defines the facility-use categories of
DOE facilities, and based on the specific
facility use-category provides the hazard
levels for the earthquake, wind, and
flood events to be used for evaluation.

Phase II consists of a detailed
walkdown and review of existing design
documents. Calculations are performed to
determine the existing capacity with
respect to the required demand defined in
UCRL-15910 considering the remaining life
of the facility. The results of this
phase identifies the structures and its

non-structural components which are not in
compliance with UCRL-15910.

The Phase III work is directed toward
correction of the identified existing
deficiencies. For these deficiencies,
conceptual designs and their associated
costs to address life safety issues and
some operations are determined. The
designs and costs are categorized
according to priority and most benefit
gained.

DESCRIPTION OF STRUCTURES

BUILDING 2714 COMPLEX
Figure 1 is a typical photograph of

the exterior of the Building 2714 complex.
Review of the engineering records indicate
that the complex was originally
constructed as six separate structures
connected by enclosed walkways. The two
western most structures have been
demolished. The general layout of the
four remaining buildings and their
connectors are shown in Figure 4.

The four original structures are each
168' - 9" by 52' - 4". Units F, G, and H
each have office extensions to the north.
These extensions are 50' - 9" by 36' - 2".
The extensions originally provided office
space to accompany the laboratories in the
larger buildings. The extensions were
constructed at the same time as the
laboratory portion of the buildings. Unit
J does not include the office extension.

The construction of the four
buildings is very similar. Apparently,
the construction was executed from
individual plan drawings that referenced
typical details. The buildings are
covered by asphalt composition shingles
laid over straight plank sheathing. The
sheathing is typically l-by-6 decking;
however, some of the roofs contain l-by-8
decking. The wood decking is supported by
wood trusses at 2 ft. centers. The wood
trusses span east-west between the
exterior clay tile load bearing walls.
The clay tile walls are 8 in. thick, and
constructed of two 4 in. wythes. Based on
inspection of the walls, there is an open
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collar joint between the two 4 in.
wythes, therefore the walls cannot be
considered to act in a composite manner.
The interior walls do not contribute to
the lateral force resisting system of the
building. These walls are supported by
the floor slab. The interior walls and
partitions are not attached to the
diaphragm. The reference drawings
indicate the roof to wall connection
consists of 1/2 in. round bolts 12 in.
long spaced two per pier or at a maximum
of 3 ft. spacing. The anchor bolts
connect a 4-by-8 wood plate to the top of
the wall. Truss attachment to the plate
is not indicated on the available
drawings. The trusses are assumed to be
toe-nailed to the plate. The trusses are
fabricated from dressed structural grade
lumber. The top chords are 2-by-10's in
the laboratory and 2-by-8's in the office
wings. The bottom chords are 2-by-6's
and the diagonals are 2-by-6's and 2-by-
4's. Truss members are connected by 4
in. round split-ring connectors.

Steel reinforcement is not indicated
for the masonry walls except in the
lintels. No steel reinforcement is
indicated for the foundations or floor
slabs. The load bearing wall foundations
are indicated to be 8 in. wide and a
minimum of 2' - 6" below final exterior
grade. A 1/2 in. expansion joint is
indicated between the wall foundations
and the floor slabs.

BUILDING 2715
Figure 2 is a typical photograph of

the exterior of Building 2715. The
general layout of the building is shown
in Figure 5.

The structure is 103 ft. by 34 ft in
plan, divided into two equal areas by a
12-1/2 inch thick clay tile fire wall
bisecting the 103 ft. dimension. The
exterior walls are 12-1/2 inch thick clay
tile masonry load bearing walls. The
roofing is a single ply roofing membrane
with a gravel ballast. The roof
structure consist of 2 in. thick gypsum
planks supported by 4 in. by 12 in. wood
joists spanning from the north and south

walls to a center line of 8 by 12 in.
timber girders supported on 8 in. square
wood posts at approximately 13 ft.
centers. The roof slopes approximately 6
in. north and south from the center ridge
to the exterior walls. Concrete masonry
has been added to increase the thickness
of the walls in the southwest corner of
the structure. Concrete masonry
partitions have also been added in this
area, creating two radiation-shielded
spaces. The eastern half of the building
has been converted into office spaces by
adding partitions constructed of wood 2
in. by 4 in. studs at 16 in. on center
with 1/2 in. gypsum board on each face.
The ceiling is composed of 2 by 4 ft.
panels of styrene plastic material in a
metal grid suspended by wires from the
structure above. There is also a ceiling
of 2 ft. square fiber board acoustic
panels, nailed to wood lath, attached to
the bottom of the wood joists.

The floor Is concrete which the
construction drawings indicate to be 6 In.
thick. A mastic joint separates the floor
slab from foundations and column piers.

The wall foundations are shown to be
straight walls 12-1/2 in. thick and a
minimum of V - 6" below the finished
grade outside the structure. The interior
columns terminate 3 ft. above the floor on
12 in. square concrete piers which
penetrate the floor and extend to 2 ft.
square footings founded 2 ft. below the
floor. Reinforcing is not indicated on
the construction drawings for either the
masonry or concrete.

Some cracking of the masonry was
observed. The north extension of the fire
wall contains several cracks. The
remainder of the cracks have occurred on
the west wall generally emanating from the
corners of openings. The cracks were
observed in the foundation near the west
end of the south wall. One very heavy
piece of equipment has apparently caused
the northwest corner of the floor slab to
settle.
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TURNPIKE BUILDING
Figure 3 is a typical photograph of

the exterior of the Turnpike Building.
The genaral layout of the building is
shown in Figure 6.

This structure consists of a main
building, a renovated boiler building
(which now serves as a computer
facility), and a fill-in structure
connecting the two. The main building is
a two story structure approximately 193
ft. by 126 ft.

Lower Story: The lower story is
partially below grade. The exterior
walls are unreinforced concrete masonry
units (CMU). This level was enlarged to
its current size after the original
construction was completed. As a result,
there are CMU interior walls which at one
time were exterior retaining walls.
Additional interior CMU walls are
indicated on the plans. The balance of
the interior walls are either metal or
wood stud walls, with 1/2 in. gypsum
board covering. The interior columns of
the original lower level are wood. In
the space excavated to expand the lower
level, the original columns were masonry,
and were of varying height. During the
expansion construction, many masonry
columns were replaced with steel pipe.
In order to eliminate a row of columns,
steel beams were added over the steel
pipe columns in the west portion of the
expansion area. A few of the original
masonry columns remain. The lower story
floor is concrete, cast on grade.

Upper Story: The upper story
consists of nominal l-by-8 plain edge
wood subflooring supported on 2-by-12 or
2-by-10 floor joists at 16 in. on center.
The joists span between beams which are
built up from several boards spiked
together. The beam sizes vary, depending
on the span. The beams which are between
the original basement walls span north
and south and are supported by masonry
pilasters, masonry load-bearing walls,
built up timber columns, and steel pipe
columns. The beams in the areas of the
basement expansion span east and west.

Where wood bears on masonry, a 2-by-l/8
in. steel strap protrudes from the masonry
and is attached to the beam or column by
three spikes. The steel straps occur only
on one side of each connection. The
spikes were omitted from several of the
connections observed. Beams supported on
wood columns are attached to the columns
by 2 ft. long 2-by-12's on both sides of
the connection. Approximately twelve
spikes attach each 2-by-12. The
attachment of the floor framing to the
perimeter masonry walls is generally
concealed by finishes. One place was
observed on the south wall. At this
location there is only one 1/2 in.
diameter bolt midway between two
pilasters. The distance between the
pilasters is approximately 13 ft.

Roof Framing: The roof framing is
entirely of wood; the perimeter walls are
wood studs with sheathing and lapped
siding. All second story interior columns
are wood. The roof is framed using two
systems. The central portion of the
structure slopes gradually to the north.
This portion is framed in the same manner
as the first floor; wood joist on sloping
beams and wood columns. This roof is
bounded on the east, south, and west sides
by a peaked roof. The peaked roof
consists of trusses which form the ridge
and span between two beam lines. On
either side of these trusses are rafters
which extend the roof slope to the
exterior walls or to the other interior
beam lines. The roofing materials are
asphalt shingles on the peaked portions
and ballasted membrane on the central
portion.

The ceiling is composed of 2-by-4 ft.
panels of styrene plastic material in a
metal grid suspended by wires from the
structure above. There is also a ceiling
of 1 ft. square fiber board acoustic
panels, nailed to wood lath, attached to
the bottom of the wood joists. The
original ceiling in the building is
vaulted around the east, south, and west
sides, following the sloped rafters and
the level bottom chords of the trusses.
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The computer facility was originally
a separate, free standing boiler building
that has been remodeled and reroofed with
steel open web joists and a steel deck.
The original windows have been filled
with CMU. A newer, smaller replacement
boiler is now housed in the original
boiler';, coal bin on the west side of the
boiler building structure. The remainder
of thU structure now contains a raised
computer floor. The exterior walls
appear to be concrete masonry. The
reference drawings indicate that the CMU
walls are 16 in. thick composed of two
wythes. The analysis assumes the two
wythes to be bonded, forming a 16 in.
thick composite wall. The drawings
indicate that the joist and roof deck are
anchored to the masonry walls.

The connector of fill-in building
addition between the main building and
the computer building is constructed of
concrete masonry walls and precast
concrete roof planks. The planks are
supported on the masonry walls and a
central steel beam. The beam appears to
span between the main and computer
buildings, as no interior columns are
apparent.

EVALUATION RESULTS

PHASE I
The Phase I assessments are

documented in a report [6] prepared for
OOE-OR by Frank E. McClure (Lawrence
Berkeley Laboratory) for the Building
2714 complex and the Turnpike Building
(excluding the computer facility
portion). These assessments concluded
the buildings were "tentative hazardous
buildings" requiring further analysis.
It was recommended that follow-up field
work be performed for 1) verification of
the existing data, 2) development of data
concerning the construction of and the
connections between the lateral force and
load bearing elements of the building, 3)
performing a more complete survey of the
potential non-structural fall ing hazards,
4) preparing simple as-built drawings of
the primary vertical and lateral force
resisting elements and non-structural

falling hazards, 5) performing material
testing including in-plane shear tests of
the hollow clay time bearing walls, and 6)
performing a more detailed lateral force
analysis of the building, based on the
information obtained from the follow-up
field investigations.

PHASE II
The Phase II assessments are

documented in reports prepared for DOE-OR
by Allen & Hoshall, Inc. [7,8,9]. For
these assessments, the Building 2714
complex was classified as GENERAL USE.
Building 2715 was classified as IMPORTANT
OR LOW HAZARD USE due to sources of
radiation being contained therein, and the
Turnpike Building was classified as
GENERAL USE except that the computer
facility portion was classified as
IMPORTANT OR LOW HAZARD USE due to the
presence of mission dependent computer
equipment.

Building 2714 Complex
The Phase II assessments show that

the complex does not meet the UCRL-15910
guidelines for earthquake and wind
hazards. The building does satisfy flood
hazard criteria. The major structural
deficiency is the behavior of the hollow
clay tile masonry walls. Failure to meet
the wind or seismic requirements is not an
indication of imminent collapse. Rather,
it is an indication that the expected
earthquake would cause stresses in excess
of generally recognized safe levels.

The following recommendations have
been made to improve the performance of
the building:

Structural
o reinforce masonry walls
o improve attachment of roof to shear
walls

o add diaphragm at ceiling or roof
o attach interior masonry walls to

diaphragm
o enlarge expansion joints between

separate structures

Non-Structural
o brace suspended ceilings and lights
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o add latches to file cabinets
o brace water heaters
o brace the top of any stud framed

partitions over 17' long
o make a practice of loading the lower

shelves of storage units first

Building 2715
The assessments show that Building

2715 meets the UCRL-15910 guidelines for
the flood hazard criteria, but does not
meet the guidelines for earthquake and
wind hazard criteria. The major
structural deficiency is that the roof
will not perform as a diaphragm. The
following recommendations have been made
to improve the performance of the
building:

Structural
o create roof diaphragm
o attach roof to fire wall
o attach roof to exterior walls
o reinforce shielding walls
o replace east entrance canopy

Non-Structural
o brace suspended ceiling and lights
o add latches to file cabinets
o brace water heater
o anchor air compressor in space S-15

Turnpike Building
The assessments show that the

Turnpike Building meets the UCRL-15910
guidelines for the wind hazard, but does
not meet the guidelines for earthquake
and flood hazard criteria.

With respect to flood hazard, the
main portion of the Turnpike Building
{excepting the computer facility) meets
the guideline's performance goals for a
General Use facility. Although the
building's site is subject to flood
hazard, the facility is able to withstand
the forces associated with the design
basis flood (DBFL) without damage, and
adequate flood warning time would be
available (1 to 2 hours) to ensure that
building occupants would be evacuated.

The portion of this facility
containing the computer facility does not

meet the Guideline's flood hazard
performance goal for Important or Low
Hazard Facilities. The DBFL for this
usage category exposes the computer-
facility to interruption of facility
operations. Occupant safety is not a
problem and is equivalent to that in the
main building. The roofing system also
fails to meet the Guideline's goals, which
utilizes parapets and drainage scuppers
which are not present elsewhere on the
Turnpike Building. Blockage of the
scuppers would result in water ponding on
the roof, exposing the facility to
interruption of operation due to rcof
damage and/or water leakage.

The major seismic structural
deficiency is the behavior of the masonry
walls in the lower level of the main
portion of the building and in the 0R0
computer facility. The following
recommendations have been made to improve
the performance of the building:

Structural
Main Building
o Add new shear walls in lower level or

strengthen existing walls
o improve anchorage of upper floor to
masonry walls

Computer Facility
o confirm anchorage of roof diaphragm

Infill Structure
o reinforce masonry walls
o confirm anchorage of precast roof to
masonry walls and support steel

o create a diaphragm at the roof level
o add shear walls to resist east-west

forces
o create expansion joints between infill

structure and boiler building and main
building

Non-Structural
o brace suspended ceiling and lights
o brace raised flooring (computer floor)
o brace top of interior partitions i f over

17' between intersecting walls
o brace fans above ceiling
o brace water heaters
o restrain batteries
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o recommend Improvements to maintain
continuity of operations under flood
hazard conditions

PHASE III
The phase III assessments to develop

conceptual designs and their associated
costs to address life safety issues and
some operations has not been initiated
but may begin in FY 92.
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FIGURE 2 - BUILDING 2715 FIGURE 3 - TURNPIKE BUILDING
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Figure 5 - General Layout Building 2715
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Figure 6 - General Layout Turnpike Building
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