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SYNOPSIS - TASK II

This report presents the results of the Task I --
Structural Capacity Evaluation of the Battelle Memorial Instizu-e
(BMI) Columbus Laboratories, located at West Jefferson, Ohio. Th=
purpose of the Task II effort was to evaluate the structural
capacity ¢ those buiiding structures and critical equipment
components which could potentially release hazardous chemizals “r--
the environment from the BMI facility as a result of damage or
failure during an earthquake or flood. This report summarizes the
structural capacities of critical building and equipment systems =
subjected to earthquake-induced ground shaking. A second volume
will report capacities to resist flood-induced loadings when suz»
loadings are determined for the BMI site Dy other NRC consultants.

The Task II effort was devoted to the JN-1B Hot Cell
Facility and the JN-4 Plutonium Laboratory. The primary items <
concern for the release of hazardous chemicals from the JN-12
facility were the High Energy Cell (HEC) and its filter and exriLs:
system., Within the JN-4 Plutonium Laboratery, attention was
centered on several key glove boxes which contain Uranium/Pigton< .~
in dispensible forms together with the glove box filters and
ouilding exhaust system. The loss of primay confinement due =
coilapse or overturning o/ the HEC or from rupiure of 2 glove co-
either from direct glove box failure or from damage caused by

interaction with adjacent structures was identified as the ultimass

mode of release resulting from extreme earthquake hazard. The

vii 1363 009



00R CRIGINAL

structural capacity of the building structures and associated
equipment systems as related to the ultimate modes of release i-e
addressed in this report. Operational and functional aspects of tn=
facility were not considered.

The JN-18 Hot Cell Laboratory was built in 1971 as an
expansion immediately adjacent to the JN-1A Laboratory. The
structure consists of a single-story high-roof Sraced frame stes”
structure which houses the High Energy Cell and its ancilliary
equipment. The main portion of the building is 86 feet by 74 faer
in plan dimension and approximately 62 feet high. With the
exception of the East wall which is a curtain wall adjacent to ti=
JN-1A structure, the exterior walls are constructed of free-stanzirz
unreinforced concrete block with brick veneer from ground levei ::
10 feet above grade. The walls above 10 feet are constructed of
doudb le-layered metal wall panels attached to the steel framing.

The High Energy Cell is constructed of poured-in-place
concrete walls and ceiling with steel liners on all walls. Wall
thicknesses are from 4 to 6 feet at floor level to approximately 1¢
feet elevation and 3 to 5 feet tnick up to the roof. The roof i: ¢
foot thick concrete. The interior dimensions of the cell are § 5v
38 feet in plan and 25 ‘eet high.

The IN-4 Plutonium Laboratory is a U-shaped structure wit-
legs of unequal 'engtnh and width and completely different methoc: =<
construction. However, no hazardous chemicals are contained in +-=
older portion of the structure, and with the exception of some lignt
shee® metal flashing, the structures are separated by a 6-1/4 ingh
gap. The investigation was therefore concentrated on the main
laboratory part of the structure. This portion is constructed =~

viii 1363 01
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unreinforced masonry block and block/brick walls on a soncrete 37z
with a 16 fool high roof of 6 inch by 24 inch by approximatelv °Z
foot long concrete channel slabs resting on steel roof beams.

drop ceiling is installed at the 12-foou level to provide a craw’
space for the building ventilation and exhaust systems.

The lateral force resistance of ths HEC is provided by <ns
thick concrete shear wall box system tied tocether by the 4 oot
thick reinforced concrete roof slab. The HEC is rectangular in = =
with a length to width ratio of 2.5 to 1 so that its resistance - -
overturning in the E-W direction (long aris) is significantly
greater than for N-5 excitation. Because of the large mass an?
stiftness of the HEC and the weak coupling through the mezzanine :-c:
crane framinyg, the HEC will berave virtually independently of =--:
main steel building frame.

The Tateral force resisting system of th JIN-18 stee] frime
building is a box system comprised of vertical braced frames tic:
together by a roof system consisting of a reof truss and stee!
deck. The east wall is a curtain wall which does not extend =
ground ana is not tied to the JN-1A structure. Consequently it 2-::
as a deep flange to provide roof stiffening put does not act zc =
shear wall. The structure responds as an open section and al}
lateral loads must be reacted Dy the other braced frames.

[n the main laboratory section of the JN-4 facility,
lateral force is resisted by a stee! column/unreinforced masonr
wall system supporiing the roof. Inertial roof loads are
tr smilted to the cxterior walls at the steel column locations
where the flexible columns bear against the masonry blocks. At =~
low levels of response, sufficient friction between the roof

i 1363 011
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channels and beams exists to provide diaphragm action of the roc-<.
After the channels begin to slip, forces are developed in the

individual channel <labs which oppose rotation and provide resz-:z:<--

against deformations of “he roof system relative to the shear wz' -

Finite element models were developed in order to determ; -

equivalent stiffness characteristics of the major structural svstz--

and subsystems for use in the dynamis response calculations. Tnz.-
swa. fodels were utilized in determining tne component stress la
resu’ting “rom given levels of ground motion. The dynami< mcde’ -
were suitably modified or replaced with more representative meods' -
as the leve's of ground motion vere increased and significant

o

nonlinear response occurs. Uplift of the HEC footing was calculzzz:

to begin for rocking about the major axis at a median ground
acceleration of 0.23g. Overturning of the cell about the same axi-
is not anticipated until acceleration levels of over 3g are

reached. Collapse of the IN-1B steel frame structure was calcyla=a-

to occur at a median ground acceleration of 0.3g in the N-S
direction. Although this will not cause sufficient damage to ca.s:
rupture of the HEC, it will result in loss of the exhaust fan
system. This will result in loss of the pressure difference acrc-:
the cell boundary and allow some unfiltered access tu the cell.
Alsc, at ground acceleration levels of approx mately 0.3g to 0.4¢
some shield plugs may b2 shaken out of the HEC, further increasin:

the unfiltered leak path area to atmosphere.

The critical equipment items which form the primary
confinement barrier in the JN-4 Plutonium Laboratory alsc exhibit
higher capacities than the building structures. In general, the,
will only be affected by total facility collapse or by large



relative displacements between the floor and tne roof which occur
just prior to collapse. Median ground accaleration levels of 0.23¢
in the N-S direction or 0.17g in the E-W direction were calculatec
to result in collapse of the main laboratory rocf/wall system.

Thus, for the purposes of the natural hazard study,
potential release of hazardous chemicals from any of the BMI
facilities would not be expected to occur urtil a ground motio-
acceleration level of 0.17g with an associated return period of
greater than 2,000 years is reached. Based upon the statistical
uncertainty bound analyses, the estimated standard deviation lowe~
and upper bound seismic capacities are 0.11g and 0.26g respectivelv.

i
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This report presents the results of the structural
evaluation of the structures and equipment of the West Jefferson
Site of Battelle Memorial Institute Columbus Laboratories /3MI
which contain hazardous materials. The report is submittad -
accordance with Contract No. 5453703, dated 2 May 1977, between
Lawrenc: Livermore Laboratory (LLL) of the University of California
and Engineering Decision Analysis Company, Inc. (EDAC). The Task I
Structural Evaliation and prior Task I Condition Documentation o
EDAC (as defined in the referenced contract) are part of an overa
natural hazards evuluation (Reference 1) performed by 2 group of
consultants axpert in the various hazard fields. The study is
sponsored and directed by the Fuel Reprocessing and Recycle Branch
of the Unitey States Nuclear Regulatory Commission (USNRC). Tne
natural hazerds study inclucas evaluation of several facilities at
different lczations within the United States. EDAC is responsit'
for the stryctural evaluation of these facilities for both
earthquake g1d flood induced loadings.

Batte'le-Columbus maintains and operates the Bat:zlle

Memorial Inﬁ:itute Columbus Laboratories (3MI) West Jefferson ci-e.
The site is located in West Jefferson, Ohic, approximatelv 17 miles
west of Co]umbus, Ohic. The site consists of the Engineering Area

and the Nuclaar Sciences Area located cn a 1,000 acre tract. In
accordance wth the general guidelines given in Reference 1, only the
Nuclear Sciences Area is of concern in this study. The JN-1 Hc’
Cell Laboratory facility is equipped for postirradiation examinatior

1363 014



of reactor materials and componencs up to and including light water
reactor fuel assemblies. The JN-4 Plutonium Laboratory is equipped
for research : d development related to plutonium bearing
materials. For the purposes of this study only the JN-18 and N-&
structures and equipment were considered (Reference 2).

The structural evaluation effort was divided into two
phases or tasks. The Task I effort encompassed the documentation ¢
the pesent condition of the BMI facility inclucing a review of
drawings and specifications related to the structures and critical
equipment. The Task [ report (Reference 4) identified the critical
locations within the facility, presented details of the critical
Process equiument and the structural systeis which are able to carry
seismic loads, ond described the analysis procedures which would be
subsequently used in the Task II seismic capac ity evaluation of the
BMI facil’“v. In addition to providing a data base for s:ructural
evaluations by EDAC, the Task I condition documentation was intended
to provide structural data for the extreme wind load evaluation by
other consultants.

The Task II effort encompasses the analysis of the building
structures and all critical equipment in order to estaLlish the
ground motion acceleration which could cause the structure or
critical component to collapse or to resuit in loss of coanfinement
of hazardous chemicals. This report describes the recults of the
Task II analyses which are presented in the following sections:

Section 2. Facility and Site Description
Section 3. Evaluation of Structural Sehavior
Section 4. Evaluation of Critical Equipment
Section 5. Structural Damage Scenario

1-2



Section 2 presents a brief discussion of the BM] facility
layout, its critical areas and general structural descriptions,
together with a brief discussion of the general seismicity of the
region. Section 3 presents the seismic capacity evalua‘’ion of the
building structures including a description of the structural
systems, a discussion of the analysis procedures used in the seismic
evaluation, and a description of each of the structural benavior
models togetner with the analysis results pertaining to the collapse
or confinement breach of the building structures. Similarly,
Section 4 presents the evaluation of the critizal eguipment items,
anain describing the analysis procedures and the ~esults. Section 5
summarizes the capacity evaluation of the BMI facility by means of
the presentation of a seismic damage scenario which describes the
potential damage to the facility at various levels of seismically
induced ground motion acceleration.
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2. FACILITY AND SITE DESCRIPTION

This section of the report presents a brief discussion of
the structural information pertinent to the Task I seismic capacity
evaluation of the Task II seismic capacity evaluation of the BMI
facility, A general structural description of the BMI buildings of
interest together with an identification of the critical areas and a
discussion of the site seismicity is contained herein. The JN-1 Hot
Cell Facility and the IN-4 Plutonium Laboratory were both
constructed in several phases over periods of several years. In
several instances the type of construction varies significantly and,
in most instances, essentially no structural ties exist between
portions of the structures constructed a* different times.
Consequently, during an earthquake the individual parts of these
structues will tend to behave independent ly.

g} GENERAL FACILITY LAYOUT

The JIN-13 Hot Cell Laboratory was built in 1971 to expand
and compiement the capability of JN-IA Laboratory. This additien,
which is adjacent to the west wall of JN-1A, consists of a main
one-story high-roof steel frame structure which houses the Hign
Energy Cell (HEC) with its ancillary functions (e.g., transfer porl,
service area, etc.) and a low roof pool mechanizal equipment room
located at the north-east corner of the main duilding. The genera’
layout of the building is shown in Figure 2-1. The main portion of
the building, which is 86 feet by 74 feet in plan dimension and
approximatly 62 feet nigh, is constructed of a three-dimensiona’
stee! frame with a steel roof deck and double-layered metal exterior




walls with several inches of insulation. From ground level uyp to 10
feet above grade, the exterior wa'ls are constr cted of 12 inch
thick unreinforced concrete black walls with brick veneer masonry.
An 8-inch concrete floor slab is poured on grade.

The High Energy Cell (HEC) housed in IN-18 is constructed
of poured-in-place concrete walls and ceiling with steel liners on
all walls. The interior dimensions of the HEC are 38 feet Tong by 9
feet wide by 25 feet high. The HEC is connected to » fuel handling
and examination pool (20 x 20 x 45 feet deep) via a transfer canal.
A mezzanine area used as a HEC mechanical equipment room is located
between the south wall of the JV .18 bui1ding and the south wall of
HEC at 18 feet 8 inches above the ground level, A 50-ton bridge
crane which can travel the full length of JN-18 is used to handle
casks and the solid steel door of the HEC.

The JIN-4 Plutonium Laboratory building is essentially a
U-shaped structure with legs of unequal length and widths as shown
in Figu-e 2-2. The outside dimensions of the main laboratory and
office (including the old laboratory) are approximately 113' - 4" by
105" - 10" This building was built in three separate segments
(Figure 2-2) and the construction features are quite varying. The
garlier two sejments that were built in 1960 and 1964 are
construsted of d.uble-layered metal walls witn several inches of
insulation and a metal rcof. The newer segment of the facility,
built in 1967, is constructed of masonry block and block/brick walls
on & concrete slab with a 16-foot-high roof of 6" by 24" concrete
channels. A drop ceiling is installed at the 12-foot level
providing a 4-foot space for ventilation duct and utility services.
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A CRITICAL FACILITY AREAS

For purposes of the overall natural hazards study, critica!l
aeas are those locations in which hazardous chemicals are processec
Or stored in a dispersible form. Release of these chemicals to the
cutside is possible should the confinement barriers be breached. I=
<hese areas release may b~ _.ostulated as a result of given naturz’
events (e.g., eartnquakes, tornados, etc.). Similarly, critical
equipment is equipment which is used to process materials (i.e.,
nazardous chemicals in dispersible form) and whose structure serves
as 2 primary confinement barrier. The area of primary concern is
the High Energy Cell (HEC) with additional attention given to
features whose failure may cause loss of containment of hazardous
chemicals (i.e., viewing windows, HEPA filters, and exhaust system
etc.). A plan view of the HEC with connecting pool and cask wash-
down area is given in Figure 2-1. The JN-1B building has its own
ventialtion system which is designed so that all the air in the
building is exhausted through the High Energy Cell. Conditioned
outside air is supplied to each area by two air conditioning units
in the HEC mechanical equipment room. A1l the air is exhausted
through 3 sets of primary high efficiency filters recessed into the
rear wall of the HEC and 3 sets of fina. high efficiency filters
located outside the cell on the mezzanine. gight-iich diameter
exhaust pipes connecting the primary and final filtere are empedded
in *he cell wall and ceiling. A section through the cell depicting
the exhaust system in shown in Figure 2-3. The High Energy Cel
provides the primary confinement barrier for hazardous chemirz:ls in
the JN-1B facility while the building exterior walls and roof
provide the final barrier.

1363 019
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The JN-4 Plutonium Laboratory consists of separate giove
box areas for hazardous chemicals in conjunction with areas for
support activities. The areas of principal concern are glove boxes
20 and 37 which contair Plutonium/Uranium in dispersible forms.
Other features whose failure may increase the hazard potential have
D€... .uc.tified in Reference 3 as: windows, finai HEPA filters, the
natural gas line in the service room, hydraulic fluid reservoirs ir
the main lab, and 1A-gas cylinders.

The glove box arrangement is shown in Figure 2-4, and tne
building ventilation systr~ is shown schematically in Figure 2-3.
Filtered conditioned air is supplied to each room by diffusers near
the ceiling. Air is exhausted from the rooms through HEPA filters
in metal frames with their faces set a few inches from the floor.
Ducting and final HEPA filters are located in the 4 foot craw! space
in the main laboratory which is the area of concern., Most of the
glove boxes used in the facility are "inerted" (nitrogen atmosphere)
with single-pass inert gas supplied. Gas is exhausted from the
glove boxes through at least a single state of high filtration in an
8" diameter metal canister and then piped into the exhaust piping.

The confinement barriers for the main lab portion of the
JN-4 building consist of the process glove boxes as primary
confinement barriers, the building walls and roof as final barriers,
and the non-load bearing concrete block walls and drop ceiling act
as secondary barriers within the building enveiope.

e SITE SEISMICITY

The BMI site is located approximately 17 miles west of
Columbus, Ohio. The Nuclear Sciences Area is situated north of the
Battelle Lake at an elevation approximately 910 feet above sea

Tevel. The site may be generally described as underlain by glacial

e 1363



till with bedrock reported at a depth of approximately 100 feet. A
Timited soils and foundation investigation (Reference 6) was
conducted for the Hot Cell Pool location of building JN-18. Three
test borings ranging in depth from 50 to 100 feet were taken, and
although these were limited to the vicinity of the Hot Cell Pool,
they are considered to be representative of the soi! conditions for
other structures within the Nuclear Sciences Area.

The value of the soil shear modulus, G, was previously
computed (Reference 4) as 9000 psi which included the effects of
increased strain levels during seismic motion. For a soil density
of 130 1b/cu.ft., the corresponding shear wave velocity is 570
ft/sec. for the moist silty clay encountered in the BMI Nuclear
Sciences Area, For the BMI site, the ground-water tablz was
reported to be at approximately 40 feet below ground surface at the
Hot Cell Laboratory location (References 5 and 6). Seepage was
encountered in the test borings in a thin discontinuous layer of
fine to medium sand of limited volume. Liquefaction requires a
combination of saturation and cohesionless soils which have the
ability to compact into a more dense condition. Due to the very
limited amounts of saturated sands encountered in comparison with

Clayey silts, the possibility of liquefaction at the BMI site is
considered remote.

A seismic risk analysis of the 3MI site was conducted by
other consultants (Reference 5) in order to define the ground
motions which the facility could be expected to encounter. The
analysis included a review of the historical data and included
earthquakes ur to 600 km from the site in conjunction with an
appropriate aticnuation relationship. The results indicate the site
is in a region of low to moderate seismic activity. Based on a
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prodbabilistic approach (Reference 5), earthquakes with peak seismic
ground acceleration levels within the range of approximately 3 to 5%
g May De expected every 100 years and approximately 8 to 14% g every
1000 years. The best estimate curve together with bounding curves
corresponding approximately equal to one standard deviation for
return period accelerations is shown in Figure 2-6 {reproduced from
Reference 5). Data were not available on which to base return
periods for peak ground horizontal acceleration levels in excess of
0.74g. Thus, throughout this report where the seismic capacity of
structures or equipment exceeds 0.14g, the return period can only be
determined as greater than 2000 years,
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3. EVALUATION OF STRUCTURAL BEHAVIOR.

This section of the report presents a discussion of the
analysis of the BMI building structures including an identification
of the lateral force resisting systems and the analysis procedurss
used in the evaluation. Information concerning the key structura’
details is given more extensively in the Task ! Report (Reference
4. A discussion of the modeling considerations and a short
descriptinn of the structural models utilized for analysis togetner
with the analysis resu’ts are represerted in this section.

3.1 JN-18 STRUCTURAL SYSTEMS

The principal area of concern in the JN-1B building is the
response of the High Energy Cell (HEC) which forms the primary
confinement barrier for the hazardous chemicals. The latera!
seismic force resistance of the HEC is provided by the thick
reinforced concrete shear wall box system tied together by a
4-foot-thick reinforced concrete cell roof slab. The HEC is
rectangular in plan with a length-to-width ratio of 2.5 %0 1. 4
vertical cross section through the cell is shown in Figure 2-1,
Longitudinal and transverse sections are shown in Figures 3-1 and
3-2 respectively,

Jeviations from structural symmetry are due to differences
in wail thickness and the amount of high density concrete in eazh
wall. The HEC may be considered to resist seismic forces by twc
indepencen: systems; one for each major building direction,
north-south and east-west. However, it is observed from the
Jeometric layout that the north-south system of the HEC will be *he
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lowest capacity system. Because of the large mass and stiffness of
the HEC and the weak coupling through the mezzanine and crane
framing, the HEC will behave virtually independently of the main
steel building frame. The HEC structure was modelled as a
lumped-mass system supported by equivalent soil springs. The
necessary soil properties required for calculation of soil
compliance due to the HEC wall footing reactions were discussed in
the Task I Report (Reference 4). The analvsis of the nonlinea-
motion of HEC due to footing uplift was treated by means of the

.....

The lateral seismic force resisting ssstem of the JN-18
steel frame building may be described as a box system which consists
of vertical braced frames with attached metal panels tied together
by the roof system. The roof system consists of a 1-1/2 inch stea!
deck and a roof truss. The roof and wall pane) inertia forces are
transferred to the braced frames through diaphragm action of the
roof system. The schematic drawings of the roof truss and vertical
braced frames are shown in Figures 3-3 through 3-8. The east wall
was designed and constructed so that the wall framing is hung from
the roof with no structural ties to the JIN-1A west wall. Thus, the
east wall acts only as a deep flange for the roof and all latera’
loads must be resisted by the other vertical braced frames. The
metal wall panels were found to be incapable of resisting latera)
inertia force transferred from the roof due to the fact that the
metal panel joint lips at the vertical panel joints are too flexible
to transfer any significant shear loads. Details of the metal well
panels were discussed in the Task I report. A sketch of the panels
and their attachment is contained in Appendix C.




The in-plane wall seismiz shear forces are transferred to
grade through the spread footings and through the building floor
slab. The B3-inch concrete floor slab is positively connectec to the
masonry wall foundation through stee! dowels. The in-plane seismic
overturning forces are transferred to the footings as axial forces
through the steel column base connections.

The mezzanine is framed to the HEC nd the south wall of
JIN-78 building as shown in Figure 3-9. The mezzanine floor slab is
2 4-inch concrete slab poured on top of the 1-1/2 inch metal decking
to form a composite section. The floor slab is classified as a
"rigid" diaphragm based on Reference 8. However, due to the lack of
vertical shear resisting elements the mezzanine will move in phase
with the HEC under seismic ground motion. The mezzanine inertia
force is transferred through the two 12W45 floor beams into the
HEC.

Both tributary gravity roof loads and vertical seismic
forces are transferred directly to the columns by roof girders
(33W118) which span 71'-2" in the north-south direction. The
exterior unreinforced masonry walls act independently of the rest of
the building. The masonry walls are isolated from the structura!l

steel frame Decause the void space between the masonry and stee! is
filled with plastic foam.

Jue to tne unsymmetric distribution of braced frame
stiffnesses and neavy concentrated mass of the crane, there is 3
significant amount of eccentricity of the lateral inertia force with
respect to the center of rigidity of the system. In order to



account for this torsional effect, the response due to ground motion
accelerations in both major building directions was determined in
assessing the element capacities of the lateral force resisting
system as discussed in the following section.

3.2 JN-1B STRUCTURAL ANALYSIS PROCEDURES

A general discussion of the anmalytical approach used in the
Task Il analyses of the High Energy Cell and the building structure
follows. The procedure relating to the determination of the
uncertaint bounds is presented in Appendix A and is discussed more
extensively since it was not included in the Task I Repor:.

3.2.1 JN-18 Modelling Considerations

The development of a mathematical model which represents
the physical behavior of a structure subjected to earthquake ground
motion requires the idealization of the effective structural
behavior of an assemblage of structura)l components and the
appropriate lumping of distributed structure mass (weight). As
previously discussed, the HEC structural system is essentially a
shear wall box system tied together by a »igid concrete roof slab.
Thus the HEC was modelled as a lumped-mass system supperted by
equivalent soil springs. In view of the very thick cell walls and
length-to-width ratio of the HEC , the sertional properties of his
shear wall box system were calculated based on elementary beam
tneory without considering tne shear lag effect. The equivalent
lumped-mass model was formed by considering the tributary mass of
all four walls and other tributary masses whers applizable.
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For a structure which is s massive and rigid as the HEC
the foundation soil compliance can influence the overall dynamic
response. The procedure usec in this anaiysis was to irclude
equivaient soil springs at the cell footing to account for tne
effect of soil compliance. The stiffnesses of the equivalent 3of
springs were estimated using relationships such as presented in
Reference 9 for rectangular footings resting on the soii surfize.
The soil springs are based on the approximate ='astic properties ¢
the supporting soil developed in Task I. The effects of footin:
embeament (References 10 and 11) were incluved ir the comp iznce
estimate.

The JN-1B steel frame is also a box system which consists
of vertical braced frames tied together by a roof system. The  co”
system consists of 1-1/2-inch deep steel decking supported by 2per
wed steel joists and roof beams and a roof truss which i3 locatec
approximately 16" below the stee! decking. The roof truss is an
assemblage of roof girders, roof beams and steel angle cross

bracings. To real ;tirally model the benavior of the steel geck ing,

a fairly detailed finite element analysis would be needed to moge’
the nonisotropic properties of the decking and the behavior at and
near the connections. However, preliminarv ca’zulations incicatac
that the roof truss by itself is stiff encugn and has agegu:te
canacity to provide the required diaparac : _stien so *=:% z2n
elaborate analysis of tne roof decking was not warrantec. The
structural steel framing was model’ed by a lumped-mass,
two-dimensional finite element model representing the roc? truss
with springs attached at the boundary to represent the vertiza)
braced systems. In general, the diagonal bracing mempers of the
roof truss and tne vertical braced frames are single structura’
steel angles which have verv low compressive capacity. Thus, on'v
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diagonal braces in tension are considered effective in transfer=iag
inertia forces at the seismic response levels of interest. To
reflect this benavior, only half of the actual axial area was usas
for the diagonal members in the mathematial mode) and the resulting
forces modified accordingly. The lumped masses wnich were assigne
to the model node points were formed by considering the tributar:
gravity roof weight and wall weight. The 30 ton crane was assumec
to be located at the position where it would cause the most severs
torsion on the roof truss.

Oue to the different load paths for the crane mass in tne
two pricipal directions, the inertias representing the crane oczur
at different locations in the mathematical model. This occurs due
Lo the two-dimensional representation of the structure which 4id nat
allow a detailed representation of the cranc support system. The
vertical response of the roof girders subjected to vertical ground
motion accelerations at their supports was analyzed assuming 2
simple beam dynamic model.

3.2.2 Inelastic Behavior
In order to determine the seismic ground accelerations
which characterize failure or collapse, herz in in the inelatic

range must be considered. The nonlinear rzsponse of braces fram:
systems is generally relatively sma'l como2red with moment resissin:
structural systems due to fewer energy absorption and ductility
mechianisms. Sources of nonlinear response p-ior to collapse of ¢
systems come from yeilcing of stee) members and srom working or
tearing of connections. Where significant steel yielding is
involved prior to collapse, energy absorption is ennances. For “ie
JIN-1B building, elastic buckling of diagonal members anz 'ocs)
failure of connections govern tne failure of the systam with
Corresponding relatively Tow ductility,

“
-
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The modal spectral method of dynamic analysis is
appropriate for determination of response of the JN-13 building as
represented by lumped-mass models. A system such as described, w':
hysteretic behavior and geometrically no particular weak poin<
(i.e., a relatively uniform system), is well suited to analysis s
the approximate nonlinear spectral-methocd (References 12 anc 17),
In this method, the elastic response spectraz which define seismis
input (and are used to calculate elastic sysiam response) are
medified to account for hysteretic energy absorption in the
nonlinear system. The nonlinear analysis orocedure is the same as
for an elastic spectral analysis except for the utilization of the
reduced or nonlinear spectra. The hysteretic energy absorption
capacity is measured by the ductility factor which is the ~atio of
the maximum response deflection of a single-degree-of -freecom
structure to its yield point deflection. The procedure for alterin:
elastic response spectra to account for nonlinear behavior may be
found in References 15 and 17. The spectra) acceleraticn reducticn
factor, R, is a function of the system ductility factor, ., within
each spectral region. The factor R is taken as unity for the graurc
acceleration portion of the response spectrum, 17/ 2.1 for the
amplified acceleration spectral region, and 1/. for the spesiral
velocity and spectral disnlacement regiors,

A number of references are available to assist in Judginrg
appropriate damping and ductility levels to resresent response at
the point of incipient collapse in the nonlinear analysis., In
particular, References 13 and 19 report values of ductility ana
damping for various systems whicn may be used as guideline values.
On the basis of values found in these references together with an

POOR CRIGHAL
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evaluation of the connection det ails, upper and lower bound (one
standard deviation) and median values for ductiiity and damping wer =
selected. The ductility factors were determined pased on whe:ner
the braced frame system is ductile or nonductile. A duztile orace-
frame is defined as one in which the ultimate strength of the join:
(either welded or bolted) is at least 1.2 times the yield strength
of the member being connected. Using tnis definition together vitr
a detailed examination of the connections of 217 the diagona’
mempers in the JN-18 structural system indicated the system woula be
classed as nonductile. A typical bolted connection detail of the
roof truss diagonal bracing is shown in Figure 3-10. Based on
values reported in Reference 18 for similar structures, median
ductility factors as well as upper and lower onz standard deviatior
bounds were selected. These values appear in Table 3-1. Tag 'z -
also provides ductility factors wnich are appropriate for the
independent analysis of tne roof girder vertical response. The
rigid body analysis of the HEC and the nonload-bearing masonry was
based on the reserve energy method so no determination of tne
ductility factors of these systems was necessary. However, Tanle
3-1 includes the median as well as upper a.d lower bound dampi=
values used for these systems in additinn .o those for the JN-1
frame and roof girders. The selection of *the damping factors
invoived a ccmparison of the JIN-18 buileing witn similar structurs:
for wnich referenced values are tabulated /Referance 18).

¢
g

The definition of the seismic ground motion input for =a:
site is provided (Reference 5) by elastic response spectra. Tne
horizontal and vertical spectrz  be used ir the analysis are baszs
upon the median data for an alluvium site resuiting from the
earthquake ground motion study presented in Referencs 7. The
resuiting analysis response spectra, normalized to 1.0g neak
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horizcntal ground motion, for ductility ratios of 1.0 (elastiz) ar
2.5 are shown in Figure 3-11. Also incluged in Figure 3-11 are tr:
elastic horizontal response soectrum for 10 percent damping anc
vertical response spectrum, normalized to 2/3q peak grounc mctiorn,
for a ductility factor of 6.5.

3.2.3 JN-1B Seismic Car .., Evaiuations

Given a capacity criteria in terms of internal strass o
deflection for a selected key structural element or connectior, &
capacity force resultant =c was directly obtainable using
ralations of engineering mechanics. For most of the det2ils an:
elements investigated for structural capacity, the seismic response
to ground motion was obtained from the overall dynamic analysic af
the buiiding. The forces within key elements (or connections cuc
t0 grourd acceleration of 1.0g were obtained from the modal spect-:’
analysis of the building models using the appropriate spectrum
(me*ian) given in Figure 3-11 for damping, : , and ductility factor,
w. The modal components of force within an element, Fm l1q» WEre
combined using the square-root-sum-of-squares (SRSS) procedu'e to
optain an estimate of the element median resy’ tart force due tc
dynamic response:

"wss, g <%

The ground acceleration capacity, Ag’ for the element ur
connection under consideration, is then given py:
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As discussed previously, there is a significant amount of torsion:!
response of the JN-18 building que to the eccentricity of the
at~ral inertia for - with respsect to the center of rigidity.

Thug, the efect. .r v 9nse in both major horizontal directions
were inc..e=d 10 the danalysis and the assessment of the structur:)
element . p»>~"%v. To reflect the fact that ccncurrent ground
axcitatic . in the two major horizonta) girections are not
necassa~ily of the same magnitude, and that the response maxima o-
not normaily occur simultaneously, the element force resultant
corresponding to 100 percent of the motion in one direction wa:
combined with 40 percent of the resultants due to response in <nz
other orthogonal direction by addition of tne absolute values
Reference 19). On the basis that 40 percent of 2/3 of the
horizontal accelerations (0.2 to 0.3g) is an order of magni:ﬁoe l2ss
than the static 1g vertical forces, it is judged that the effect of
concurrant vertical ground motions on these structural systems will
be small and generally they were not included in the analysis.

The determination of the ultimate element or connection
capacity, FC- was generally based upon the ultimate stress
distribution for the given material in the mode of element response
considered. The determination of the structura] material properiies
for the structural elements of the IN-1E Hat Cell Laboratory was
part of the Task [ effort. The estimated upper bound, median, and
Tower bound values of the materia) strength are tabulated in
Reference 4 (see also Appendix C).

The determination of the so‘l capacity against shear
failure under the HEC wall footing or each individual spread footing

G WA
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was based on ultimate soil pressure which was determined by
multiplying the allowable soil pressure by a safety factor. Based
on the soil report (Reference 6), the allowable design soil pressurs
at the JIN-18 site was 4000 psf with a factor of safety of at least 2
against shearing failure. Thus the ultimate soil pressure is
estimated to be 12,000 psf.

The ultimate strength capacities cf the structural stee
elements and connections were calculated using the requirements cof
Reference 20 and the general recommendations and guidelines given in
Reference 21. Tne capacity of the column anchor bolts in combined
tension and shear was estimated using the classical elliptical
interaction curve (Reference 21). The ultimate static pull-out and
shear criteria, including proximity and free-sdge effects, for
concrate inscrts was based upon relationships and test data
presented in References 23-24. The dynamic (seismic) ultimate
capacities for concrete inserts were taken as 80 percent of the
single cycle static ultimate valus. Tests have indicated that no
significant degradation in strength occurs under cyclic loacings
below 80 percent of the static ultimate but that degradation anc
failure are rapid for loadings above the 80 percent level
(References 25-27). Combined pullout and shear capacity of inserts
was estimated using the ultimate strengtr intaraction relation giver
in Reference 24,

3.3 JN-18 STRUCTURAL MODELS AND RESULT3

This section contains a summary of the mathematica mode’
properties and the results obtained in the analysis of the High
Energy Cell and the JUN-18 steel frame structure. The results are
summarized in terms of grouid motion acceleration levels which woulg
cause collapse of an individual detai)l or system mode collapse,




These results are presented in Table 3-2. For lower levels of
collapse response and particularly for the controlling collapse
models, median as well as one standard deviation upper and lower
bounds are given. For details which have significantly greater
capacity, only the median values are given. Ground acceleration
capacities are given to several significant figures in order to
indicate the lixely range of failure. It shauld not be implied tha-
the analysis justifies accuracy to this level, Additional details
of the analysis are contained in Appendix 8.

The mathematical mode! used to evaluate the dynamic
response of the HEC in the weak axis (N-5) is shown in Figure 3-12
with the equivalent 5011 springs attached at the base to account for
the effect of soil compliance. The formulation of the equivalent
soil springs was discussed in Section 3.2.1 of this report., The
mode! was formulated employing the EDAC/MSAP computer code which is
a version of the gener.! structural amalysis computer program SAP I\
(Reference 28). The numerical values assigned to the element
properties and lumped masses for the mathematical mode!l are alsc
given in Figure 3-12,

The dominant principal mode shapes for the N-S response
obtained from a modal analysis of the HEC model are snown in Figurs

3-13 togetner with the natural frequencies. It is observed that “he
first two significant modes are basically rigid body rocking of the
HEC. Also shown in Figure 3-13 are the SRSS 2lement forces obtaines
from a response spectrum analysis using the ground spectrum given in
Figure 3-11 (.= 1.0, ~ = 10%). Based on the nominal shear strength
of the reinforced concrete, the shear zapacitv of the HEC

was found to be 0.74g. A linear soil pressure distribution was
assumed in the HEC uplift analysis. Although this is inexact, it
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does not introduce an appreciable error in the overturning moment
calculation which is the principal concern. Using the median
overturning moment (SRSS) obtained from a dynamic response speztrum
analysis of tie lumped-mass cell mode] and the restoring moment cue
Lo the gravity weight of the cell, the median initiation of uplift
ground acceleration capacity, Ag' was found to be 0.23g. At this
leve, the HEC will respond essentially as a rigid body, even af:iar
initiation of uplify. Uplift is defined as the point at which
fnitial separation of an edge of the footing from the soil occurs
and not when the entire footing is piveting about a corner.

As discussed in Task I report, the reserve energy metnoc
was also utilized in the HEC rigid body rocking analysis in order to
evaluate the ground acceleration capacity for the eventual
overturning of the HEC. This capacity was found to be 4.29. Even
tre initiation of uplift (0.23g) is significartly above the range o
ground accelerations where valid data exists upon which to determine
the return period. Therefore, with such a high aporoximate capacity
for overturning it was Judged that a time history dynamic analysis
of the HEC including the effect of uplift was unnecessary,

The dynamic model used to evaluate the response of the
JN-1B building for seismic ground motions i: <nown in Figurs 3-14,
The finite element mathematical mode! was Formulated employing the
EDAC/MSAP computer code. The three-dimensional elastic beam
elements and boundary spring elements were utilized to construct tne
model with the necessary kinematic constraints to achieve the
element stitfnesses desired. As discussed previously, the - 1 is
2 two-dimensional representation of the roof truss with bounc.r
spring elements representing the vertical braced frames. The
stiffresses of the vertical braced frames were calculatad based on
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static analyses assuming that only those diagonal pracings in
tension are effective in transferring shear force. In view of the
connection details, the columns of these braced frames wers assumed
pinned at the base. The effective stiffnesses of the bracec frames
aiong column Tines Q and 13 of the crane framing were calculated ¢
account for the force transfer from the roof truss to the crane
framing. Table 3-3 summarizes the stiffnesses of all braced
frames. As noted previously, tne modeling of the mass distribution
of the 50 ton crane mass in the roof truss is dependent on the
direction of the roof truss response. Assuming the crane is parked
at the east end of the building as shown in Figure 3-14, for
response in the N-S direction, more than half of the total crane
inertia loading is transferres to the roof truss through the 12W27
horizontal strut at the crane leve! and the main building column
along line P. This mass distribution is reflected by the two heavy
Y-direction nodal! masses at node 5 and node 25 as shown in Tadle
3-4. Th2 rest of the crane mass inertia in the Y-direction is
resisted by the braced system (12w40 diagona) strut) along line Q.
For roof response in the E-W direction, the crane mass aleng column
16 is transferred to the roof truss through the cross bracings of
the north wall framing as reflected by the heavy X-direction lumpec
masses at node 1 and node 3 in Tapgle 3-4. The crane mas: inertia
along column line 13 is then resisted Cirectly by the cross braced
system of the crane framing. The materia) property and secticn
properties of the beam elements are summarized in Table 3-5.

The dominant mode snapes obtained from the modal analysis
of JN-18 building frame for grourd motion levels less than 0.11g are
shown in Figures 3-15 through 3-17. The first three modes, which
have more than 95 percent of the mass participating, were included
in the dynamic response spectrum analysis. An elastic resnonse
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spectrum analysis was first conducted in order to evaluate the
yielding of the structural bolts at the connections and the elastic
buckling of the diagonal bracing members. It was found that at some
of the hignly stressed connections the bolts begin to yield at a
ground acceleration of 0.08g. The double angle tension/compression
diagonal member of the north wall braced frame (Figure 3-4) was also
calculated to buckle at a relatively low ground acceleration
(0.11g). The north frame is assumed to lose its lateral force
resisting capacity as soon as this diagona! member buckles. Thus,
the inelastic response spectrum analysic of the JIN-1B building frame
was performed with zay remaining stiffness of the north wall braced
frame neglected. The mode shapes of the first ti-ee cignificant
modes for the JN-18 structure with buckled north fiame cross brace
are shown in Figures 3-15(a) through 3-17(a). The SRSS element
forces obtained from inelastic dynamic analyses for a) 1.0g N-S and
concurrent 0.4g E-W grcund motions and b) 1.0g E-W and concurrent
0.4g N-S ground motions a~e summarized in Tables 3-6 and 3-7.

The most critical structural elements and details evaluated
for the inelastic behavior of the JN-18 building are the connections
of the diagonal bracings of the roof truss and the remaining
vertical draced frames, the compressive capacity of the braced frame
member, and the capacity of the main building columns and the column
anchor bolts.

Using the median element forces (SRSS) obtained from the
dynamic response spectrum analysis of the finite element model and
the median element capacities, the median ground acceleration

capacities, Ag, were computed as indicated by Equation 3-2.
Additional inertia forces of the part of the crane mass which is
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resisted directly by the crane framing were evaluated and included
iy assessing the ground acceleration capacity of the crane framing.
Table 3-2 presents the ground acceleration determined for each of
the elements or connectiuns with major damage potential considered
for the IN-1B structural system.

The critical detail of the mezzanine framing in
transferring the mezzanine inertia force to the HEC is the one-inch
diameter concrete inserts which connect the two 12wW45 floor beams to
the HEC soutn wall. The detail of this connection is shown in
Figure 3-9. The spectral acceleration of the mezzanine due to the
seismic ground motions was determined based on the ground response
spectrum and the dyramic properties of the HEC. The ground
acceleration capacity of this connection was found to be 1.90g which
is greatly in excess of any anti:ipated ground motion acceleration
levels for the site.

Same ground acceleration capacities for other system
considerations (vertical roof girder respo.se and rigid body rock ing
of the HEC and unreinforced masonry walls) are also tabulated for
comparison. The lower and upper bounds of the jround acceleration
capacities were determined as described in Appendix A. For details
with collapse capacities significantly greater than the controlling
capacity, only median values are given.

Tre lowest collapse capacity of the JIN-18 building system
(0.30g) is associated with the shear failure of the bolts at the
connection of the roof truss diagonal bracing. The loss of the
diaphragm action of the roof truss due to this connection failure is
postulated to then lead to the total coliapse of the JIN-1B
building. Again, this acceleration level is considerably above the
predictable return period acceleration levels.
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3.4 JN-4 STRUCTURAL SYSTEMS

The JIN-4 Plutonium Laboratory is an unsymmetric, U-snaped
building constructed in several phases with different methods of
construction. A floor plan is shown in Figure 2-2. Although they
are nominally part of the same building, the initial (01d Lab) and
final office addition portions of the structure were not analyzed.
No critical facilities are located within these parts of the
structure and they will tend to respond independently to seismic.
excitation due to lack of structural ties and a 6-1/4 inch gap
between the Ol1d Lab and the main lab portion of the structure. In
the main laboratory, lateral force is resisted by a stee!
column/unreinforced masonry wall system supporting the roof. The
roof system is fabricated from 6-inch deep by 24-inch wide precast
concrete channel sections which span between the roof beams. A
1=1/2 inch rigid insulation and built-up roof is supported by the

channels. Inertial roof loads are transmitted to the exterior walls
at the steel column connections and to the exterior masonry walls by

means of the columns bear ing against the masonry blocks. The
exterior masonry walls thus act as shear walls preventing large
defo-nations of the adjacent steel frame. The shear walls of
concern are the north, south, east, and west exterior walls of the
Main Lab and north-south wall between tie original office and
service room and 01d Lab portions of the structure. The interior
masonry walls do not support any roof structure bHut are Tocally
grouted to the joists. Grout was considered to be ineffective in
transt.itting shear due to the observed presence of cracks between
the grout and beams.

The ability of the masonry to act as shear walls is
significantly degraded by the numerous floor to ceiling windows in
the north and south exterior walls. Also, the ability of the south
wall between the service room and the original structure (014 Lab)
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to transmit shear is quite limited. This occurs because the 'oad
path for the horizontal inertia roof load which must be transferred
to the wall through a precast concrete slab is Timited by the
friction between tne lower steel beam and the slab. The vertical
rocf load is carried by the steel columns, however, so that the

normal (vertical) load and hence the friction capacity to transmit
shear is quite low.

The channel slabs resting on top of tne stee! beams wil]
3CT as 2 diaphragm transmitting the lateral inertia loads to tLhe
exterior shear walls for low levels of response. Due to the fact
that the structure is unsymmetric, the center of mass and the center
of rigidity are not coincidental. Therefore, the torsional effects
Gue to earthquake Toads must be considered at levels for which the
diaphragm action exists,

The vertical force resisting system consists of the precast
concrete roof channels supported by unbraced 8 to 21-inch deep
rolled stee] beams. Lightweight square stee! columns embedded in
the masonry walls support the roof system. The exterior columns are
field welded to the continuous 3/8-inch stee! plate which rests on

the concrete grade beams. Window and door openings are spanned by 2
x 8 inch precast concrete lintels.

Inelastic behavior of the structure begins upon the
cessation of diaphragm action of the channel slabs and significant
cracking of the masonry occurs. At this point, the structural
resistance of the building may be examined in two independent
orthogonal directions since the torsional coupling becomes of
negligible importance. At these levels of response, the structura!l
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elements which resist the inelastic behav.or of the IN-4 facility,
(rigid body rocking of the walls and roof) are the couple action of
the channel slabs on the steel beams, the interference of the
exterior masonry walls with stee] beams, and the in-plame shear
resistance of the unreinforced masonry walls. These systems will be
discussed more extensively in Section 3. ¢ and in Appendix B.

3.5 JN-4 STRUCTURAL ANALYSIS PROCEDURES

This section contains the mode ling techniques and
assumptions used in the analysis of the JN-4 Plytonium Laboratory.
Significant differences in the approach are evident between the
Tinear models valid for low levels of seismic response compared to
the models used for increased levels where collapse of the structure
s imminent. The procedure for determining the uncertainty bounds
is presented in Appendix A.

3:9. 1 JN-4 Modelling Considerations

In creating a mathematical model of a structure such as the
JN-4 Plutonium Laboratory for various levels of earthquake response,
idealization of the various structural elements need to be made.
Judicious choice of mathematical models which will accurately
represent the dynamic respsnse of the physical structure is
necessary. These are in addition to the normal requireients of mass
and stiffness considerations required in order to calculate the
correct response of the structures for various levels of ground
excitation.

In modeling the JN-4 facility for low levels of ground
excitation, consideration of the steel framing interacting with the
unreinforced masonry walls in order to develop an elastic mode!
representing the complete structure composed of the Main Lab,
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initial office building, etc., was reguired. Finite element models
were created for the noth wall, the east wall, and south wall of the
laboratory portion of the JN-4 building. These models considered
s0il compliance, footing flexibility, and masonry wall stiffness. A
typical finite element mode] used for the south wall is shown in
Figure 3-18. Soil compliance was evaluated through the use of the
soil properties presented in the Task I report., Discrete soil
springs were used to represent the support of the surrounding soil
in both the vertical and horizontal directions. The soil spring
constants were evaluated using relationships presented in Reference
9. Soil springs were calculated for a rectangular focting resting
on top of the soil surface. These values were then modified to
account for the effects of footing embedment (References 10 and

11). It should be noted that the soi) spings were included in the
models in order to assess the effect of soil compliance on wall
stress distribution and rot to model soil-structure interaction
effects which are consioered negligible for this type of structure,

The soil springs were used in conjunction with plane stress
membrane elements and beam elements in order to accurately determine
the equivalent stiffnesses of the various walls. The footing was
modeled as a continuous beam supported at discrete points by
boundary elements (soil spring). Steel columns and surrounding
masonry comprising the individual columns were represented by beam
elements. A transformed section was used to account for differences
in the material properties of the steel and masonry. The
unreinforced masonry walls were represented by plane stress membrane
elements. The finite element models were analyzed using a static
analysis with the EDAC/MSAP computer program.
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The static analysis calculated an equivalent in-slane shear
stiffness for the wall. Oisplacements and rotations were distinct’,
different from the corresponding values computed for a uniform shear
wall, However, the finite 2lement model results for the east wzl'.
which is a homogenous unreinforced masonry wall, may be closel.
approximated by hand calculations. Therefore the elastic shear
stiffnesses of the other homogeneous walls in the IN-4 facility were
evaluated using simple hand calculations.

In creating an overall elastic dynamic mode! of the IN-4
facility, a two-dimensional mode! was used as shown in Figure 3-19,
The shear springs attached to the model account for the in-plan:
stiffness of wails along the various column lines. The shear scring
stiffnesses were evaluated from the =esults of the finite elament
modeis of the north, south, and east walls, and from hanc
calculations of other critical walls. For low levels of responss:
where the roof channel friction forces are sufficient to provide
diapnragm action, the channel slabs were modeled as plane strass
membrane elements attached to the structural stee! roof framing
system.,

The distribution of mass was azzounted for in two mavre-:
in the JN-4 facility. Distributed mass was used in ceniunczion .53~
the plane stress membrane elements. Additional discrete tributary
Tumped masses were used at appropriate nodes to account for
inte-action of the shear walls with the roor framing system,
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3.5.2 JN-4 Inelastic Behavior

In order to accurately determine the coilapse capacity of
building of this type under earthquake loading, benavior of the
structure in the inelastic range must be considered. The approach
taken in analyzing the JIN-4 facility was to use the Reserve Energy
(RE) Method in conjunction with rigid body rocking of the =02+
framing system ind the unreinforced masonry walls,

The RE method is relatively simple to use and has besn
shown to give good results for rigid body wall systems (Reference
29). The rigid body behavior to be analyzed is i)lustrated in
Figure 3-20 for a simple wall/roof system and involves pivoting
(rotating) of the wall about a small segment (effectively a corner)
at the edge of the wall base. This rotation occurs under the actior
of the horizontal inertia) forces due to ground shaking., The
inertial forces may be represented by a force F, concentrated at “he
roof line., This is appropriate for analysis as a large share of
inertia is generally contributed by the roof. As the wall move:
through the displacement *, measured at the roof line, the
stabilizing weight of the roof and wall becomes less effective unt+’
at “pa the restoring moment is zero. This deflection, ‘28, it
taken to be the collapse displacement tor purposes of the evaluyation
analysis, and it occurs when the lateral force resistance capacity
becomes essentially zero. At the beginning of rigid body resistance
(with * = 0) the maximum inertial force capacity FRB' maintains
equilibrium with the restoring force of the wall and roof weight,
considering pivoting about the edge of the base. The
force-deflection diagram shown in Figure 3-21 depicts the behavior
of a typical wall through the first cycle of motion as it cracks
through, and then responds as a rigid body with the effective
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degrading stiffness from FRB at “= 0O toF = 0 at ‘'RB. After
through-wall cracking at low shaking levels, the force-deflectis
diagram for subsequent cycles of shaking is essentially that shown
Oy the dashed line in the nonlinear diagram of Figure 3-21, It is
noted that the maximum force level prior to cracking is
approximately equal to FRg as indicates by the dashed and solic
diagrams. Thus the two diagrams are essentially colinear and K ar:

K2 both have equal values.

The RE method consists of analyzing an equivalent elastic
system by the modal spectral method of analysis. The equivalency ‘st
maintained by equal energy capacity of the nonlinear system and its
equivalent elastic system. This equivalence is obtained as shown in
Figure 3-21 by comparing the non-linear and linear diagrams.

Failure of the linear system thus occurs at the force FRB and
deflection Spg WNnich corresponds to the force and deflection
capacity of the nonlinear wall/roof system. The energy equivalence
s shown in Figure 3-22 together with the equivalent linear and
nonlinear models. A time history response analysis was conducted in
conjunction with the evaluation of another facility in this study
(Reference 29) on a similar unreinforced masonry wall and the
results were favorably compared with those obtained from the RE
method. The results of this comparison are contained in Appendix D.

Response spectrum analysis technigques are used in
conjunction with the Reserve Energy Method. The WASH 1235 me<ian
response spectrum for aliuvium soil! conditions (Reference 7) with
10% damping and a ductility ratio equal to 1.0 was deemed
appropriate for use in the inelastic analysis. The damping in the
masonry wall is the result of cracking and crushing of the mortar



under the concrete blocks during rigid body rocking. Damping of the
roof system results from the sliding of the concrete channe! slabs
relative to the steel beam as well as yielding at the framing
connections,

3.6 JN-4 STRUCTURAL MODELS AND RESULTS

Due to the fact that the JN-4 facility is an unsymmetric
structure, torsional effects on the building are important “or low
levels of earthquake response. Therefore the initial section,
3.6.1, will consider a completely elastic structure with concurrent
loadings in two orthogonal directions. Subsequent sections will
examine the building under higher ground accelerations. An elastic
mode! with a released roof diaphragm and rigid body rocking models
were used to determine structural System capacities as appropriate
for increasing ground motion input levels,

3.6.1 JN-4 ELASTIC ANALYSIS

The dynamic model used to evaluate the initial elastic
response of the JIN-4 facility is shown in Figure 3-19, The
two-dimensional mode! contained boundary elements, (shear springs),
Deam elements, and plane stress membrane elements, The shear
springs represented the in-plane stiffness of the unreinforced
masonry wall. These springs accounted for wall flexibility, sail
compliance, and the footing stiffness.

The finite element beam members represented the beams in
the roof framing system. End conditions of the beams we-e evaluated
as fixed or pinned as required by the structural stee) drawings of
the JN-4 facility., The plare stress membrane elements attempted to
account for the couple action of the channel slabs interacting with
the steel framing. This couple action is more fully expla‘ned in
Appendix 8.
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The main purpose of the elastic mode! was to investigate
the degree of dynamic coupling betw.en the Main Laboratory Building
and the Initial Office Area (Figure 2-2) and determine the onset of
masonry cracking and other nonlinear response and the locations
where these effects would occur. The 01d Lab and Final Office Areas
were not considered in the dynamic mode! because of absence of
structural ties with the Main Laboratory Building as previously
discussed.

Figure 3-23 is an isometric sketch of the structural stee!
layout in the JIN-4 Facility. The portion of the sketch labeled
building interface required some additional consideration in
developing a two-dimensional model of the facility., To account for
the fiexural stiffness of the columns extending above the office
area, artificial beam elements were included in the two-dimensiona!
model. The axial stiffness and shear stiffness of these elements
accounted for the out-of-plane and the in-plane bending of the

columns, respectivey. These beam elements are numbered 77, 81, 88
in View A of Figure 3-19,

The elastic dynamic analysis used the median horizonta)
response spectrum for alluvium soils (Reference 7) with - = 7%
and . = 1.0 (Figure 3-11). The analysis was run on the EZDAC/MSAP
computer program.

The results of the elastic dynamic analysis showed that the
Main Laboratory and the Initial Office Area essentially are
uncoupled. The first six modes investigated had almost 100% of the
structural mass participating in both the X and Y directions., The
fundamental mode shape is shown in Figure 3-24, The Main Laboratory
portion of the facility responds in the N-S direction while the
Office Area is unaffected. even though the interface wall is lpaded
in the .n-plane directior,
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The Main Laboratory Building responded within a range sf
frequencies from 10-23 hertz. In order to account for torsiona’
effects, the hypothesized earthquake Toading was applied to the
buiiding concurrently in two orthogonal directions. The major
acceleration component was designa”ed 1.0 Ag with the minor
acceleration component assumed as 0.4 Ag. Initial failure of the
diaphragm action of the roof channels siabs occurred at A .-
0.03g for £-W direction excitation along the channe! slap-beam
interface atop the wall between the 01d Lab and the service room
(Location I in Figure 3-19). For principal excitation in the N-5
direction the corresponding median g-ound acceleration is 0.076g
with initial slipping occurring a‘ong the east wall,

3.6.2 Modified Elastic Analysis of the JN-4 Facility

The loss of the diaphragm action of the channel slabs was
accounted for by some basic modification in the two-dimensiona!
computer model. The modified elastic model deleted al) the plane
stress membrane elements and Tumped all the roof mass at discrete
modes. This mode] was then used to investigate the dynamic
characteristics of the structure at ground motion accelerations
above the 0.03 to 0.08g levels, but below the collapse levels whe-=
very large deformations result. The analysis results show a large
frequency shift will result due to the release of the roof
diaphragm. The structure now responds in two basically independent
fashions. The roof framing with the lumped masses due to unifarn
roof weight was found to respond at frequencies in the range of !
hertz. The wall masses located along column Tines represented Dy
the shear springs were found to respond at mu.h higher frequencias,
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Figures 3-25 and 3-26 show the mode shapes of the major
framing systems for the modified two-dimensional model. Taple 3-3
lists the frequencies of these modes.

For ground acceleration levels above the accelerations
which cause loss of roof diaphragm action but below the point where
significant rigid body cut-of-plane rocking of the masonry wa'
eccurs, the response is characterized by in-plane motion of the
various roof bays. The channel slabs contribute virtually ne
restraint for these modes with the only restraint resulting from
bending about the weak ax‘s of the roof beams. .ince the out- of
plane motion of the walls is not sufficient to result in arching of
the masonry between the roof beams and foundation and since the
grout was assumed incapable of transmitting out-of-plane shear, no
restraint results from out- of-plane loading of the walls.

A response spectrum analysis was run with the modified
elastic model in order to caleulate forces on the shear walls due t»
the dynamic response of the roof. The range of ground motion level:s
for which this model is applicable varies with the direction of
motion and the location within the structure. For E-W input,
hinging of the steel columns at the base occurs in the ~ange of
0.04g along column line 7 while slipping of the 2-foot wide conzrets
slab adjacent to the corridor between the service room and the 074
Lab along column line 4 resylts at approximately 0.08g. For N-5
excitation hinging of the columns along column line F occurs in the
range of 0.09g. Portions of the solution to the modified elastic
two-dimensional mode! were combined with the rigid body rocking
analysis in order to calculate shear forces on various structura’
elements,
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3.6.3 Dynamic Response of Unreinforc:d Masonry Walls

The cracking capacity and the collapse capacity of the
unreinforced masonry walls were investigated for several modes of
collapse. The cracking capacity of the walls at the base was
defined as the dynamic load required in order to create a condition
of zero strength under one edge of the wall for the exterior walls,
This assumes there ic no tensile bond strength between the stee!
base plate and the masonry wall. The interior walls crack wien the
dynamic tensile str2ss equals the tensile strength of the grout.
Table 3-9 identifies four different wall cracking capacities.

The two capacities listed as most probable for cracking to
occur are the ones in which the walls act as a free-standing
cantilever. The second set of capacities were developed on the
hypothesis that the steel roof beams interface with the walls to
such an extent that the tops of the walls are restrained. In this
mode, in order to for the walls to form significant cracks, a second
crack must occur close to the mid-height of the wal) (Figure 3-27).
Since cracks are known to exist in the grout between the top of the
wall and the bottom flange of the beam, significant rocking of the
walls must occur before interference can occur.

The collapse capacities of both the interior and exterior
walls were also investigated for a number of different failure
modes. Table 3-10 identifies three basic failure modes with their
respective collipse capacities.

The first failure mode for both the interior and exterior
walls considered the walls acting as a free-standing rigid body
cantilevers rocking about their own base (Figure 3-20). For this
case, the walls were assumed to be totally independent of the roof
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girders which implies no out-of-plane shear is transmitted througn
the grout between the top of the wall and the bottom of the beam
flange. Collapse was calculated to occur at a median ground
capacity, Ag, of 0.18g for exterior walls and 0.14g for interior
walls. Interior walls which do not have the benefit of roof beam
sJpport are expected to collapse at this ground acceleration.

The second type of failure mocde considered interference
between the roof beam and the wall during rigid body rocking. The
roof beam was modeled as a spring supported roller which provided a
normal force to the wall for all wall configurations during rigid
body rocking (Figure 3-28). This mode! accounts for some
interference between the wall and beam such as would result due o
closure of cracks in the grout due to rigid body rotation of the
wall about a Tower corner. The flexibility of the beam is
considered in this model and a low coefficient of friction between
the wall and beam is assumed as should be appropriate as the result
of the pulverizing of some of the grout. This model provides
intermediate levels of collapse between those resulting from a
free-standing cantilever exterior wall and one whirh is restrained
at the top by a pinned connection and hence cause cracking and
subsequent buckiing at some mid-height elevation. This failure mode
was considered to be the most Tikely with median ground motion
collapse levels calculated at 0.18g for E-W excitation and slightly
Tower at 0.178g for N-S excitation. The Reserve Energy Metnod was
alsc used in conjunction with this model. Although the maximum
f‘splacements and the effective masses for this case are
substantially different from the free-standing wall model, the
resulting ground acceleration capacities for failure were almost the
same (Table 3-10). The reason for the similarity of the answers is
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decause that although the second failure mode is stiffer due to tne
restraining influence of the beam, the additional mass from the Seam
acting with the wall negates any large shift in frequencies that
normally would occur. The slight difference in ground acceleration
capacity for the two orthogonal directions is due to the dirferent
wall coniigurations considered.

The third type of failure mode considered assumed that tne
roof providea sc much restraint that the walls had to fail in the
knee action mode shown in Figure 3-27. This is unlikely to occur
except possibly close to the intersection of tne shear walls since

the walls and roof framing must act integrally as a unit at all
times.

3.6.4 Ultimate Collapse Capacity of the JN-4 Structure

Three basic failure modes were found to be critical when
examining the collapse of the Main Laboratory portion of the IN-4
facility. Figures 3-29 ard 3-30 show the basic rigid body rocking
failure modes which were considered. At ground motion levels
approaching the collapse levels of the structure, rigid body rocking
of the IN-4 facility in the E-W direction along column line 7 occurs
because of the low lateral resistance of this column line in
comparison with the other column lines. A plan view of the
structural steel columns and important masonry walls along column
lines 6, 7, and 8 is shown in Figure 3-31. Column line 7 has almos:
no restraint in the way of masonry shear walls for rigid body
rocking of the roof in a westerly direction. Although stronger than
column line 7, column lines 6 and 8 aleo have shear capacities below
that of uniform homogeneous shear walls due to the numerous floor to
roof windows. Examination of the detail of a typical column (Figure
3-32) shows that each 4 x 4 inch steel column is surrounded by a
small masonry pier. In between this smal) pier and the adjacent
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masonry wall is a 3/16-inch plate glass window. However, Figure
3-32 shows the 8 x 8 inch precast concrete lintel which is capanle
of transferring in-plane loads from the steel column to the adjacent
masonry wall. In considering the strength of this detail,
consideration was given to the bearing stresses occurring at both
the steel-lintel interface and the lintel-masonry block interface.
The shear stress in the masonry walls was investigated along with
the possibility of the whole masonry wall sliding along the steel
base plate. All shear walls were examined for both lateral loads
due to rigid body rocking and the simultaneous nearly elastic
respcnse of the structure forming the adjacent stronger bays.

As previously discussed, a significant restraint effact
results due to the couples formed in the individual roof channels at
significant response levels. These couplas develop through friction
betw=en the roof beams and the channels. Appendix B describes the
deyelopment and magnitude of these restraint forces when the ground
motion is assumed parallel to the direction of rigid body rocking
response of the bay. Also described is an approximate method of
accounting for simultaneous horizontal input components. The
reduction in capacity as a result of a simultaneous ground
acceleration equal to 0.4 times the principal horizontal input was
computed on the basis of a typical critical slab and results in a

decrease in capacity of approximately 16 percent when compared to
mnly a single input component.

The median ground motion collapse capacity of the structure
with maximum response along column line 7 was calculated to
correspond to a ground motion input of 0.17g. The resulting maximum
rigid body displacement at the roof elevation is 7.3 inches.
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Another critical section of the building considered for E-W
excitation was the rigid body rocking of the bay between column
Tines 4 and 6. This porion of the building was determined in the
Task I report to contain a natural gas line. The mode! used in
evaiuating the rigid body rocking capacity is shown in Figure 3-33.
The same figure shows the brick and block wall which ties the
separate stories together. Therefore a displarement, , of the
Tower story will create a displacement of the same magnitude at the
roof Tine of the upper story. For this model, the restraint of the
structure due to the 2-foot-wide channel slab roof was again
evaluated in considering the rigid body rocking. The median ground
motion collapse capacity of the structure was determined to be 0.25g
at a maximum displacement of 9.8 inches.

The other major rigid body rocking motion that occurs in
the N-S direction in the IN-4 structure is along column line F
(Figure 3-29). This motion again occurs because of the relatively
low lateral resistance of the steel frame along column line F
(Figure 3-31) in comparison to the adjacent column lines Ea and G
which act as shear walls. The restraint provided by the couple
action of the channel slabs is different for rigid body rocking of
the structure in this direction. This is because the forces creatsc
by the channel slabs are dependent on the orientation of the slabs
on top of the steel framing. Appendix B contains a more detailed
explanation of the channel slab-steel frame interaction forces
developed during rigid body rocking in the N-S direction.

The collapse of the structure for rigid body rocking along
column F was calculated to occur at a median ground acceieration of
0.23g with a maximum rigid body displacement of 9.5 in. Thus, the
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first part of the IN-4 structure to collapse is the Main

Laboratory. This is calculated to occur at median ground
acceleration levels of approximately 0.17g for E-W excitation or
0.23g for N-S excitation. The initial mode of fzilure for both
these directions is'rigid body rocking out-of-plane of the outside
walls as shown in Figures 3-29 and 3-30. At least initially after
this type of collapse, some portions of the shear walls could remain
standing as well as other portions of the structure such as the
service room and initial office portions of the structure. Total
collapse, however, is expected at median ground excitation levels of
approximately 0.26g. A summary of the important seismic capacities
of the JIN-4 structure together with their upper and lower bounds
appears in Table 3-11.
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TABLE 3-1

SYSTEM DUCTILITY FACTORS AND DAMPING RATIOS
FOR THE JN-1B ANALYSIS

Ductility Factor, u Damping, 2 {
Lower Median Upper Lower Median Upper

Key Element Bound Value Bound Bound Value Bound
Braced Frame

System 1.5 2.5 4 10 15

Roof Girder

Vertical Resnonse| 2.5 6.5 10 3.3 5
High Energy Cell —_ 1.0 — 7 10
Masonry Wall
Rigid Body _— 1.0 —_ 7 10

Rocking
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TABLE 3-2.

CONFINEMENT BARRIERS
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TABLE 3-3.  JON-18 TRUSS MODEL BOUNDARY FLEMENT PROPERTIES

Element No. Description Stiffness (1b/in)

] North Wall Braced Frame 29500

2 Crane Braced Frame Along 11000
Line 13

3 South Wall Braced Frame 18500

4 west Wall Braced Frame 20800

5 Crane Braced Frame Along 14650
Line Q

1363 064
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Node No.

W 0 N Oy it & W ) e

I ]

12
13
14
15
6

-
/

18
19

2]
22
23
24
25

TABLE 3-4 JN-18 TRUSS MODEL NODE MASSES

X-Mass (1b-sec2/in)

140.
18.
145,
16.
1%
16.
19.
19.
19.
16.
16.
20.
20.
20.
17.
16.
21.
o 48
22.
18.
.36
16.
16.
16.
13.

1

68
45
E
45
05
14
39
39
39
81
97
39
3
39
68
27
16
84
84
57

55
55
55
13

Y-Mass (1b-secZ/in)

1

.
|

139

16

.28
16.
16.
.45
.86
16.
19.
19.
19.
.81
.97
.39
39
20.39
.68
21

43
a5

14
39
39
38

1

.. 34

.34
37

1.36

.55
.55
.55
139.

anisilp

34
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e
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TABLE 3-5. JN-1B MODEL BEAM PROPERTIES
Beam Description Material No. Area (inz) Moment of Inertia (ind) Beam No.
L4 x 3 x 1/4 1 0.845* B.d7 5, 7, 8.9, W, .,
12, 13, 27, 28, 38,
39, 49, 50
14622 1 6.490 7.00 18, 19, 20, 21, 29,
30, 31, 32, 40, 41,
42, 43
14W30 ] 8.830 19.50 ', 2, 3,8, 8, 12,
33, 44, 51, 52, 53,
54
33W118 1 34.800 187.00 14, 15, 16, 17, 23,
24, 25, 26, 34, 35,
36, 37, 45, 47, 48
Half of the Axial Area
Material No. Material £ (psi) v
1 A36 Structural Steel 29 x 106 0.3




TABLE 3-6.  JUN-18 ROOF ~ JSS OIAGONAL MEMSER FORCES (SRSS)

1.0g N-S + Concurrent 1.0g £-W + Concurrent
Seam Element No. 0.4g E-W (Lbs) 0.4g N-S (Lbs)
6 60160 59680
7 95480 85400
8 45880 50440
S 65360 60840
10 58960 57960
n 95000 ‘ 85040
12 48280 52240
13 70680 62040
27 429040 42520
28 432490 43000
38 58920 57000
39 57440 55400
L 31384 27220
50 31280 26960
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Node Mass Property Node No 1 2 3 a 5
Mass
(1b-sec’/in) 2514 2073 2073 19 1416
Beam Properties 2 A . 4.
Beam No. Area (in“) Shear "rea (in“) Moment of Inertia (in")
All 8
Beams 76570 25170 4.9 x10
Boundary Element 1 2
Properties Element No. (1b/in) (in-1b)/rad
Stiffness 1.1 x 107 1.7 x 19"
E’ High Density Concrete . O Beam Element Ho.

/rd ft. Cell Roof Slab

Z:S Boundary Element lo.

HEC
South Wall

XIS
.,.0...".“‘

®

HEC Walls (Tvn.)

©)

4 x 90.75" - 363"

Translation Soil Sorinag

BRIN
.“’A"’t’?

. Rockina Soi}

Sorinag

Mathematical Mode! of the HEC

FINITE ELEMENT MODEL OF THE HIGH ENERRY CELL
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FIGURE 3-13. OYNAMIC RESPONSE ANALYSIS RESULTS OF THE HEC
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4. EVALUATION OF CRITICAL EQUIPMENT

This section of the report presents 2 discussion of the
analysis of the critical equipment items including analysis
procedures used in the evaluation and the results. The Task I
Report (Reference 4) provides additional background information
concerning a number of construction details of the equipment.
However, for convenient reference, selected data and equipment
details which are most pertinent to the critical equipment are
abstracted from the Task [ Report and presented both in this section
and in Appendix C. In addition, several minor details are included
which were not available at the time of the Task I release.

The material in this section is organized into equipment
considered in the analysis of the JN-1B Hot Cell Laboratory and the
JN-4 Plutonium Laboratory. Methods of analysis are briefly
described and the results of the analysis are presented. The
procedure used to determine the uncertainty bounds is presented in
Appendix A.

4.1 JN-1B CRITICAL EQUIPMENT CONSIDERED

Within the JN-1B facility, the primary area of concern is
the High Erergy C211 (HEC). This was discussed in the preceeding
section. However, the capacity of the cell exhaust system is also
of some concern since the cell i3 not airtight and the exhaust
system is required to maintain a net pressure difference across the
cell boundary with corresponding in-leakage.

4.1



Two air conditioning units located on the east end of the
mezzanine supply air throughout the operating area. These units and
their associated ducting are not critical since there is no direct
connection with any areas containing hazardous chemicals and since
this equipment provides no contribution to the confinement
boundaries. Conditioned air enters the HEC through two 32-1/4 x
40-1/4 inch openings located 3 feet above the mezzanine floor on the
east wall of the cell. Aeromold filters are mounted flush with the
outside cell wall, The air is exhausted through the primary 24 by
48 inch aeromold filters embedded in the north cell wall to the
final absolute filters located external to the cell above the
mezzanine as shown in Figure 2-3. The filtered air is then
exhausted through the roof by means of three motor driven fans.
These fans maintain a pressure difference of 0.5 inch of water
across the cell. Loss of these fans will eliminate the pressure
differential across the HEC and thus conceivably allow some escape
of unfiltered air from the cell by means of the small openings
around the cell door, shield plugs, drop-in and drop-out tubes,
etc. The total leakage area available under this condition with all
the plugs in place, doors closed, etc., is approximately 560 square
inches of unfiltered area. In addition, the inlet filters comprise
a single-pass filtered area with a total of 2600 square inches. At
very high seismic response levels, some additional unfiltered area

may become exposed due to shaking out of some plugs as discussed in
a subseguent section.

In addition to the primary filters embedded in the cell

wall, the exhaust air passes through a final filter external to the
cell through a 12-inch diameter duct to the exhaust fans, and

4.2



finally through a 24-inch diameter duct to atmosphere through the
roof. The final 24-inch duct was not considered critical in this
evaluation. The fans and motor assemblies are mounted to the
mezzanine floor by means of vibration isolators and connected at the
inlet and outlet ducts with flexible connctions. Other flexible
connections are attached between the filter assemblies and the
12-inch diameter ducts.

4.2 JIN-18 EQUIPMENT ANALYSIS PROCEDURES

The seismic capacities of the HEC exhaust system components
were evaluated in order to determirs che ground motion capacity at
which Toss of the pressure differential across the cell wall was
likely to occur. In addition, components subject to potential
damage from falling objects were evaluated with regard to the size
of missile and free-f211 distance they could withstand. Shield
plugs within the cell walls were investigated to determine the
ground motion levels at which they could be shaken from their
Tocations. These capacities can then be compared with the primary
capacity of concern, namely the overturning of the HEC, as well as
the collapse capacity of the steel frame stricture.

4.2.1 JN-18B Equipment Response

The response of the critical items of the HEC exhaust
system was evaluated by means of lumped mass models simulating the
dynamic characteristics of the individua) components. The fina!
filter system was modeled as a rigid planar body supported by
equivalent springs representing the 8-inch diameter pipes from the
HEC. Although some panel modes and small gages and their associated
piping may be expected to exhibit some amplification, the primary
pressure boundary is expected to behave such that the simplified
models provide an adequate representation. All fundamental response
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frequencies were found to be above 20 hertz and hence in the :igid
portion of the response spectrum. Since no amplification results
for these high frequency modes, no consideration of damping or
ductility modified response spectra was required, and the response
was obtained directly from the response of the HEC at the elevation
of the 8-inch diameter exhaust pipes. The response of the 12-irch
diameter ducting from the final filters to the zxhaust fans was also
evaluated by means of planar models. Since the ducting is separated
by flexible connections from both the final filters and the fans, no
consideration of the interaction of the ducting with the other
system components was required. The fan and motor assemblies are
also separated from the exhaust ducts by flexible connections. The
fan/motor assembly was treated as a rigid body supported on the
flexible vibration isolation mounts. In this case, however, due to
the geometry of the system and the relatively soft equivalent spring
rates of the isolation mounts, the analysis was conducted on the
basis of a coupled 6-degree-of-freedom system. The response was
obtained assuming the mezzanine was rigidly coupled to the HEC so
the input motion into the fans was controlled by the response of the
HEC rather than the remainder of the steel building framing.

4.2.2 JN-1B EQUIPMENT OBJECT IMPACT

In the JN-1B facility, breach of confinement is not of
primary importance for the HEC exhaust system components
considered. This results from the fact that even if the confinement
boundary is breached, the primary filters embedded in the cell wall
will remain intact. [f breach of confinement occurs downstream of
the final filters, then both sets of filters would be effective in
preventing release of any hazardous chemicals. Evaluation of impact
damage, then is of relatisely minor importance with the exception of
potential loss of the fans. The most vulnerable portion of the fan
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system to damage is the electrical system although buckling of a fan
plenum and subsequent cessation of fan rotation is also possible for
missiles originating from elevations near the roof (2pproximately 42
feet free-fall height). Although the fans and ducting are exposed
on the mezzanine, they are shielded from falling missiles to some
extent by the 12WF27 crane framing at column lines P, Q, R, and S.
Also, since there are three fans a significant mechanical redundancy
exists although all three fans share a common electrical system.

4.3 JN-18 EQUIPMENT ANALYSIS RESULTS

The final filters are supported by short lengths of 8-inch
diameter pipe directly from the HEC. The fundamental frequencies in
the three principal directions are all calculated to be greater than
20 hertz and the filter assemblies will therefore respond as rigid
bodies attached to the HEC. The minimum response levels are greater
than 59 in all three principal directions. Although some light
tubing and gauges (Figure 4-1) are attached and may be expected to
exhibit resonance at frequencies below 20 hertz and possibly failure
levels below 5g, these were not considered vital to the function of
the filters and were not evaluated. The final filter assemblies may
therefore be considered to remain intact until collapse of the steel
building structure.

The 12-inch diameter ducts are separated from both the
final filter assemblies and the motor driven fans by means of
flexible, multi-ply expansion joints. The ducts are supported in
gusseted steel plate saddles approximtely 10 inches above the
mezzanine floor. The Towest calculated fundamental frequency was
above 18 hertz in the axial direction. Very little dynamic
amplification results and the response capacity of the ducts is also

1363 104
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greater than 5g based on anchor bolt pullout from the mezzanine
floor. Although buckling of the ducts can result from missile
impact, the ducts can be considered to remain effective until
collapse of the building.

The HEC exhaust fans are Buffalo Forge Mode! 30AW with
7-1/2 horsepower, 240V, 3 phase motors. The catalog weight of the
fan in the Arrangement No. 9 configuration is 405 1b. and a 275 1lb.
motor weight was used in the evaluation. The fan-motor assemblies
are supported on vibration isolation mounts and are connected to
both the inlet and exhaust ducts by means of flexible connections.
The units were analyzed as rigid bodies with 6 degrees-of-freedom.
The frequencies of the coupled rotational-transtational modes range
from approximately 5.2 to 29 hertz. Therefore, some dynamic
amplification of the ground mction will result, both at the resonant
frequencies of the unit and due to the rocking (N-S) of the HEC at
2.9 hertz, Based on the rubber adhesion and shear stresses
resulting in the isolators, a median ground motion for failure of
the fan-motor mounts of 0.7g was calculated. Again the collapse of
the steel building frame system will control the ground motion leve!
at which operation of the fans and hence the HEC exhaust system is
expected to remain functional.

Several items were investigated with regai# to exposure of
unfiltered access .o the HEC. As previously discussed, a total
“leak path" area of approximately 560 square inches exists assuming
all access doors are closed, and shield plugs, etc., are in place.
The shield doors for the drop-in and drop-out tubes are exposed to
falling objects on the outside of the HEC walls. These shield doors
are 9 x 14 x 18 inch lead filled with 3/8-inch steel shells.
Failure of a hinge with resulting exposure of the 6-inch sch. 80
pipe (Area = 26 sq. in) could be expected if impacted at the outer
edge by a 6 to 15 pound object falling from the roof elevation.
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The vision inse~ts and zhield plugs are flush mounted or
recessed and, hence, damage from falling objects is extremely
remote. The vision inserts are tapered and retained on the cell hot
side by means of weided bars. The inertia loads required to fail
these bars is greater than that resulting at HEC overturning.
Therefore the vision inserts are expected to remain in place. The
shield plugs, on the other hand, are not restrained except by
friction. Using a range of coefficient of €riction of mild steel on
steel from 0.4 to 0.8 and assuming a2 component of ground
acceleration equal 0 0.4 times the horizontal input simultaneously
in the vertical (upward) direction, ground acceleration levels at
which sliding occurs of from 0.21 to 0.39g resuit. However, in
order tc snake a plug completely out of the cell wall, a number of
cycles are required. Typically, some sliding motion would be in the
direction back into the wall. In order to evaluate this completely,
a series of time history analyses would be required. In view of the
relative lack of severity associated with increasing the leak area,
however, time history analyses were not considered necessary. The
number of cycles was estimated assuming the outward motion was
approximately twice that of the inward motion for a given number of
cycles. On this basis and assuming 2 <o 4 cycles of strong motion
excitation for a typical eastern U.S. earthquake, median ground
acceleration Tevels of 0.3 to 0.4g wouid be required to dislodge the
piugs. For 0.55g or higher, the Piugs could be dislodged in a
single cycie. A maximum of approximately 8380 square inches of
unfiltered area could exist assuming all plugs without positive
retention are shaken loose and the drop-in and drop-out shield doors
are sheared off.
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4.4 JN-4 CRITICAL EQUIPMENT CONSIDEREL

The primary areas of concern within the IN-4 Plytoniun
Laboratory are glove boxes 20 and 37. in addition, the integrity of
the filters for these glove boxes is also of concern which required
an evaluation of the JN-4 exhuact system. To evaluate the extent
that dispersion of hazardous chemicals due to fire resulting from an
ear'jquake could occur, the natural ges line to the service room and
a hydraulic reservoir located near jlove box 20 were also considered.

Glove box 20 is actually composed of two boxes of similar
construction connected by means cf 20-1/2 inch diameter by 4-inch
Tong by 3/8-inch wall stainless steel tubing as shown in Figure
4-2. The larger of the boxes is shown in Figure 4-3 in more
detail. Both boxes are similar in construction and configuration
with the exception that one is somwhat smaller and has only one
inclined face. The boxes are fabricated of 1/4 inch thick type 304
stainless steel of all welded construction. A 12 x 24 inch
rectangular view panel is provided on the inclinad faces of the
boxes ani two 12-inch diameter view ports are located on each top
surface. One-inch-thick glass plates supported in neoprene gaskets
provide visual access to the box at all viewpoint locations. The
boxes are welded to stands fabricated from 2-inch schedule 40 pipe
sections with adjustaole feet and 2 x 2 x 1/4 inch angle sections.
The glove boxes are attached to the floor by means of brackets as
shown in Figure 4-4. Glove box 37 is of similar construction and
configuration with the exception of lack of the inclined sides.

Both glove boxes 20 and 37 are inerted with nitrogen gas.

Exhaust is by means of a 2-inch diameter copper tube through a HEPA
filter encloced in an 8-inch diameter canister and through another
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2-inch copper tube into the 9-inch diameter exhaust piping as shown
in Figure 4-5, The (ilter is attached to the tubing by clamps and
the tubing provides the only support for the filter. The 9-inch
dicmeter piping leads from the floor mounted filters, through
collection pipe and headers to the final filters which are suspended
from the precast concrete roof channels. The 9-inch exhaust ducts
@re swoported by rod nangers. The final filters, in turn, exhaust
through fans mounted on the roof. As in the JIN-1B facility, the
fans are mounted on vibration isolators to 6-inch-thick concrete
slab. and are separated from both the inlet and exhaust pipes by
flexible connections. The absolute filters for both the floor and
ceiling mounted units are enclosed in frames fabricated frm 2 x 2 x
1/4 inch angle sections held together by 3/8-inch diameter 274
stainless steel turnbuckles. Figure 4-6 shows the configuration of
the floor mounted filters and Figure 4-7 shows the mounting of the
final filters between the roof and ceiling. Figure 4-8 shows &n
overall view of the exhaust duct system in the Main Laboratory part
of the facility,

A 2-1/2 inch diameter black steel natural gas pipe runs
along the block wall between service room and the office area and to
the boiler. The line is supported by rod hangers which are spaced
at 2 to 3 foot intervals. Also, there are hydraulic flyid
reserveirs located at several glove boxes. One of possible interest
is Tocated at the end of glove box 38. This reservoir is 12 x 12 «x
18 inches and is housed in 3/16 inch stainless steel sheet together
with the pump and electrical conduits. The housing is free-standing
on the floor with the reservoir connected to the giove box through
high pressure tubing. Both the gas line and hydraulic reservoir
contribute to the release of hazardous chemicals from seismic events
only in the case of fire with resulting damage to a confinement
barrier such as the gloves of a glove box.
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4.5 JN-4 EQUIPMENT ANALYSIS PROCEDURES

The seismic response capacity of the critical glove boxes
and their associated exhaust filter systems was evaluated in terms
of ground motion levels where overturning of the gloveboxes would be
expected. In addition, the effects of relative end motion between
the glove box mounted filters and the roof-hung pining were
evaluated. The glove boxes and particularly their glass view ports
were investigated with regard to falling objects assuming al
missiles originated at the roof level.

4.5.1 JN-4 EQUIPMENT RESPONSE

The response of the glove boxes was determined by means of
planar lumped mass models simulating the response in the principa’
directions. The response was determined from the ground response
spectra using the WASH 1255 (Reference 7) median alluvial spectr:
with 5% critical damning. The legs were modeled as pin-ended at the
floor level in order to simulate the single anchor bolt and were
modeled as built-in at the bottom of the box to reflect the
1/4-inch-thick gusset plates.

The 8-inch diameter filter housings are attached by means
of 2-inch diameter copper tubing to both the gloe box and the 9-inc
diameter ceiling exhaust duct as shown in Figure 4-5, The response
of the system to inertia loading as well as relative end point
motion was evaluated.

With the exception of the floor mounted filters, the

majority of the JN-4 filter system is suspended in the four foot
space between the roof and the ceiling. This is a compliex system
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with a iarge number of resonant frequencies resulting in the
individual duct elements, major equipment masses, and the overa’’
system modes. The response frequencies of the overall system
suspended below the roof result from both pendulum effects of “he
hangars as well as the stiffening resulting from the floor mounte:
filters which are anchored t- the floor. A rigorous analysis of
this system was not conducted. Ratner, tha frequencies of tne
system evaluated as a planar body at the elevation between the =oof
and ceiling were estimated neglecting the flexibility of the 16-incn
diameter horizontal ducting elements in order to determine the
inertia loads. The ductility requirements to ensure that the syster
will remain intact until building collapse were then determined.

The integrity of the roof mounted motor-driven fans was nc-
investigated since they are downstream of the fina) filters ana
their failure will not affect any confinement barriers.

4.5.2 JN-4 EQUIPMENT OBJECT IMPACT

In the IN-4 facility, breach of confinement resulting fror
missile impact is of primary concern for the critical glove boxes.
Of zarticular concern are the glass view ports. Although buckling
of the glove box shell and legs was alsc evaluated, these aspecss
are somewhat less important. Buckling of a box cam occur, for
instance, vithout rupture of confinment, while buckling of the bo
support stand would result in rupture of the 2-inch copper filter
tube which could occur either upstream or downstream of the filier
with approximately equal probability.
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4.6 JN-4 EQUIPMENT ANALYSIS F:iSULTS

The response of the glo e boxes was determined from the
lumped-mass planar models prev’,usly described. The fundamenta’
iy . encigs computed are all ‘A the range of 7 to 8 hertz. Since
there is 1it.. =ocking of .ne boxex on the unbraced stands, the
frequencies in the two horizontal principal axes are virtually
identical. Some torsion results in glove box 20 due to the stiff
coupling of the smaller and larger boxes (7.5 and 7 hertz uncousied
fundamental frequencies respectively). For all boxes, th failure
was found to be governed by the pullout capacity of the 1/2-inch
diameter anchor bolts. For 5% critical damping and simultaneocus
components of ground acceleration equal to 0.4 times the principal
horizontal input in the other orthogonal directions, the boxes are
capable of withstanding over 3g median ground accelerations in botr
the strong and weak horizontal axis directions.

The response of the 8-inch diameter filters mounted abov2
the glove boxes was evaluated by means of simple beam models wi‘n
distributed mass for the tube and a lumped-mass simulating the
filter. Dynamic input for the system was determined after
accounting for both the glove box and roof mounted piping dynami-
amplification. The simple copper tucing/filter system investigated
has a inertia capapility corresponding to over 8g ground motion for
these conditions. In addition, the system can accommodate relative
horizontal end point motions of over 10 inches. An axial
deformation in the copper tube of approximately 0.47 inches results
with corresponding axial strain in the tubing of .0078 inches/incn.
However, the filter is attached to the tubing by clamps. If thess
clamps should allow slippage under the axial loads, tube buckling
can result as a result of roof drift reversal. This will not cause
a breach of confinement, however,
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At Tow response levels, the exhaust duct system suspended
between the ceiling and roof will exhibit frequencies signicantly
below those of the building structure. At these ground motion
levels (less than 0.08g), the building is quite stiff and the duct
system will behave essentially as though ground mounted with
predominant resonant frequencies in the range of 1 to 3 hertz. Fo-
5 percent critical damping, duct response w'll remain elastic wi*r
relative deformations less than one inch throughout the system, Ac
ground resoonse levels increase, the buiiding structure experiences
nonlirzar behavior with subsequent increase of the building =esponsz
periods. At increased ground acceleration levels, the building
~esponse frequencies will correspond with the resonant frequencies
of the ducting and significant amplification will occur.
Concurrently, the damping of the ducting may be expected to increase
and gaps such as the one between the roof slabs and dampers wil’
open and close and yielding at several locations will occur
resulting in nonlinear response of the ducting as well as the
building. Althougt resonance of the ducting with the building
fundamentals will occur at certain frequencies and acceleration
levels, the inertia loads within tne ducting are less important thzr
the ultimate roof story drift relative deformations when consider:n-
the collapse of the ducting. At near duilding collapse, ductility
requirements of approximately 4.9 are required for N-S response an¢
approximately 4.8 for E-W response. Although these are attainanle
for welded stee) ducting, it is likely that jus prior to building
collapse significant damage in terms of failed hangars, buckling cf
sheet metal and possibly weld failures are expected. This
corresponds to median ground acceleration levels of 0.23g in the N-S
direction and 0.17g in the E-W direction; both of which have return
periods well beyond 2,000 years.
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Failure of a glove box can result from crushing or fracture
of the viewports from free-falling objects originating at the
ceiling or roof. The free-fall height for these cases is six to ten
feet to the top of the glove box. The most critical items from
falling object damage are the 12-inch diameter horizontal plate
glass viewports. The weight of missile these viewports can
withstand depends to some extent on the missile hardness as
reflected in the rise time of the impact pulse. For "hard" objects
with pulse durations of the order of 0.001 seconds, objects of
approximately 8 pounds originating at the roof can be expectecd to
cause fracture of the glass. For "soft" objects with a pulse
duration of approximately 0.005 seconds, the flexibility of the
neoprene gasket becomes effective and mis:ile weights in the range
of 27 pounds are required for fracture. The 12 x 24 inch
rectangular viewports on the inclined faces were calculated to
withstand falling objects with weights .. =~ = 24 to 44 pounds for
pulse durations of from 0.001 to 0.003 seconds.

Buckling of the glove box structure was calculated to occur
from impact of objects in the range of 80 to 150 pounds and leg
buckling from objects of approximately 120 to 460 pounds for one ¢
four legs, again assuming a 0.005 secona pulss. Breach of
confinement due to box buckling will not necessarily result unless a
viewport is fractured or a glove is torn. However, deformations in
the region of the 8-inch diameter HEPA filter in excess of
approximately one inch will likely cause the filter clamps to be
pulled lToose and thus expose a 2-inch diameter path to the
atmosphere. The weight of one concrete channel roof slab is
approximately 500 pounds.

\,5623 1 3
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The natural gas line to the boiler in the JN-4 service room
s suspended on nangars at intervals of 2 to 3 feet. The line
passes through the 01d Lab portion of the building which was not
evaluated. Fire resulting from collapse of the structure and
resulting rupture of the natural gas line could occur at ground
acceleration levels in the range of 0.26g for E-W direction
excitation. Another possibility for fire exists at the hydraulic
reservoir, Sliding of the reservoir on the floor is not calculated
to occur at levels below the roof collapse. Thus, even if fire
should result, it would not be expected to occur until collapse of
the glove boxes from building collase occurs.
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3. SUMMARY OF RESULTS AND STRUCTURAL DAMAGE SCENARIO

This section presents a summary tabulation of the results
of the analyses previously described and presents the interpretation
of these results in terms of a structural damage scenaric which
describes the progression of expected damage to the BMI facility
with increasing intensity of earthquake ground motion.

Table 5-1 presents a tabulation of the critical seismic
capacities of the structural and equipment systems evaluated during
the Task Il effort. These capacities are associated with probable
structural collapse and as such establish the ground motion
acceleration levels associated wtih probable release of hazardous
material. The High Energy Cell in the JN-1B8 facility has a
substantially greater seismic capacity than the steel frame
structure which encloses it. Furthermore, collapse of the steel
structure is unlikely %o significantly damage the cell. The
equipment associated with the HEC exhaust system was alsc shown to
have a higher seismic capacity than tne building structure.
Therefore, the seismic ground motion which causes collapse of the
JIN-18 building will result in an unfiltered leak path to the cell
only. Evaluation of the glove boxes and exhaust piping/ductwcix in
the JN-4 Plutonium Laboratory indicates that these equipment systems
also have ground acceleration capacities in axcess of the building
structural collapse capacities. However, the equipment systems
cannot withstand the impact of the falling weight of the collapsing
structure. Thus, for the IN-4 facility, these ground motion
acceleration capacities represent the level of seismic motion which

Causes virtually complete loss of confinement for hazardous
materials.
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The analyses of structural capacity were conducted using
median material strength properties and median estimates of dynamic
response to ground shaking. Based upon the assumption that the
important contribiuting variables are approximately lognormally
distributed, the calculated upper and lower bound capacity values
represent and estimated one standard deviation variation. The
median capacity values represent the evaluation of the various
systems as they currently exist in the BMI facility.

For breach of primary confinement boundaries to occur in
any BMI facility or component, median ground motion acceleration
levels in excess of 0.17g must occur. This level is above that upon
which sufficient data are available to base reliable return periods
(Reference 5). Thus, accurate estimates of the return periods for
loss of confinement o the various critical systems, and for all
ground motion acceleration levels ahove 0.14g (T = 2,000 years)
return periods are quoted as "greater than 2,000 years". The
following scenarios present a general description of behavior of the
structures and equipment resulting from increasing ground motion
acceleration. The scenarios are based upon the median predicted
capacities of the BMI structural systems.

GROUND SHAKING OF 0.03 to 0.09q (T = 70 to 700 years)

At ground acceleration levels helow 0.03g all structures
and equipment will behave elastically and there will be no
significant effects resulting from an earthquake. At 0.03g in the
E-W direction, the diaphragm action in the JN-4 roof will begin to
be lost and slipping of the concrete channelz will oceur. At 0.04q
N-S excitation, plastic hinges will begin to form at the base of the
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columns along column line F, and the diaphragm action in the roof
will be lost at 0.076g for N-S excitation. Plastic hinges will
oegin to form along column line 7 for E-W excitation at
approximately 0.09g. Both horizontal and vertical cracking of the
masonry will occur with some vertical cracks remaining open after
the disturbance. Breaking of windows will occur in the JN-4
building but no significant damage will result in the critical
equipment.

In the IN-1B facility, cracking at the base of the exterior
walls will occur at about 0.08g. At this same ground leve' for N-S
excitation, yielding of bolts will occur in some of the diagonal
member connections of the roof truss. At 0.08g E-W excitation,
yielding of the bolts in the diagonal member of the north wall
braced frame will occur. Again no damace of any structure or
equipment which could Tead to release of hazardous chemicals will
result in the JN-1B facility for ground motion levels in this range.

GROUNC SHAKING OF 0.17 to 0.23g (T = 1100 to Greater than 2,000
Years)

At 0.11g ground excitation in the E-W direction, buckling
of the diagonal member occurs in the north wall braced frame of the
JN-1B building and the lateral forces must be resisted by the
remaining south and west walls and crane framing. At 0.23g rigid
body rocking of the HEC reaches the point at which uplift of tne
footing begins. The structural integrity of the cell will remain
intact, however, and no structural failure of the cell's filter and
exhaust system is expected at these ground motion levels,
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TABLE 5-1

SUMMARY OF CRITICAL SEISMIC CAPACITIES

Ground Acceleration Capacity (g)

Structural and Equipment Damage Lower Median Upper
Buckling of the Diagonal Member 0.08 0.1 0.15
in the JN-1B North Wall for E-W

Excitation

Collapse of the Steel Framina and 0.1 0.17 0.26
Roof of the JN-4 Main Lab for E-W

Excitation

Initiation of Uplift of the HEC 0.18 0.23 0.3
Collapse of the Steel Framing ard 0.i7 0.26 0.38
Roof of the JN-4 Main Lab for N-S

Excitation

Loss of Roof Truss and Collapse 0.17 0.3 0.54
of JN-18 Frame

Shaking Loose of HEC 0.21 .35 0.55
Shield Pluas

Overturning of the HEC _ > 3 _
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