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SYNOPSIS - TASK II

This report presents the results of the Task I -- Structural
Capacity Evaluation of the Atomics International Nuclear Materials Develop-
ment Facility (NMDF), located at Santa Susana, California. The purpose of
the Task II effort was to evaluate the structural capacity of those building
structures and critical equipment components which could potentially re-
lease hazardous chemicals into the environment from the NMDF facility as a
result of damage or failure during an earthquake or flood. The NMDF site,
however, is not subject to flooding. Therefore, the structural capacity
evalvation is limited to seismic loading conditions.

The Task II effort focused primarily on the building structure
as representing the final confinement barrier for release of hazardous
chemicals. The designated process equipment such as glove boxes and exhaust
ducting were also evaluated for structural capacity. The loss of primary
confinement due to (1) direct glove box failure, or from (2) indirect glove
box damage caused by interaction with adjacent equipment and connections,
is identified as the ultimate mode of release resulting from extreme earth-
quake hazard. The structural capacity of the building structure and associ-
ated equipment systems as related to the ultimate mode of release are ad-
dressed in this report. Operational and functional aspects of the facility
are not addressed in this report.

The NMDF is a one-story windowless tilt-up concrete building
with a Tightweight concrete-fill steel roof deck with roof beam support,
and a concrete floor slab on grade. The building is rectangular in plan
with a length-to-width ratio of 3.25:1 (Figure 2-1). Deviations from
structural symmetry include the vault, mezzanine, and difference in wall
thickness for the north wall. The vault is located on the exterior side



of the west wall and is a cast-in-place concrete box. The small mezzanine
(partial second floor) area is located adjacent to the west wall.

The lateral force resisting system is a shear wall box system
tied together by a relatively flexible steel roof diaphragm. The diaphragm
consists of light weight concrete-fill on steel decking welded to the main
roof beams and is connected to the shear walls by welds to the peripheral
steel chord members which are anchored to the walls at the roof line.

The structure may be considered to resist seismic forces as two independ-
ent systems; one for each major building direction, north-south and east-
west. Due to the diaphragm flexibility and large length-to-width ratio,
torsional coupling of the two systems will be negligible. For both
systems, the roof and the tributary wall inertia i¢ transferred to the
active panel shear walls by the diaphragm acting as a deep beam with
chord flanges. The vault is weakly coupled tu the east-west system
through flexure of the above vault wall panel (See Figure 2-3). The
in-plane wall seismic shear forces are transferred to grade through

the individual spread footings and through the building floor slab. The
slab is positively connected to the wall panels near the wall base for
this purpose.

The evaluation of the structure, in terms of ground acceleration
capacity, utilized simple finite element dynamic models to issess the com-
ponent stress levels associated with a given level of ground motion. The
controlling collapse capacities (0.60 - .87g) were all associated with loss
of diaphragm support for the west and east walls. Once the diaphragm re-
sistance 1s lost, the roof girder/column pin-jointed frames with attached
wall panels will progressively collapse after only a few cycles of motion.
The median seismic capacity of the east-west force resisting system is
0.60g. Based upon the statistical uncertainty bound analysis, the estimated
lo standard deviation upper and lower bound seismic capacities are 0.88g
and 0.4g respectively.
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The interior partitions and secondary architectural systems in
the critical areas do not sustain major damage prior to diaphragm failure
and, therefore, are not themselves critical in terms of release of hazard-
ous material.

The ecuipment items exhibit a higher structural capacity than
the structural system and are generally only affected by total facility
collapse or by the large relative displacements between the floor and the
roof which occur just prior to collapse.



1. INTRODUCTION

This document presents the results of the structural evalua-
tion of the Atomics International Nuclear Materials Development Facility
(NMDF), located at Santa Susana, California. The report is submitted in
accordance with Contract No. 5453703, dated 2 May 1977, between Lawrence
Livermore Laboratory (LLL) of the University of California and Engineer-
ing Decision Analysis Company, Inc. (EDAC). The Task II Structural
Evaluation and prior Task [ Condition Documentation by EDAC (as defined
in the referenced contrict) are part of an overal! natural hazards evalua-
tion (Reference 1) performed by a group of consultants expert in the
various hazard fields. The study is sponsored and directed by the Fuel
Reprocessing and Recycle Branch of the United States Nuclear Regulatory
Commission (USNRC). The natural hazards study includes evaluation of
several facilities at different locations within the United States.

EDAC is responsible for the structural evaluation of these facilities
for both earthquake and flood induced loadinos.

Atomics International (Al) maintains and operates the

Nuclear Development Field Laboratory (NDFL). The NDFL is located at the
site of the Liquid Metals Engineering Center at Santa Susana, California
in the Simi Hills of Ventura County, approximately 29 miles northwest of
downtown Los Angeles. The building of interest for the Natural Hazards
Study within the NDFL is Building 055, denoted as the Nuclear Materials
Development Facility (NMDF). The NMDF was constructed within the period
1966-67.

The evaluation of possible flooding at the NMDF site
(Reference ?) has indicated that the site is not subject to flooding.
Consideration of local precipitation flooding indicates that a depth
of flow less than six inches should be expected due to a one-hour
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Probable Maximum Precipitation event. Existing drainage facilities are
assumed adequate to handle such a flow. Therefore, the analyses discussed
in this report consider only seismic loading conditions and focus on

those portions of the structure and designated critical equipment items
which can result in the loss of a confinement barrier for hazardous
chemicals.

The structural evaluation effort was broken into two phases
or tasks. The Task I effort encompassed the documentation of the present
condition of the NMDF facility including a review of drawings and specifi-
cations related to the structure and critical equipment. The Task [ report
(Reference 3) identified the critical locations within the facility, pre-
sented details of the critical process equipment, the structural systems
which are able to carry lateral loads, and described the analysis procedures
which would be subsequently used in the Task Il seismic capacity evaluation
of the NMDF facility. In addition to providing a data base for structural
evaluations by EDAC, the Task I condition documentation is intended to pro-
vide structural data for the extreme wind load evaluation by other consul-
tants.

The Task Il effort encompasses the analysis of the building
structure and all critical equipment in order to establish the ground
motion acceleration which causes the structural or critical component to
collapse or to result in loss of confinement of hazardous chemicals.
This report describes the results of the Task II analyses which are pre-
sented in the following sections.

Section 2. Facility and Site Description
Section 3. Evaluation of Structural Behavior
Section 4. Evaluation of Critical Equipment
Section 5. Structural Damage Scenario
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Section 2 presents a brief discussion of the AtomicsInter-
national facility layout, its critical areas and general structural
dascription, together with a brief discussion of the general seismicity
of the region. Section 3 presents the seismic capacity evaluation of the
building structure 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 behavior models together with the
analysis results pertaining to the collapse or confinement breach of the
building structure. Similarly, Section 4 presents the evaluation of the
critical equipment items, again describing the analysis procedures and
the results. Section 5 summarizes the capacity evaluation of the NMDF
facility by means of the presentation of a seismic structural damage scen-
ario which describes the potential damage to the facility at various
acceleration levels of seismically induced ground motion.

1-3 EDAC



2. FACILITY AND SITE DESCRIPTION

This section of the report presents a brief discussion of the
structural information pertinent to the Task Il seismic capacity evalua-
tion of the Atomics International NMDF Facility. A general structural
description of the NMDF building is given together with an identification
of the critical areas and a discussion of the site seismicity. The inter-
ested reader is directed to the Task ! Report (Reference 3) where infcrm-
ation concerning the structural conditiorn of the facility is given in more
detail.

2.1 GENERAL STRUCTURAL DESCRIPTION

The NMDF is a one-story, windowless tilt-up concrete building
with a lightweight concrete-fil'! steel roof deck with roof beam support,
and a concrete floor slab on grade. The building is rectangular, approxi-
mately 62 feet by 202 feet in plan dimension and 17 feet high (above grade).
The general layout of the building is indicated in Figurs 2-1. All of the
work directly related to fuel processing is carried out in the large glove
box room which is separated from the remaining portion of the building by
gypsum board/steel stud partitions. The vault is located on the exterior
side of the west wall and is a cast-in-place concrete box extending approxi-
mately 11 feet above the finished floor line. A small mezzanine (partial
second floor) area is located adjacent to the west wall.

The primary vertical load resisting system of the NMDF build-
ing is a steel roof deck supported by transverse stee! roof beams spaced
at 20 foot intervals which are simply supported by steel building columns
along the east and west exterior walls. The columns in turn bear upon
reinforced concrete spread footings resting on the natural soil materials.
The footings are founded at least 1.5 feet below the natural soil surface.
Floor slabs are supported on compacted fill. The foundation plan of the
building is shown in Figure 2-2.
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The lateral force resisting system is a shear wall box system
tied together by a relatively flexible steel roof diaphragm. The diaphragm
consists of light weight concrete fill on st2el dicking welded to the main
roof beams and is connected to the sheir walls by welds to the peripheral
steel chord members which are anchored to the walls at the roof line.

The major structural elements of the NMOF building are identified in the
isometric view of the strucutre shown in Figure 2-3.

The concrete tilt-up panels are tied together to form continuous
shear walls by means of concrete insert connections welded to the main
building columns. The tilt-up panels also bear on the main building column
fsolated spread footings. The wall panels are not supported on foundation
beams or walls, but rather span between each footing. However, ties be-
tween each wall panel and the floor slab are provided around the entire
building periphery. Exterivr building elevations are shown in Figure 2-4
with a typical precast wall panel and section shown in Figure 2-5. Typical
roof diaphragm/wall connection details are shown in Figure 2-7.

Although the vault and mezzanine are not part of the primary
wall/diaphragm lateral force system, their effect on overall system dynamic
response must be considered. A section of the vault it shown in Figure 2-8
The portion of the vault precast panel above the vault roof is six inches
thick while the portion below the roofline is nine inches thick. The re-
mainder of the vault enclosure is nine-inch cast-in-place reinforced con-
crete. The mezzanine floor is a seven-inch concrete slab supported by
steel decking which spans across the beam and pipe column support system
shown in Figure 2-9. It should be noted that the lateral force resistance
for the mezzanine floor and vertical support frame is provided entirely by
the exterior columns and attached wall panels.

2.2 CRITICAL AREAS

The NMDF has been used in the past for a number of different
processes related to fuel development which involve hazardous chemicals.
Both mixed oxide and mixed carbide fuels have been handled within the facil-
fty. The most extensive past program involved development of mixed carbide
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fuels and the current process configuration is for fabrication and proces-
sing of mixed carbide fuels. For purposes of the overall natural hazards
study, critical areas are those locations in which hazardous chemicals

are processed or stored in a dispersible form which makes loss to the out-
side possible should the confinement barriers be breached. Similarly,
critical equipment is equipment which is used to process materials which
include hazardous chemicals in dispersible form and whose structure serves
as a primary confinement barrier.

The primary focus of the Task II effort is upon the building
structure (final confinement barrier), architectural walls or partitions
(secondary confinement barrier), and glove box equipment (primary confine-
ment barrier) associated with the critical areas. The loss of primary
confinement due to (1) direct glove box failure, or from (2) indirect
glove box damage caused by interaction with adjacent equipment and con-
nections, collapsing structural elements, or structure supported equipment
components, is identified as the ultimate mode of release resulting from
extreme earthquake hazard. The structural capacity of the building struc-
ture and associated equipment systems as related t: the ultimate mode of
release are addressed in this report. T continuity of operation of the
facility and other functional aspects (safety related) affected by earth-
Quake hazard are not discussed.

The areas of the NMDF identified as critical (Reference 4) for
the handiing of hazardous chemicals are the glove box room and the storage
vault. The location of these critical areas are shown in Figure 2-1. The
vault area is of secondary concern, with the prime concern being focused
upon the glove boxes which process the hazardous chemicals in disper-
sible form. The confinement barriers for the glove box room consist
of the process glove boxes as primary confinement barriers. the building
walls and roof 3s final barriers, and nonstructura) gypsum board/stee!
stud partitions as secondary barriers. Within the vault area, primary
and secondary confinement is provided by the storage canisters in which the

1361 202
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hazardous chemicals are stored. The canisters are supported on racks
anchored to the vaylt wall and floor. Fina! confinement for the
storage vault is provided by the vault walls and roof.

2.3 SITE SEISMICITY

The NMFL site is situated in an isolated pocket in the Simi
Hills of Ventura County, California. The site may be generally described
as an irregular plateau covered by a thin layer of alluvial deposits with
rock outcroppings above the more level patches and with peripheral eroded
gullies. The area surrounding the site is rugged terrain typical of moun-
tain areas of recent geological age. The NMDF building site is at an ele-
vation of 1814 feet above sea level and is underlain by approximately 14
feet of silt-clay soil on sandstone.

A seismic risk analysis of the NMFL site was conducted by other
consultants in order to define the ground motions which the facility could
be expected to encounter. The results of this risk analysis are presented
in Reference 5 and indicate that the site is in a region which historically
has a high Tevel of seismic activity. Based upon a probabilistic approach
(Reference 5) peak seismic ground acceleration levels within the range of
0.18-0.25g are associated with a return period of 10 years, 0.28-0.41g are
associated with a return period of i00 years, and 0.53-0.75g are associ-
ated with a return period of 1000 years. The shaking effects of ground
motion were considered by specifying the general shape of statistically-
based response spectra. The median spectra presented in WASH 1255 (Refer-
ence 18) for rock sites were judged (Reference 5) to be appropriate for
the structural evaluation of the Al facility.
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FIGURE 2-6. TYPICAL WALL PANEL CONNECTION DETAILS
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3. EVALUATION OF STRUCTURAL BEHAVIOR

This section of the report presents a4 disc.ssion of the analysis
of the NMDF building structure including an identif cation of the lateral
force resisting systems and the analysis procedur:s used in the evaluation.
Again the interested reacer is directed to the (ask | Report (Reference 3)
where information concerning the key structural details is given in more
detail . A description of the structural models utilized for analysis
together with the analysis results is presented in this section.

3.1 STRUCTURAL SYSTEMS

The seismic lateral force resistance of the NMDF building struc-
ture is provided by a shear wall box system tied together by a steel roof
diaphragm. The building is rectangular in plan with a length-to-width
ratio of 3.25:1. Deviations from structural symmetry include the vault,
mezzanine, and difference in wall thickness for the north wall. The struc-
ture may be considered to resist seismic forces as two independent systems;
one for each major building direction, north-south and east-west. Due to
the diaphragm flexibility and large Tength-to-width ratio, torsional
coupling of the twc systems will be negligible. These two systems are shown
in schematic plan-view in Figure 3-1. For both systems, the roof and tribu-
tary wall inertia is transferred to the active panel shear walls by the
diaphragm acting as a deep beam with chord flanges. The vault is
weakly coupled to the east-west system through flexure of the above vault
wall panel. For north-south motion, the vault provides additional shear
stiffness to the west wall but also provides considerableadditional mass
which must be resisted for north-south ground motion. The in-plane wall
seismic shear forces are transferred to grade through the individual spread
footings and through the building floor slab. The slab ispositively con-
nected to the wall panels near the wall base for this purpose. In-plane
wall seismic overturning (bending) forces are transmitted to the ootings
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as axial forces through the cclumn base connections. The necessary soils
data required for estimation of the soil compliance due to the footing

and slab reactions was discussed in the Task I Report. It may be generally
observed that for east-west ground motion, a much smaller length of shear
wall must resist approximately the same level of seismic inertial forces

as would occur in the north-south direction. Thus, based upon geometric
layout considerations alone, the east-west resisting system will be the
controlling-lowest capacity system.

Both tributary gravity roof load and vertical seismic forces
are transferred directly to the columns by roof girders (27 inches deep)
which span the width of the structure without intermediate support

3.2 STRUCTURAL ANALYSIS PROCEDURES

A general discussion of the analytical approach used in the Task
IT analyses of the building structure follows. The procedure relating to
the determination of uncertainty bounds is presented in Appendix A and is
discussed more extensively since it was not included in the Task I Report.

3.8, 1 Modeling Considerations

The synthesis of a mathematical mode! which represents the
physical behavior of a buildine siructure subjected to earthquake ground
motion requires the idealization of the effective structural behavior of
an assemblage of structural components an. the appropriate lumping of dis-
tributed building mass (weight). As previously discussed, the NMDF build-
ing lateral force resisting system may be idealized as a shear wall box
system tied together by a flexible roof diaphragm. The precast exterior
panel walls may be idealized as monolithic shear walls. The discrete
modeling of box-type structures with low height-to-width ratio must con-
sider the effects of shear-lag (Reference 6) on overall wall resistance to
in-plane lateral force. Application of the relationships outlined in
Reference 6 allows the effective wall flanges to be defined for each of
the primary lateral force systems as shown in Figure 3-1. Thus, each
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wall tends to behave as a short cantilever channel section with negli-
gible influence on the structure response in the orthogonal horizontal
direction.

The roof diaphragm may be idealized as a two-flange deep beam
spanning between the cantilever shear walls. The beam web is the meta)
roof decking (and insulating lightweight concrete fill) with the peri-
meter steel chords and an effective portion of transverse wall acting as
the beam flange. The precise determination of diaphragm flexibility can-
not be accomplished, since metal diaphragms are not designed using princi-
ples of structural mechanics, but rather are qualified by static testing
to failure (Reference 7). Design values of allowable in-plane shearing
forces are obtained by dividing the ultimate test load at failure by an
appropriate factor of safety (usually taken as FS = 4.0). The stiffness
(inverse of flexibility) of diaphragms has been estimated (References 8
and 9) using empirical relationships developed from qualification testing
conducted on a wide range of metal diaphragm types. The stiffness of the
Al steel roof deck with lightweight insulating concrete fill was estimated
using the formulas given in Reference 9. Using the definitions of Refer-
ence 9, the Al roof deck was judged to be "flexible" in functioning as a
diaphragm to distribute lateral forces in the plane of the roof. Because
of the diaphragm flexibility and general symmetry of the NMDF building
with regard to mass and structural rigidity, overall torsional effects
will be minimized and building response to ground motions can be evaluated
independently for each major orthogonal horizontal direction of the build-
ing, north-south and east-west.

The behavior of cantilever single story concrete shear walls
with numerous openings is an area which has not been addressed adequately
in recent earthquake engireering research (Reference 10). In design
practice, one-story shear walls are often idealized as an assemblage of
fixed base piers tied together with a deep spandrel beam (References 1]
and 12). Finite element studies (Reference 13) of one-story shear walls
have shown that the flexibility and stress distribution within walls with

1361 213

3-3



several openings differs considerably from the assumptions of pier be-
havior governed by beam theory. For the east-west resisting system, the
south wall will be the controlling wall (Towest collapse capacity) be-
cause of the largernumber of openings it has as compared to the north
wall (Figure 2-4) and also because it is thinner. Since the support
conditions of the walls differ considerably from fixed base conditiu s
(vertical support of the panel walls is provided only at each footing),
an independent finite element static analysis of the south wall was con-
ducted using the EDAC/MSAP computer program which is a version of the
general structural analysis computer program SAP IV (Reference 14). The
wall model and shear loading is shown in Figure 3-2 while the exaggerated
deflection shape and the critical regions resulting from the unirormly
distributed shear force applied at the roof line, is shown in Figure 3-3.
A more complete discussion of this subsidiary analysis is presenicd in
Appendix D. As indicated in Figure 3-3, the cricical wall component is
the equivalent “tee" shaped frame formed by the spandrel and pier which
connect two relatively rigid wall segments.

For low rise shear wall structures, foundation soil com-
pliance can influence the overall dynamic response. The more dominant
effect, however, is the relaxation of wall base fixity at the foundation
Tevel. A reasonable procedure to adjust the stiffness of an otherwise
fixed base mode! is to consider the distribution and compliance of the
individual wall footings represented by a series of equivalent tran-
slational and vertical soil springs. The stiffness of the individual
soil springs may be estimated using relationships such as presented
in Reference 15 for rectangular footings resting on the soil surfaces.
For the NMDF building, the equivalent soil springs under the individual
spread footings were based upon the estimated elastic properties of
the supporting soil developed in the Task | report. The effects of
footing embedment (References 16 and 17) were included in the compliance
estimate. It should be noted that the soil springs were included in the
models to assess the effect on wall stress distribution, not to mode!
soil-structure interaction feedback effects.
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The distribution of mass was accounted for in the NMDF build-
ing models by simple discrete lumping. The equivalent lumped masses
were assigned to the mode! node points, formed by the structural ele-
ment idealizations, in proportion to the tributary area of building
components supported (in cerms of lateral force support) by the struc-
tural elements. The diaphragm is sufficiently flexible so that hori-
zontal response amplification occurs for the roof and its contributing
inertia. Therefore, a model for east-west shaking was developed
which considered both the north and south walls and the connecting
flexible diaphragm. The effect of the flexible diaphragm on the out-
of-plane support at the top of the east and west walls was included as
well as the interaction of the vault and mezzanine. For north-south
shaking it may be observed that the capacity of the west wall is lower
than that of the east wall due to greater tributary mass and more wall
openings resulting in less net shear area. Thus, only the west wall was
modeled with one-half of the flexible diaphragm. Because of the rela-
tive simplicity of the structural systems, simple lumped mass models
were used to approximately determine dynamic response. The second order
effect of rotary inertia of the wall elements was not included in the
medels.

In two cases, elements were considered to act independently
of the overall building response. First, the vertical response of the
roof beams (girders) subjected to vertical ground motion accelerations
at their supports were analyzed assuming a simple beam dynamic model.
Second, transverse (out of the plane) bending response of the wall panels
was considered based on the model of a plate (wide beam) simply supported
on two edges.
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3.2.2 Inelastic Behavior

In order to determine the seismic ground accelerations which
could cause failure or collapse, behavior in the irelastic range must
be considered. The nonlinear response of shear wall :ystems is general-
ly small compared with other structural systems due to fewer energy
absorption and ductility mechanisms. Sources of nonlinear response
prior to collapse of such systems come from cracking of roncrete and
yielding of steel and from working or tearing ot connections. Where
significant cracking of concrete and steel yielding is involved prior
to collapse; energy absorption is enhanced. For the NMDF building,
Tocal failure of connections governs the failure of the precast wall-
roof system with corresponding low ductility. Significant degradation
is not expected in the system under repetitions of earthquake motions.

The modal spectral method of dynamic analysis is appropriate
for the determination of response of the NMDF building as represented
by Tumped mass models. A non-degrading system such as described, with
Tow energy absorption capacity and geometrically no particular weak
point (i.e., a relatively uniform system), is well suited to analysis
by the approximate nonlinear spectr.l-method (References 20 - 26). 'n
this method, the elastic response spectra which define seismic input (and
are used to calculate elastic system response) are modified to account
for hysteretic energy absorption in the nonlinear system. The nonlinear
analysis procedure 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 ratio of the maximum response deflection of a single-
degree-of-freedom structure to its yield point deflection. The pro-
cedure for altering elastic response spectra to account for nonlinear
behavior was illustrated in the Task | report and further background
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may be found in References 23-25. The spectral acceleration reduction
factor, R, 15 a function of the system ductility factor, u, within each
spectral region. The factor R is taken as unity for the ground acceler-
ations portion of the response spectrum, 1/vﬁﬁ:7-for the amplified acceler-
ation spectral region and 1/u for the spectral velocity and spectral dis-
placement regions.

Many references are available to assist in judging approoriate
damping znd ductility levels to represent response at the point of incipi-
ent collapse in the nonlinear analysis. In particular, References 24 and
26 report values of ductility and damping for various systems which may
be used as guideline values. On the basis of values found in these refer-
ences and engineering judgement, upper and lower bound (one standard devia-
tion) and median values for ductility and damping were selected. The selec-
tion of these factors involved a comparison of the NMDF shear wall system
with standards systems for which the referenced values are tabulatea. The
selected damping and ductility factors are given in Table 3-1.

Table 3-2 provides damping ratios and ductility factors which
are appropriate for the independent analysis of the roof girders and wall
panels considered as separate structural elements. Again the selection
is based on judgement using the referenced values as guidelines.

It should be noted that the ductility method of analysis is
an approximate method for assessing nonlinear response and capacity of
structural systems. The method was judged in Reference 24 as the most
practical state-of-the-art method for nonlinear analysis of buildines.
The justification of the method for multi-degree-of-freedom systems is,
however, on a heuristic basis. The values of "system ductility" selected
must be in}eroreted as a means of allowing the overall hysteretic energy
dissipation of the structural system to be included in the response analysis.
The values of “system damping" selected represent the non-hysteretic mech-
anisms of energy dissipation in dynamic response and are associated with
stress levels at or just beluw yield point values.
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The definition of the seismic ground motion input for the NMDF
site is provided (Reference 5) by elastic response spectra. The horizontal
and vertical spectra used in the analysis were based upon the median data
for a rock site resulting from the earthquake ground motion study presented
in Reference 18. The resulting analysis response spectra, normalized to
1.09 peak horizontal ground motion, for ductility ratios of 1.0 (elastic),
2.0, and 4.0 are shown in Figure 3-4, Also included in Figure 3-4 is the
vertical response spectrum, normalized to 0.67g peak ground motion, for a
ductility factor of 6.5.

3:8.3 Seismic Capacity Estimates

Given a capacity criteria in terms of internal stress or deflec-
tion for a selected key structural element or connection, a capacity force
resultant Fc. was directly obtainable using relations of encineering mech-
anics. For most of the details and elements investigated for structural
capacity, the seismic response to greund motion was obtained from the
overall dynamic analysis of the building. The forces within key elements
(or connections) due to a ground acceleration of 1.0g were obtained from
the modal spectral analysis of the building models using the spectrum
(median) given in Figure 3-4 for damping, 3, and ductility factor, u. The
modal components of force within an element, Fm,!g' were combined using
the square-root-sum-of-square (SRSS) procedure to obtain an estimate of
the element median resultant force due to dynamic response:

Fspss.16 * % (Fm,19)° (3-1)

The around acceleration capacity, Ag. for the element or connection under
consideration, is then given by:

Ag * FC/FSRSS.lg (3-2)



For components or connections affected by ground motion ortho-
gonal to the principal direction of each lateral force system or affected
by vertical ground motion, consideration of concurrent ground motion was
necessary to allow for additional stress effects. For those elements af-
fected by .oncurrent motior, from various directions, the procedure sug-
gested in Reference 19 was utilized. The median element force resultant
corresponding to 100 percent of the motion in one direction of response
was combined with 40 percent of the resultant due to response in the
other orthogonal directions by addition of the absolute values. This pro-
cedure of superimposing reduced element force resultants, caused by con-
current motion, reflects the fact that input excitations in the threc
directions are not necessarily of the same magnitude, and that the res-
ponse maxima do nmot occur simultaneously. Thus, sincea peak vertical
motions are on the order of 1/2 to 2/3 of peak horizontal motions (Ref-
erence 19), a maximum value of vertical motion of 25 percent of the peak
horizontal motion was considered to act concurrently with each component
- of horizontal ground motion for the evaluation of each lateral force system.

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. For assemblages of
structural elements, the formation of collapse mechanisms due to regicns

of localized yielding was also considered. The formation of the hinging
regions was governed by the yield strength of the given material and the
geometry of the assemblage of structural elements. The determination of
the structural material properties for the structural elements of the NMDF
building was part of the Task I effort. The estimated upper bound, median,

and lower bound values of material strength are tabulated in Reference 3
(see also Appendix E).

The determination of concrete element capacity was, in general,

based upon the ultimate strength design provisions of References 31 and
32. The failure criteria for ultimate flexure and/or shear capacity
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for a concrete element was the same as utilized in Reference 31 with an
increase to a median value corresponding to the increase from the nominal
design value to the median value of ultimate compressive strength fé. How-
ever, the capacity reducticn factor, ¢, was assigned a value of unity for
the NMDF evaluation. This factor is a safety factor to account for effects
of material properties and construction practice in design. The effect

of construction variables on actual concrete capacity was considered by
utilizing a correction factor centered on a median value of unity, with

a lower bound and upper bound value of 90 percent and 11]1 percent, re-
spectively.

The ultimate static pull-out and shear criteria, including prox-
imity and free-edge effects, for concrete inserts was based upon relation-
ships and test data presented in References 32-34. The dynamic (seismic)
ultimate capacities for concrete inserts were taken as 80 percent of the
single cycle static ultimate value. Tests have indicated that no signifi-
cant degradation in strength occurs under cyclic Toadinc. ovelow 80 percent
of the static ultimate but that degradation and failure are rapid for
lToadings above the 80 percent level (References 36-38). Combined pull-
out and shear capacity of inserts was estimated using the ultimate strength
interaction relation given in Reference 34.

The ultimate interface shear transfer (shear friction) capacity
at concrete-to-concrete joints was estimated after review of References
36-45. Tests have shown that interface shear transfer capacity is a
function of the parameter, ofy. where o is the ratio of net reinforcing
steel area crossing the joint to the gross concrete area and fy is the re-

“inforcement yield strength. However, very few tests have deen conducted
for low steel/concrete ratios (o = 0.001) typical of the NMDF building
concrete ‘oints. Thus, based upon the relationships suggested in Reference

39, an es imate of the snear transfer capacity was assumed t7 be given by
the relationship,
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where v is the equivalent ultimate concrete shear stress for the inter-
face joint. Cyclic loading tests (Reference 37) have indicated that no
significant degradation in interface shear transfer capacity occurs below
80 percent of the static ultimate capacities. Thus, the dynamic (seismic)
ultimate shear transfer capacities across concrete joints were taken as

80 percent of the estimated static capacity bounds.

The ultimate strength capacities of structural steel elements
and connections were estimated using the requirements of Reference 46
and the general recommendations and guidelines given in Reference 47.
The capacity of column anchor bolts in combined tension and shear was
estimated using the classical elliptical interaction curve (Reference 47).

ds discussed previously, the ultimate capacity of diaphragms
is determined by prototype testing to failure. However, no tests have
been conducted on diaphragms with the extreme length-to-width ratio of the
NMDF building nor have tests been conducted on diaphragms with insulating
concrete fill (35 ~ 40 1b/cu ft). Thus, the capacities of all internal con-
nections and details of the diaphragm were assessed and compared to the
design shear, Q4 (expressed in terms of a shear flow or lbs/ft for a
bare deck without fill) multiplied by a factor of safety, FS, of four.
The Tongitudinal seam welds of the diaphragm were found to control the
internal capacity of the diaphragm with a capacity estimate approximately
given by 9q X 4.5¢. Comparison of computed shear values using relation-
ships given in Reference 8 for similar diaphragm decks, with and without
lightweight concrete fill, indicated that the presence of the fill in-
creased the shear capacity of the diaphragm by a factor of 4.48 compared
to the des jn shear for bare decking. Thus, an estimate of internal
diaphragm shear capacity was taken as the average of the above,

YeapaciTy * 9g X 4.40



for the NMDF building roof. The capacity of the diaphragm peripheral
connection welds and diaphragm chords (acting as beam flanges) were
assessed independently as structural steel connections (Reference 48).

The racking damage threshold for the interior partitions (archi-
tectural elements) due to imposed relative displacement between the roof
and floor slab was estimated based on the test data summarized in Reference
49,

3.2.4 Uncertainty Bound Determination

As previously stated, the seismic capacity evaluation herein
is part of an overall natural hazards risk analysis. In order to pro-
vide compatability with this overall analysis, results are regquired in
terms ofestimated median capacities and estimated one standard devia-
tion(one sigma, o) upper and lower bound capacities. Thus, the results
presented in this report give estimated upper bound, median, and lower
bound values for the seismic capacity of the building structure and
critical equipment. Median capacity result: were obtained for struc-
tures and equipment utilizing the procedures described herein with
median values of parameters associated with the analysis. A probabil-
istic approach was utilized to obtain the one standard deviation upper and
lower bound variation of each random functicn or parameter which affects the
results. The parameters which affect the capacity estimates include
material properties, analysis procedures and seismic input definition.
The expected variation in the values of the important parameters, such
as yield strength, damping, and ductility, which affect the determina-
tion of colliapse capacity were developed during the Tas« [ effort and
presented in the Task [ report. The parameters were considered to be
log-normally distributed for purposes of the approximate uncertainity
bound analyses performed under the Task [I evaluations.
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The probablistic approach adopted was based upon the general
statistical properties of a lognormal distribution (Reference 30).
For a Tognormal distribution, the mean value does not have a physical
interpretation, thus the median value is used as the characteristic
parameter (i.e., 50% of the values are above the median value and 50%
are below the median value). The structural capacity analysis pro-
cedure described above was employed to determine a median value for
seismic capacity using the median values of the important contributing
variables. The upper and lower bound capacities were estimated to rep-
resent a one standard deviation variation and are based upon engineering
judgement concerning the variation of the contributing variable values
rather than on detailed statistical studies. Thus, the lower and upper
bound values represent the estimated 16% and 84% percentile values, res-
pectively, with 68% of all values falling between the upper and lower
bound values. The probabilistic procedure used in this analysis is des-
cribed in Appendix A along with a sample calculation.

3.3 STRUCTURAL MODELS AND RESULTS

As discussed in Section 3.1 of this report, the east-west and
north-south structural systems were analyzed as independent lateral force
systems. Therefore, the models and results of each are presented separately
in the subsections which follow. A description of the secondary architec-
tural systems and an assessment of their potential effect upon the critical
areas is also included. For convenient reference, selected data and
structural details which are most pertinent to the key structural systems
analyzed are abstracted from the Task [ Report (Reference 3) in Appendix E.

3.3.1 North-South Lateral Force Resisting System
The dynamic moZel used to evaluate the response of the NMOF

building for north-ccuth ground motion reflects the general assessment,
noted previously, that the structure response in the north-south direction
will not be the controlling response mode. Sufficient detail was pro-
vided in the mode] only to estimate the diaphragm and gross wall shear



forces due to ground motion. The finite element mode! used to evaluate
the north-south direction is shown in Figure 3-5 along with an outline
drawing of the structure. The finite element mathematical idealization
of the diaphragm, shear walls, and foundation compliance was formulated
employing the EDAC/MSAP computer code which is a version of the general
structural analysis computer program SAP IV (Reference 14). The three-
dimensional elastic beam element and boundary spring elements were util-
fzed to construct the model with the necessary kinematic constraints to
achieve the element stiffnesses desired. The diaphragm element is con-
strained to provide only shear displacement between nodes (i.e., a shear
spring). The wall elements are constrained to act as a shear-flexure
cantilever. The mass lumping is also indicated in Figure 3-5. The input
data for the stiffness, mass and constraints are given in Appendix C.

The capacity of the diaphragm is controlled by the peripheral
puddle weld connections to the edge chord at the junction of the west
wall. The shear capacity of the west wall was based on a nominal esti-
mate of ultimate concrete shear stress given by relationship, v * va?zz
and was found not to govern.

Using the median element force response (SRSS) obtained from
a modal dynamic analysis of the finite element idealization and the median
element capacities, the median ground acceleration capacities, Ag, were
computed as indicated by Equation 3-3. The median ground acceleration
capacity for the NMDF building walls given ground motion in the north-
south direction was determined to be (Ag)m = 2.99. The median ground
acceleration capacity for the roof diaphragm given ground motion in the
north-south direction was determined to be (Ag) = 0.83-0.87q. This capacity
estimate includes the effect of concurrent east-west shaking on diaphragm
shear. Assuming that the north-south system was controlling the failure
of the diaphragm boundary connections along the west (and east) wall would
remove the wall lateral support provided by the diaphragm, and the walls
would collapse in the east-west direction as shown in Figure 3-8,
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3.3.2 East-West Lateral Force Resisting System

The dynamic model used to evaluate the response of the NMDF
building for east-west ground motion is shown in Sigure 3-6 along with
an outline drawing of the structure. As can be noted, the additional
detail provided by this model reflects the assessment that the east-west
system will be controlling. Again, the finite element idealization of
the shear walls, diaphragm, transverse walls, and foundation compliance
was formulated with the EDAC/MSAP computer code using the three-dimensional
beam and boundary spring elements with appropriate kinematic constraints.
The diaphragm element is constrained to act as a shear spring between nodes.
The wall elements are constrained to act as equivalent shear-flexure canti-
Tevers. The effective stiffness assigned to the south wall element was
based upon the results of the static wall study shown in Figures 3-2 and
3-3 and further discussed in Appendix D. The effective transverse walls
were included in the model, as indicated in Figure 3-6, to account for the
additional mass provided by the mezzanine area and the additional resist-
ance prosided by the vault. Note that the effective transverse walls are
moueled as pin-pin beam elements which transfer only the forces required
for lateral support by the diaphragm and the footing/slab foundation.
The numerical values assigned to the element stiffnesses and lumped masses
for the east-west model are given in Appendix C along with the results of
the modal amalysis.

For the east-west lateral force system, the ultimate capacities
for several major structural elements and associated connections were deter-
mined. The major structural elements evaluated for the NMDF are the dia-
phragm and precast panels acting as shear walls. Other items considered
were the interface shear transfer capacity of the slab joints, column
anchor bolt capacity in combined tension and shear, footing flexural capa-
city, initiation of footing uplift, and wall panel ‘nsert capacities.



The capacity of the diaphragm is controlled both by a chord
splice detail and the internal seam welds. Chord channel compressive
strength was evaluated and found not to be controlling. Once diaphragm
resistance is lost, building collapse is probable.

A considerable amount of effort was expended to determine the
col’ipse capacity of the south wall to insure that the capacity estimate
was not biased by conservative design approximations. As noted previously,
the behavior of long, one-story walls with numerous openings is a problem
which has not been adequately addressed in the literature. The finite
element model shown in Figure 3-2, was used (static loading) to assess the
equivalent wall stiffness utilized in the dynamic mode! of the E-W system.
In addition, the distribution of stress within the wall was determined
(see Appendix D), allowing the critical regions of shear and flexure to
be identified. The detailed wall study allowed the determination of in-
sert reaction forces and also provided the distribution of base shear re-
sisted by each footing and the wall shear transferred to the floor slab.
After evaluation of the wall stress distribution, an equivalent frame
model of the wall, as shown in Figure 3-7 was proposed to allow the col-
lapse behavior of the wall to be evaluated. To achieve approximate cor-
respondence between the detailed model of Figure 3-2 and the equivalent
frame model shown in Figure 3-7, the pseudo-spandrel transition stiffnes-
ses of each pier were adjusted until the overall displacement and distri-
bution of wall shear within each pier and critical spandrel were in ap-
proximate agreement with the detailed finite element model. Again the
EDAC/MSAP code using beam and boundary spring elements was utilized for
the frame model. The purpose of the frame model was tc allow the evalu-
ation of the flexural and shear behavior of the critical spandrel and
pier regions. Using the equivalent frame model, the final collapse mech-
anism shown in Figure 3-7 was identified. After initial yield hinge for-
mation at the top of pier No. 2, the wall can carry approxiamtely 50% more
shear (static) until hinges form at the ends of the idealized spandrels,
which frame into pier No. 2, and an additional hinge forms at the top of
pier No. 4. For the dynamic anilysis considered herein, the formation
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of the first hinge was associated with elastic response (u = 1.0) wnile
the formation of the collapse mechanism was associated with the nonlinear
response represented by a system ductility ofu= 2.0.

Re-evaluation of the Task | documentation indicated that the
mezzanine east-west lateral force resistance is provided entirely by two
main building columns and an effective portion of the (west) wall panel
acting as a composite beam with the panel weld plates as shear connectors.
The capacity of the panel-column composite behavior was determined and
found to be governed by shear failure of the inserts due to beam flexure
within the elastic range of stress. Thus, the capacity of the panel-
column composite was associated with elastic response (u = 1). After the
inserts fail, the lateral resistance of the mezzanine floor area is pro-
vided by the steel columns independent of the panels. This fact prompted
the inclusion of the mezzanine inertia in the dynamic model supported later-
ally by the columns only. The capacity of this subsystem, in terms of
collapse, is governed by the columns forming a yield hinge at mid-height.
Since the column end connections, at both the roof girder connection and
at the anchor bolt detail, are essentially a pin-joint idealization (refer
to Figure 2-5), building collapse would be probable once the yield mechan-
ism is initiated. It should be noted that the ductility associated with
this subsystem collapse mechanism is greater than the system ductility
(¢ = 2.0), however, the system factor was utilized in the evaluation to
demonstrate that the mezzanine collapse mode does not govern.

The flexural capacity of the transverse wall panels acting as
one-span plate elements was also determined. This capacity is directly
applicable to the upper wall panel above the vault. The wall panel above
the vault roof tends to act as an intermediate support for the diaphragm,
acting as a cantilever effectively fixed by the vault walls. However,
the flexural stiffness of the effective cantilever is insignificant com-
pared to the diaphragm and thus the upper vault panel must essentially
accommodate the imposed diaphragm displacement. A yield hinge will form
at the upper panel cantilever base which effectively isolates the vault
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structure from the overall structure response. The formation of this
hinge was associated with elastic system response (u = 1.0).

The median force response for each element was determined from
the modal analysis of the dynamic mode! and the stress distribution indi-
cated by the static finite element wall and equivalent frame studies.
Then, given the median element force capacities, the median ground acceler-
ation capacities were computed using Equation 3-2. Table 3-3 presents the
ground acceleration capacity determined for each of the elements or con-
nections with major damage potential considered for the controlling east-
west system. The ground acceleration capacities for the N-S system and
other system considerations (independent transverse wall panel assessment,
partition damage, and vertical roof response) are also tabulated for com-
parison. Estimated lower and upper stindard deviation bounds as well as
median results are presented. Lower and upper bounds were determined as
described in Appendix A. The numerical values of the median elemert force
capacities utilized are given in Appendix B for each of the major elements
considered.

The controlling collapse capacities (0.60-.87g) are all associ-
ated with loss of diaphragm support for the west and east walls. Once the
diaphragm resistance is lost, the roof girder/column pin-jointed frames
with attached wall panels will progressively collapse after only a few
cycles of motion. This basic mode of collapse for the NMDF structure is
illustrated in Figure 3-8. Each of the transverse (east-west) girder/
column frames may be idealized by the basic spring stabilized mechanism
shown in Figure 3-8. Given that the diaphragm failure is associated with
the system ductility, then the idealized support spring will fail when
the system response achieves a ductility demand equivalent to the adjudged
median system ductility. It should be noted that the vault structure (mono-
lithic concrete) will not be affected by structure collapse. The above
vault panel section will hinge at the vault roof, which will prevent any
further interaction of the collapsing structure with the vault. The vault,
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then acts as an independent box structure with high capacity. Assuming

a2 Tow bound of vault wall shear capacity given by a nominal value of ulti-
mate shear stress, v, * vaFz_: the ground acceleration capacity of the
vault exceeds 2.4G.

It should be noted that several of the seismic capacities listed
in Table 3-3 are damage capacities and not associated with structure col-
lapse. Damage thresholds associated with formation of effective yield mech-
anisms (u = 1) are listed as well as damage modes which are associated with
non-key components with a ductility capacity in excess of the structural
system ductility. These values should be viewed as general indicators of
structural performance and as reference values to establish that the parti-
cular mode of damage is not governing. Additional items considered during
the evaluation included footing uplift (1.35g), soil bearing capacity (1.65g),
and footing flexure capuicity (1.59g). These modes of behavior do not affect
the confinement barriers.

3.3.3 Othar System Considerations

The behavior of the internal gypsum board/steel stud partitions,
which serve as secondary confinement barriers within the structure envelope
were evaluated for the imposed displacement response of the roof diaphragm.
Using the test data provided in Reference 49, the partition barrier was
assumed to be significantly damaged for displacement-height ratios of 0.005.
As can be noted from Table 3-3, the ground acceleration capacity (1.12q)
associated with this mode of damage does not control.

The transverse wall panels and the roof girders were also con-
sidered as independent structural elements. The wall panels were evaluated
in transverse flexure (simple span) for lateral inertia loading. The roof
girder was evaluated as a simple span beam for the roof inertia Toading
Caused by response to vertical ground motion. In addition, the individual
roof panels between the roof girders were evaluated as simply-supported
composite plates in order to determine the levels of vertical response
required to fail the puddle welds and hence destroy the diaphragm cap-
ability of the roof. The diaphraam to chord shear transfer and the chord
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channel comparison strength were evaluated. The capacities associated
with each of these potential damage modes are not controlling although
some are included in Table 3-3 for comparison with the other damage modes
considered. Since low cycle fatigue strength data for the roof diaphragm
to plate weld was not available, it was impossible to evaluate the number
of cycles of expected 1ife for this detail. However, sufficient ductility
of the diaphragm is available to prevent localized "peeling" or corner
loading of these welds and also to develop the average strength of these
welds rather than as a succession of weak links.
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TABLE 3-1.  SYSTEM DAMPING RATIOS AND DUCTILITY FACTORS FOR
NMDF BUILDING ANALYSIS

Lower Median Upper
Parameter Bound Value Bound

System Damping 7 10 14
Ratio, & (percent
of critical)

System Ductility 1.5 2.0 2.6
Factor, u

TABLE 3-2.  ELEMENT DAMPING RATIOS AND DUCTILITY FACTORS FOR
ROOF GIRDER VERTICAL ANALYSIS AND WALL PANEL TRANSVERSE ANALYSIS

Element Damping Ratio, 8 | Element Ductility

Percent of Critical Factor, u
Lower |Median Upper Lower Median | Upper
Key Component Bound Value Bound Bound Value Bound
Roof Girder « B 5.0 7.0 2.5 6.5 10
Vertical Response
(27W114

steel beam)

Wall Panel 7 10 14 3.0 4.0 5.3
Transverse Response

(6 in. precast
reinf. concrete)
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TABLE 3-3.

SUMMARY OF SEISMIC CAPACITIES AFFECTING CONFINEMENT BARRIERS

Ground Accelerstion Capecity, A  (3)

9
Structura! Eloment Description Ssructural Response Description Structural Damage Lower Wed tan uooer
Pler 12, South wa!! wa!l Shesr Response (, * 1.0) Yield Winge Formation at 0.28 0.4 0.60
to £-¥ Ground Motion Pler-Spandrel Junction
Composite Wall Panel/Exterior Mezzanine Inertia Response Insert Shear Failure and 0.28 9.4 0.5
Column, Mezzanine (w* 1.0) to E-¥ Ground Motion Loss of Composite Resistance
Upper Yault wall Panel Canttlever Flexure Due to E-¥ Yield Hinge Formation at 0.3 0.47 0.68.
Dtaphragm Response (4 = 1.0) Pane! Base
Dtaphragm Chord Splice Otaphrage Sheer Response Chord Failure at East and West 0.4 0.60* 0.88
(u» 2.0) to E~¥ Ground Motion Walls; Suflding Collapse
Prodable
internal Diaphragm Commections Otaphragm Shear Response Loss of Diaphragm Stremgth; 0.42 0.62* o.n
(Seam welas) (v = 2.0) to Concyrrent f-¥ Building Collapse Prodadie .
and 0.4 N-5 Ground Motion (0.56] [0.83] n.22)
(N-5 and 0.4 E-4]
Perimeter Diaphrage Connec- Otapnragm Shear Response Loss of Disphrage Strength; 0.5 0.87* 1.28
tions (Puddie Welos) (v = 2.0) to Concurrent M-S Butiding Collapse Prodabie
and 0.4 [-¥ Ground Motion
Upper Yault Wal)l Pane! Cantilever Flexvre due to Yield Hinge Ducti) ity Demand 0.54 0.79 1.8
%-U a;ast)-np Response Equivalent to System Ducti!ity
vee.
Slab Comstruction Joint, Slad Shear Response (y = 2.0) Shear Transfer Capacity; Joint 0.63 0.9 1.3
South wWall due to E-W Ground Motion S1ippage
Precast Panels Transverse Flexure due to E-W Yield Winge (at wmid-height) 0.65 0.5 .7
(West and East wWalls) Ground Motiom (y = 2.0) Ouctility Demand Equivalent to
System Ductility
Anchor Boits at Cormer (olumns Tension and Shear due to wWall Anchor Bolt Fatlure, Partia) 0.8% 1.0 1.45
Response (u * 2.0) Panel Uplife
Exterior Mezzanine Column Mezzanine [nertia Response Yield Hinge (at mid-hetgnt) on 1.02 1.4
(= 2.0 to £-W Ground Motion Ductility Demand Equivelent
to System Ductility
South wall Wal) Shear Response (y » 2.0) Tield Hinges at Pler-Spandre! 0.7¢ 1.08° 1.57
to -4 Ground Motion Junctions, Collapse Mechanism
at System Ductility; Butlding
Collapse Prodadie
Gyosum Board/Stee! Stuo In-plane Shear Deformation due Partition Damege, Loss of o.n 1.12 1.63
Partitions (Glove Sox Room) to E-# Diaphrage Response Secondary (onf!nement
(w e 2.0)
Wall inserts, South Wil Soandre! Sheer and Flexura) Spandre! Shear Capacity, 0.88 1.27¢ 1.4
Spanare ! Response (y * 2.0) to E-4 Building Collapse Prodable
Ground Motion
Precast Pamels Transverse Flexure Considered Yield Hinge (at mid-neight); 1.00 1.45* an
as [ndependent Subsystem Collapse Mechanism at Failyre
(v » 4.0) Ouctility; Building Collapse
Prodat e
Yeult wal) wal! Shear Response to oW Nominal Shear Capacity 1.86 2.4 J.48
Ground Mottiom (y * 2.0)
Roof Girger Yertical Response Considered Yield Winge at Center Span, — » 1.0 o
" lnlﬂnmnt Subsystem Collapse Mechanism
(w o

" Maior Canecities #330Ctated with probeble structure collap e

The collapse values

4re shown Lo seweral sianificant values only o Indicate the relative order of the

capecitien

The level of amalysis does mot justify thats aouracy
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4. EVALUATION OF CRITICAL EQUIPMENT

This section of the report presents a discussion of the analysis
of the critical equipment items including the analysis procedures used in
the evaluation. The Task I Report (Reference 3) provides background infor-
mation to which the interested reader is directed. For convenient ref-
erence, selected data and equipment details which are most pertinent to
the critical equipment a.alyzed are abstracted from the Task [ Report in
Appendix E.

4.1 CRITICAL EQUIPMENT CONSIDERED

The critical areas of the NMDF building identified for study
evaluation are the glove box room and the storage vault. The location
of the critical process equipment within the glove box area is shown in
Figure 4-1 by delineation of the two process lines. Each of these process
Tines consist of a sequence of glove boxes connected by transfer tubes.
An elevation drawing of a typical process glove box is shown in Figure 4-2.
Typical glove box construction is welded 12 ga. stainless steel (304) sheet
with 3/8 inch acrylic plastic viewing windows. Each glove box is supoorted
on a cross-braced, anchored steel tubular frame. In terms of potential
release of hazardous chemicals in dispersible form, stations 3 and 5 are
identified as the most critical items for study evaluation. Station 31
is also identified as critical due to the extreme fire hazard nresented
by sodium if exposed to air. The remaining glove boxes are of secondary
concern.

Within the glove box room, all process piping, electric bus duct,
instrumentation duct, glove box argon/air supply piping, and main exhaust
piping are routed in a pipeway located directly overhead each process line
as shown in Figure 4-3. This pipeway is horizontally and longitudinally
braced from the roof at 20-foot intervals using the bracing details shown
in Figure 4-4. The glove box argon/air supply and exhaust piping is 2.5
inch diameter welded steel pipe which are branch lines of the main 8-inch
exhaust line.
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Additional items considered for evaluation are the HEPA final
exhaust filters and associated ductwork, 1A gas cylinders (within the
glove box room), hydraulic fluid reservoirs, and the storage rack and
containers located within the vault.

4.2 EQUIPMENT ANALYSIS PROCEDURES

The seismic capacity of the glove boxes and most other equipment
is substantially higher than that of the building structure for the NMDF
facility and, therefore, the approximate methods described below were used
to establish the ground motion capacity since a higher degree of accuracy
was not warranted.

4.2.1 STRUCTURE RESPONSE

The basic glove box structure was modeled as a planar rigid body
supported on an equivalent lateral spring representing the support frame
stiffness. A finite element idea'ization (EDAC/MSAP) of the braced support
was utilized to assess the frame :tiffness. The system response was deter-
mined directly from the response spectrum due to the simple single degree-
of-freedom representation. Reference 18 indicates that for systems with

% or greater damping, no response amplification occurs for system freguencies

greater than 20 Hz. Since preliminary studies had established that the
glove box frame system frequency was greater than 20 Hz and had assessed
the system damping at 5% of critical, no ductility modified response
spectra were considered.

4.2.2 OBJECT IMPACT

The evaluation of confinement breach caused by falling objects
was based on an assumed critical loading caused by falling roof or wall
segments. Prior evaluations conducted for other facilities in the Natural
Hazards Study (Reference 50) outlined the general approach for impact
evaluation of glove boxses and storage containers, considering energy
relations for plastic impact of a falling object on the equipment.
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The basic conclusion of these prior evaluations was that small missile
impact or puncture of the glove boxes was not a significant hazard, due
to the low velocity of objects falling from the ceiling (approximately
9 feet above the glove boxes). Thus, only with building collapse and
subsequent impact of massive objects on the glove boxes, is significant
release of hazardous chemicals from equipment possible.

4.2.3 RELATIVE DISPLACEMENT

Since the individual glove boxes and support stands exhibit 2
high degree of rigidity, the top of the glove boxes was cocnsidered to
move with the ground while the horizontal piping runs were considered to
move with the roof system. Thus, the glove box argon/air supply and
exhaust piping (2.5 inch diameter) must accommodate the imposed relative
displacement between the braced piping runs and the glove box attachment
point. In addition, the piping located within t" pipeway must accommodate
the relative displacement between the horizontal support points within the
plane of the roof.

The diaphragm displacement response (SRSS) of the east-west dynamic
model (Figure 3-6) was utilized to evaluate the effects of relative dis-
placement on the supported piping. Simple beam models of the piping
were subjected to the displacement response of the support points to
determine the capacity of these pipelines to sustain the imposed relative
roof displacements prior to structure collapse.

4.3 EQUIPMENT ANALYSIS RESULTS
The Task Il evaluation of the critical equipment items was
concerned with damage resulting from both direct seismic induced loading
of the eqiupment structure and damage caused by differential movement
between duct and piping support points. The ground acceleration capacity
of the glove box and exhaust pipe supports are tabulated in Table 4-.
Lower and upper bounds were determined using the procedure described in
Appendix A. Comparison to Table 3-3 will indicate that none of the
equipment capacities govern.

= EDAC



4.3.1 GLOVE BOXES

Using a single degree-of-freedom model, the fundamental frequency
and the corresponding median spectral acceleration of a typical glove box
and support frame were determined. The glove box frame and anchors were
thon analyzed for an equivalent lateral force which characterizes its
response to horizontal ground motion. The connection of the glove box to
the frame, the frame members, and the frame anchorage were evaluated for
the transfer of the equivalent lateral (inertia) force. The lowest
capacity was determined by the anchorage of the frame to the concrete
slab. The effects of concurrent lateral and vertical ground motion
were included in the evaluation. The capacity of the glove box assembly
in terms of peak ground acceieration was then computed using equation
3-2 with Fc given by the equivalent lateral force which caused insert
failure and with FSRSS,19 given by the glove box mass multiplied by the
median spectral acceleration (Capacity = 1.7 g).

4.3.2 PIPING AND DUCTWORK

The effect of relative displacement between pipeway supports
was evaluated by determining the internal bending moments and support
reactions for the 8 inch main exhaust duct when subjected to the roof
deformation response caused by east-west ground motion. The additional
support reations and internal stress causad by the inertia response of
the pipeway to the amplified roof motion were superimposed to determine
the total element forces caused by the imposed roof response to a ground
acceleration of 1.0q. The capacity of the pipeway was found to be governed
by the shear capacity of the bolt connections for the pipeway bracing angles.
Again, Equation 3-2 was utilized to determine the peak ground acceleration
capacity (Capacity = 2.1g).

The effect of relative roof displacement on the 2.5 inch glove
box exhaust braich lines was assessed in an approximate manner to indicate
the level of ground motion which would create a ductility demand on the
glove box filter/pipe connection equivalent to the system ductility. Since
the piping connections have a ductility capacity in excess of the structural
1361 214



system ductility, the capacity for the branch line given in Table 4-1
should be viewed as a benchmark value indicating that this mode of
behavior is not governing.

4.3.3 OTHER CRITICAL EQUIPMENT ITEMS

A hydraulic system which includes a reservoir and power unit
is located in the glove box room. A floor mounted reservoir is connected
to glove box 8 by means of high pressure hoses and glove box entry
couplings. Upright type 1A gas cyclinders are mounted adjacent to glove
box 18. While not directly associated with a potential mode .f hazardous
chemical release, the secondary effects of high flash point hydraulic
fluid release as well as the potentialmissile capability of gas cylinders
upon Toss of a valve must be considered. Review of the hydraulic reservoir
and gas cylinder mounting details indicated that damage due to direct
seismic shaking is unlikely. The general conclusion is that these items
will remain in place until impacted by collapsing structure (Capacity> 0.60g).

The final building exhaust filters are located adjacent to the
glove box room. In general, the filter assembly is held within welded
frames and clamped within a sheet metal casing supported on anchored
base channels. Review of the details of the filter and casing con-
struction indicated that the assembly is flexible enough to accommodate
several inches of displacement. The general conclusion is that the filter
will remain intact until the casing (16 ga. steel) is subjected to external
crushing loads caused by collapsing structure (Capacity > 0.60 g).

Hazardous chemicals are stored within the vault in 5-inch diameter,
12-inch long, 28 gauge sealed storage containers or “cans" fabricated from
stainless steel tube. A storage rack of special design is anchored both to
the vault floor and walls to support the storaae containers in a precise
configuration. The storage containers are placed in individual cans (#10)
which are boited to the rack shelves in a vertical position. The general
construction of the storage rack is welded steei structural channel sections

1 A
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with bolted diagonal bracing. The amount of material which can be stored
at any given time is limited by the required configuration and clearances
which must be maintained. Thus, the inertia loading on the rack is
minimal. Review of the rack details and anchorage indicated that the
rack and cans will remain in place until the vault walls are substantially
damaged (Capacity> 2.4 g).
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SUMMARY OF

TABLE 4-1

SEISMIC CAPALITIES AFFECTING CRITICAL EQUIPMENT

Ground Acceleration Capacity, ﬁg(g)

‘tquipment txpected
Item Damage Lower Median Upper
Glove Boxes Concrete insert 1.34 % 2.16
failure at frame
anchorage ;
rd
Pipeway Bracing Shear of 3/8" 1.44 2.10 3.06 !
diameter connec- ’
tion bolt ;
!
Exhaust Pipe Branch | Yield hinge ductility 1.19 1.7 2.45 i
demand at filter of '
glove box equivalent
to system ductility !
=t
1561 27
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5. SUMMARY OF RESULTS AND STRUCTURAL DAMAGE SCENARIO

This section presents a summary tabulation of the results of
the analyses described previously and presents the interpretation of these
results in terms of a structural damage scenario, which describes the pro-
gression of expected damage to the NMDF facility with increasing intensity
of earthquake ground motion.

Table 5-1 presents a tabulation of the critical seismic capaci-
ties of the structural systems evaluated during the Task II effort. These
capacities are associated with structural collapse and as such establish
the ground motion acceleration levels associated with probable release of
hazardous material. Evaluation of the glove boxes and exhaust piping/
ductwork indicates that these equipment systems have ground acceleration
capacities in excess of the structural collapse capacities. The equipment
systems cannot withstand the imposed falling weight of the collapsing
structure. Thus, these ground motion acceleration capacities represent
the level of seismic motion which causes complete loss of confinement for
hazardous materials.

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 contributing
variables are approximately lognormally distributed, the calculated upper
and lower bound capacity values represent an estimated one standa~d devi-
ation variation. The median capacity vaiues represent the evaluation of
the various systems as they currently exist in the NMDF facility. The
values are shown to two significant figures to indicate the relative order
of capacities. It should not be implied that the level of the analysis
Justifies collapse values to this accuracy.

POOR ORIGINAL
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The transverse or east-west structural system of the NMDF
exhibits a Tower seismic capacity than the longitudinal or north-south
structural system. Collapse of the structure due to east-west ground
motion will occur at a median ground acceleration level of 0.60g. This
collapse mode is associated with the loss of roof diaphragm support for
the east and west walls. For north-south ground motion, collapse will
occur due to diaphragm failure at an acceleration level of 0.83g. It
should be noted that both of these collapse estimates include the effect
of concurrent ground motion orthogonal to the principal direction of shak-
ing considered. Extensive structural modification is necessary to prevent
these modes of collapse.

The following scenarios present a description of the behavior
of the structure resulting from increasing ground mntion acceleration.
The scenarios are based upon the median predicted capacities of the NMDF
structural systems. The return periods associated with the scenario for
each level of ground shaking are taken from the “"best estimate” data pre-
sented in Reference 5 relating peak ground acceleration in §'s to return
period in years. The three scenarios correspond to ranges of 0.20g to
0.35g, 0.35g to 0.55g and 0.55g greater ground motion acceleration.

Ground Shaking of 0.20 to 0.35g (T = 100 years for 0.35q)

At a ground acceleration below 0.20g, there is no significant’
effect of the occurrence of an earthquake. Above 0.209 minor structural
damage in the form of concrete cracking in the vicinity of panel inserts
and minor yielding of diaphragm connections is initiated.

Ground Shaking of 0.35 to 0.55g (T = 550 years for 0.55g)

Progressive concrete cracking damage and vielding of steel
¢ sctions continues beyond .35g. Pier No. 2 of the south wall forms a
yield hinge at the pier-spandrel junction at 0.41g. Also at an acceler-
ation of 0.41g, the concrete panel inserts connected to the exterior mez-
zanine columns fail in shear preventing further compesite panel/column
behavior in resisting the mezzanine floor inertia. Further resistance

1561 253
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is provided by the columns acting alone. The portion of the panel wall
above the vault forms a yield hinge at an acceleration level of 0.47g,
but the vault box structure is not affected. For ground motion in excess
of 0.50g, the diaphragm is highly overstressed with significant yielding
of both perimeter and interior connections.

Ground Shaking of G.55g and Greater (T = 750 years for 0.60g)

Beyond 0.55g the diaphragm is being severely damaged. At an
acceleration of 0.60g, the diaphragm chord along the west and east walls
will fail in tension at the splice plites. The internal diaphragm seam
welds will fail at 0.62g, therefore, complete loss of diaphragm strength must
be associated with 0.60g. After a few cycles of motion at this leve] of
shaking, the pin-jointed roof girder-column connection will allow wall
collapse to initiate for the glove box room area. The progression of
collapse beyond this level of acceleration is uncertain, but the crushing
of critical glove boxes by falling roof girders must be assumed to occur
at 0.603. The exact number of glove boxes likely to be crushed in this event
is unknown. However, since the glove boxes are connected by common transfer
tubes and air and exhaust piping, loss of one glove box or section of transfer
tuoe will lead tc loss of confinement for the hazardous material in essentially
the complete transfer Tine. Thus, this establishes the ground motion level
associated with loss of confinement. The hingina of the above vault panel will
allow partial roof colliapse in this area of the glove box room, but the vault
will remain intact at levels in excess of 2.0g.
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TABLE 5-1.  SUMMARY OF CRITICAL SEISMIC CAPACITIES

GROUND ACCELERATION CAPACITY (9)

STRUCTURAL DAMAGE LOWER MEDIAN UPPER
Diaphragm Chord Failure 0.41 0.60 0.88
(E-W Motion)
Diaphragm Internal Connection 0.42 0.62 0.91
Failure (E-W Motion)
Diaphragm Internal Connection 0.56 0.83 1.2
Failure (N-S Motion)
Diaphragm Perimeter Connection 0.59 0.87 1.28
Failure (N-S Motion)
1241 DK
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APPENDIX A

Uncertainty Bound Analysis Procedure

The basic statistical procedure used in the uncertainty bound
analysis was based upon the general statistical properties of a lognormal
distribution. The procedure involved the identification .f each major
random variable which can be considered as a potential source of substan-
tial uncertainty in computing the median capacity values and the appro-
priate combination of the uncertainty potential from each variable to ob-
tain the total uncertainty. Lognormal distributions were selected for
use in estimating uncertainty bounds in the overall Task II evaluation
results since the statistical variation of many material properties and
seismic input functions may be represented by the distribution. It is
generally acknowledged (References 27, 28) that the mechanical strength
properties (e.g., yield and tensile strength) of structural materials may
be characterized by a lognormal distribution. In addition, studies
(Reference 19) have indicated that the statistical variation of response
to seismic ground motion, as characterized by response spectra (Reference
18), may be represented by a lognormal distribution. Thus, while a log-
normal distribution might not be the optimum rhoice of distribution for
structural element capacities or element forces due to dynamic response,
it provides a sufficient approximation and is computationally convenient
since the assumption of a lognormal distribution leads to a simplified
combination of product random variables.

For a lognormal distribution, the mean value does not have a
phyiscal interpretation, thus the median value is used as the characteristic
parametor (i.e., 50% of the values are above the median value and 50% are
below the median value). The upper and lower bound values of the important
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contributing variables were estimated to represent a variation of one
standard deviation and are based upon engineering judgement concerning the
variation of the contributing variable values rather than on detailed
statistical studies. Thus, the lower bound and upper bound represent the
estimated 16% and 84% percentile values, respectively, with 68% of all
samples falling between the upper and lower bounds. The estimated lower
and upper bound material parameter values were presented in the Task [
Report along with estimated upper and lower bounds for damping and ductil-
ity to be utilized in the response analysis. The median and upper bound
values of response were taken from the median and one sigma response spec-
tra given in Reference 18.

Al BASIC RELATIONS

Before discussing the detailed method for estimating the uncer-
tainty factors and bounds, some general relations for lognormally distributed
variables will be presented which are used more specifically in the subse-
quent development. Background and futher information on these relationships
are given in References 29 and 30.

Stated mathematically, a random variable x is said to be lognor-
mally distributed if its natural logarithm X given by

X = In(x)

is normally distributed. If a, b, and ¢ are independent Tognormally
distributed random variables, and if

¢ = 2 (A-1)

where r, s, and t are given exponents, then d is also a lognormally dis-
tributed random variable. Further, the median vaiue of d, denoted by D,
and the loorithmic variance 332. which is the square of the lognormal
standard deviation of d, are given by

A-2 Znac




P . a$
D = A__B- (A-Z)
ct
and
Y2 o ey 2 2% 2 2% 2 -
3y ré3, +s3b +t?c (A-3)

where A, B, and C are the median values, and 3;2. bz‘ and 8E2 are the
logrithmic variance of a, b, and ¢, respectively. The logrithmic standard
deviation for each independent variable may be estimated as shown below
for the variable a, from the estimated lower bound, median, and upper bound

values given by a,, a, and a, respectively.

et o) e @)

Ncte that if a is exactly lognormal,

a \ a
T = 1In (__m_ = 1In (—!—) (A-5)
2 2, ) a,
Given the estimated logrithmic standard deviation for esach variable, it

follows that the estimated one standard deviation upper and lower bound
values of d, given by du and dz’ may be computed as

du =D exp(?d) (A-6)
d, =0 exp(-?d) (A=7)
| S’\(} } / A
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The coefficient of variation of d, Vd. is given by the relation (Refer-
ence 30)

2
Vg " \/ axp(?& )e1 (A-8)

A.2 APPLICATION TO CAPACITY EVALUATION

The application of the statistical procedure described above
to the evaluation of the structural system is demonstrated in the following
discussion. From equation 3-2, the median ground acceleration capacity,
-(Agxm,of a structural element may be computed as follows:

(Ag)m %o/ Farssiig a,

where

FC = Median element force capacity

FSRSS,Tg = Median element force response determined by
square-root-sum-of-square (SRSS) combination
of modal response components obtained fror a
modal spectral analysis of building models
using median 1.0 g ground acceleration non-
linear (reduced) response spectrum with
median damping, 3, and median ductility fac-
or, u.

The estimate of median element force response, may be ex-
pressed (Equation 3-1) as

/

2
Fsrss.1g V& (Fn.lg) (A-10)
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where Fn.lq represent the modal components of element force response.

Given that the modal component corresponding to the fundamental frequency
(or period) of the structural system is 2 or 3 times the other modal
response components, the fundamental component (n = 1) will account for
85-95% of the SRSS estimate given by Equation A-9. Thus, due to the
dominance of the first mode, the median element force response may be
considered to be approximately proportional to the spectral acceleration,
SA]g. given by the ordinate of the median response spectrum (normalized

to 1.0qg) associated with the fundamental frequency of the structural system.
It should be noted that this approximation is also valid for element res-
ponse governed by a mode other than the fundamental as long as the dominant

modal component exceeds the remaining modal components by a factor of 2 or
greater.

The variation in element force capacity, FC' is considered to
be independently a function of the variation in material strength and con-
struction guality., The variation in element force response, FSRSS' is con-
sidered to be independently a function of the structural idealization rep-
resented by the dynamic model and the spectral acceleration associated
with the dominant modal frequency. The variability assor ited with the
capability of the dynamic model to duplicate actual structural response
due to earthquake ground motion is assessed by a subjective judgement fac-
tor. For simplicity, the variability of the spectral acceleration is con-
sidered to be independently a function of the variation in the spectral
response ordinate, SA, due to the variation of input ground motion, the
variation in system damping, 8, and the variation in the value of spectral
acceleration reduction factor, R, as influenced by the variation in system
ductility factor, u. The factor R is take: as unity for the ground accel-
eration portion of the response spectrum, 1/y/2u - 1 for the amplified
acceleration spectrai region and 1/, for the spectral velocity and spec-
tral displacement regions. Thus, the ground acceleration capacity may be
expressed as a function of the following variables centered on median
values of unity:
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where

. /
Aq (Ag)m EcMe 3/ 60,

Factor expressing the variation of element
capacity as a function of the ratio of material
strength to the median material strength govern-
ing the element failure mode (median value for
Ec = 1.0).

Subjective factor expressing the variation of
element capacity as a function of construction
quality and workmanship (median value for HC =
1.0).

Factor expressing the variation of spectral
acceleration response due to the variance in
ground motion input (given median system damping
8, and median system ductility, u) as a function
of the ratio of response spectrum ordinate to the
median response spectrum ordinate at the system
frequency at the dominant mode. (Median value for
Sa = 1.0).

Factor expressing the variation of spectral accel-
eration response due to the variance in system
damping (given median response spectra and median
system ductility) as a function of the ratio of
response spectrum ordinate to the median response

spectrum ordinate at the dominant system frequency.

(Median value for CB = 1.0).

1561
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Du = Factor expressing the variation of spectral accel-
eration response due to the variance in system
ductility, characterized by the spectral reduction
factor, as a function of the ratio of response
spectrum ordinate to the median response spectrum
ordinate at the dominant system frequency.

(Median value for 0, = 1.0).

J = Subjective judgement factor expressing the vari-
ation of ground acceleration capacity as a function
of the overall assessment of the procedure accuracy,
element force capacity conservatism, and capability
of the building dynamic model to duolicate actua)
structural response due to earthquake ground motion.
(Median value for J = 1.0).

The logarithmic variance in ground acceleration capacity may
then be defined in terms of the logarithmic variance of each of the in-
dependent contributing random variables

LiP. N .2 R Bt Y 2
Ag Ec + "c + S. + CB + Du + °J (A=12)

Thus, the upper and Tower bound .alues for the seismic acceleration
capacity may be computed as

(Aq)u 3 (Ag)m expmg)
() - (),

(A-13)



A.3 SAMPLE CALCULATION

This section provides a description of the use of the uncer-
tainty bound procedure in establishing th2 estimated upper and lower bound
seismic capacity values for the NMDF facility. The sample calculation in-
cluded in this appendix pertains to the major failure capacity identified
for the lateral force resisting structural systems.

As discussed above, the variables which contribute to the ground
acceleration capacity uncertainty may be characterized by a strength capacity
factor, a workmanship assessment factor, spectral response facto-. ~onsid-
ering the independent effects of input, damping, and ductility variation,
and an analysis judgement factor. The effect of the variation in ground
motion (variable Sa) and the effect of the variation in system damping (vari-
able CB) were assessed from the criteria spectra data presented in WASH 1255
(Reference 18). Table A-1, which was abstracted from the WASH 1255 document,
presents the median (50 percentile) and the one standard deviation (84.1
percentile values of spectral amplification for various levels of damping
and for the three major spectral frequency regions. The results of the
determination of the variation in spectral acceleration response due to the
independent variation of input motion, damping, and ductility are tabulated
in Table A-2 for the fundamental frequency of the structure in the east-
west direction (f] = 5 Hz). The variation of material strengths for each
element failure mode which governs each major capacity estimate for the
NMDF yielding is tabulated in Table A-3. The resulting normalized contribu-
ting factors, as defined for Equation A-11, are tabulated in Table A-4.

The upper and lower bound assigned to the subjective construction quality
and workmanship factor, W_, and the analysis judgement factor are also
given in the tabulation.

c

A.3.1 Example Calculation: Diaphragm Capacity

The failure of the diaphragm chord is controlled by the funda-
mental mode of response (5 Hz) for east-west shaking. Referring to Table
A-4, we obtain the estimates of the logarithmic standard deviation for
each contributing factor.




Diaphragm shear response
Sy * o.199,7c5 = 0.137, a'o“ = 0.191

Diaphragm capacity
Ec = 0,168, 55; = 0.0

Analysis assessment
)« 0.168

Now, utilizing Equation A-12 we obtain

2 2 2 2 2
?Ag = (0.168) + (0.0) + (0.199) + (0.137) + (0.191)2 + (0.164)2 = 0.150

7T
= 0.387
AQ

and from Equation A-13, the ground acceleration capacity is, given
(Ag)m = 0.60,

Ay = 0.60 exp(+0.387) A, = 0.88

Agz = 0.4

Using Equation A-8, we obtain the coefficient of variation for the ground
acceleration capacity,

Vy = 0.150) - 1 = 0.402
A \/exp( )
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TABLE A-1. HORIZONTAL DESIGN SPECTRA AMPLIFICATIONS AND BOUNDS
(Reference 18)

Spectrum bounds Spectrum bounds

Mrcentile  Ombing  Amplification ':EE':“ O viom) , (ros)
In_in/sec g In In/sec g
0.5 1.97 2.58 3.67 ] 7 126 367 2w M 3.67
50 2.0 1.68 2,06 2.7 30 60 99 2.6 20 58 2.76
5.0 1.0 1.66 2.11 20 S0 80 2.1 17 & 2.1
10.0 1.1 1.34  1.65 20 b1 e 1.65 W 38 1.65
0.5 2.66 3.41 465 4o 9% 16k 4LB5 32 95 465
% 2.0 2.24 2,68 3.36 30 81 129 3.36 27 ’m 3.36
5.0 1.83 2,10 2.48 20 66 101 2,48 22 59 2.48
10.0 I.47 1.66 1.89 20 53 80 1.89 18 4 .89
0.5 2.99 3.81 s5.12 Lo 08 183 5.12 36 107 5.12
8.1 2.0 2.51 2.98 3.65 30 9 143 3.65 30 83 13.65
(1 o) 5.0 2.04 2.32 2.7 20 77N 267 25 65 2.6
10.0 1.62 1.81 2.0 20 58 87 2.00 19 s1 2.0
0.5 3.28 4.16 5.53 Lo 118 200 5.53 39 116 5.53
@0 2.0 2.7 3.23 3.9 30 99 155 3.%0 33 %9 3.%
5.0 2.2 2,51 2.82 20 80 120 2.82 27 M 2.8
10.0 .75 1.8 2.1 20 6 ¢ 2.n 21 sS4 2.1
0.5 3.65 4.60 6.05 40 131 220 6.05 Lk 129 6.05
* 2.0 3.04 3.57 4.22 30 109 171 4,22 36 100 4,22
5.0 2.6 2,75 3.03 20 88 132 303 29 77 13.03
10.0 .9 2.1 2.2 20 69 101 2,24 23 s9 2.24
0.5 k.01 5.0 6.57 Lo b 242 6.57 4B 141 6.57
97.7 2.0 3.3 3.89 4.54 30 120 187 4546 ' 109 4.54
2 o) 5.0 2.67 2.8 31.23 20 9% W3 3,23 32 83 3.23
10,0 2.08 2.28 2.37 20 7% 109 2.37 25 6 2.37
Ground mot ions 8, 9 v, in/sec d, in
alluvium 1.0 48 36
rock 1.0 28 12

L )7 |
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TABLE A-2.  SPECTRAL ACCELERATION RESPONSE VARIATION

Contributing Variable Values

Contributing Lower Median ‘ Upper
Variable | .

-

Spectral Response In- -
put Variation
(f1-5Hz.l- 10%, ’

us 2)

0.95¢ | 1.16g

System Damping 71(2)

102 14%
(8, percent of (2)

Spectral Response 0.82(1)
Damping Variation
(fy = SHz, Median

spectra, u= 2

0.95¢ 1.076 ;)

System Ductility

2.0 2.6
(u) (

|
r
|
|
|
|
1
|
critical) : i i
|
|
|
l
|
1
|
1

Spectral Reduction : 0.488
Factor (Amplified
Acceleration Region,

R=1/72u-1)

0.577 0.707

i
|
3
t
|

Spectral Response
Ductility Variation |
(Fy = SHz, Median |

spectra, 8= 103 | i

0.80g | 0.95g | 1.174

(1) Extrapolation based on Reference 19
(2) Reference 3 data base
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TABLE A-3. ELEMENT MATERIAL STRENGTH VARIATION
(Referenc: 3 data base)

Contributing
Variable

Contributing Variable Values

Lower

Median

Upper

Diaphragm Capacity
(E70 welding
ultimate shear)

40 ksi

47 ksi

56 ksi

Concrete Flexure
Capacity (Grade 40
Yield Strength)

Interface Shear
Transfer (Grade
40 Yield Strength)

44 ksi

48 ksi

53 ksi

Steel Column Flexure
(A36 Yield
Strength)

40 ksi

44 ksi

48.5ksi

Concrete Shear
Ultimate Capacity
v, = 2475 )

u

117 psi

126 psi

137 psi

Concrete Insert
Shear Capacity
(A307 Ultimate
Tension)

64 ksi

68 ksi

73 ksi

A-12




TABLE A-4,

UNCERTAINTY BOUND STATISTICAL PARAMETERS

Contributing Factor Values ﬂ;;;ﬂ;ﬁ:f
Contributing Factor Lower Median | Upper Deviation
Spectral Response Sa - 1.0 1.22 0.199
Input
Spectral Response c 0.86 1.0 1.13 0.137
Damping 8
Spectral Response 0, 0.84 1.0 1.23 0.19N
Ductility
Ec 0.85 1.0 1.19 0.168
(Diaphragm)
Ec
(Wall/flexure) | 4 o, 1.0 1.10 0.089
g |
Element Capacity (Slab Joint)
Ec 0.9 1.0 1.10 0.095
(Mezzanine
Column)
Ec 0.93 1.0 1.09 0.079
(Wall Shear)
E. 0.94 1.0 1.07 0.065
(Insert
(Shear)
Construction Hc(Stee1) 1.0 1.0 1.0 0.0
Quality and
Workmanship W.(Concrete) 0.90 1.0 1.1 0.100
Analysis Judgement J 0.85 1.0 1.18 0.164
13 EDAC
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APPENDIX C

BUILDING DYNAMIC MODELS AND PSSPONSE ANALYSIS

As discussed in Section 3.1 of this report, the east-west and
north-south structural systems were analyzed as independent lateral force
systems. Dynamic models of each independent system were formulated em-
ploying the EDAC/MSAP computer code which is a version of the general
structural analysis comp.ter program SAP IV (Reference 14). The three-
dimensional elastic beam element and boundary spring elements were utilized
to construct the finite element mathematizal idealization of the diaphragm,
shear walls, and foundation compliance. Sufficient detail was provided in
each model to represent the general behavior of all key structural components
which comprise the lateral force transfer system. Within each model, the
necessary kinematic constraints were provided to achieve the element stiff-
nesses desired. The input data for the element properties, idealized Tumped
mass, and model constraints are tabulated for each model herein. The format
utilized for the presentation is the input data (echo) print-out generated
by the MSAP program. The format and nomenclature is identical to that
utilized in Reference 14. Units are inches, pounds, and seconds.

.1 NORTH-SOUTH LATERAL FORCE RESISTING SYSTEM

The finite element mode] used to evaluate the north-south direction
s shown in Figure C-1 along with the SRSS element forces obtained from a
modal spectral analysis using the input spectra given in Figure 3-4 (y = 2.0).
The modal point spatial definition along with the element properties and
lumped mass values are tabulated in Figure C-2. The diaphragm element is con-
strained to provide only shear displacement between nodes (i.e., a shear

spring). The wall elements are constrained to act as a shear-flexure canti-
lever,

ce EDAC



C.2 EAST-WEST LATERAL FORCE RESISTING SYSTEM

The dynamic mode! used to evaluate the response of the NMDF
building for east-west ground motion is shown in Figure C-3. The nodal
point spatial definition along with the element properties and umped
mass values are tabulated in Figure C-4. The diaphragm element is con-
strained to act as a shear spring between nodes. The wall elements are
constrained to act as equivalent shear-flexure cantilevers. The effective
stiffrness assigned to the south wall element was based upon the results of
the static wall study discussed in Appendix D. The effective transverse
walls were included in the model to account for the additional mass pro-
vided by the mezzanine area and the interaction provided by the vault.
Note that the effective transverse walls are modeled as pin-pin beam ele-
wents which transfer only the forces required for lateral support by the
diaphragm and the footing/slab foundation. The dominant principal mode
shapes obtained from a modal analysis of the model are shown in Figures
C-5 and C-6. The SRSS element forces obtained from a modal spectral
analysis, using the input spectra given in Figure 3-4 (u = 2.0), are shown
in Figure C-7.

. 1 4 pe
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/ 1/4 of roof mass
Y 5

&

1/4 of roof mass + 1/2
-—5— of wall mass

) N
(modei represents one-half of ctructure)|Q) \

3 1/2 of wall mass + foundation mass

2 |

7~ N x
4

A BOundarg Spring ElemenT

O — Beam Element
@ — Idealized Lumped Mass

FIGURE C-1.  N-S DYNAMIC NMDF MODEL AND MODAL ANALYSIS RESULTS (SRSS, u = 2.0)
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APPENDIX D

SOUTH WALL FINITE ELEMENT DETAILED ANALYSIS

A detailed analysis of the south wall was undertaken to insure
that the capacity estimate was not biased by conservaiive design approxi-
mations. As noted in Section 3.2.1, the behavior of long, one-story walls
with numerous openings is a2 problem which has not been adequately addressed
in the Titerature. A static analysis of the finite element model shown in
Figure D-1 was conducted to determine the distribution of stress within the
south wall when subjected to a uniform diaphragm load applied at the roof
line. The EDAC/MSAP computer code, which is a version of the general
structural analyses computer program SAP IV (Reference 14), was employed
to formulate a general representation of the wall construction. Membrane
elements were utilized for the wall, the portion of the transverse wall
acting as an equivalent flange, and to simulate the base floor slab attach-
ment. Boundary spring elements were utilized to represent the compliance
of the individual footings and the equivalent shear stiffness of the floor
slab/soil. Beam elements were utilized to represent the column flange
attachment at the panel insert locations. The beam elements were con-
strained to act as effective shear springs to simulate the column flange
acting as a shear transfer element. Thus, the model allowed the critical
regions of wall shear and flexure to be identified, allowed the determin-
ation of insert reaction forces and also provided the distribution of base
shear resisted by each footing and the wall shear transferred to the floor
slab/soil. The general deflected shape (exaggerated) for the south wall
under the imposed seismic roof loading is shown in Figure D-2. As can be noted,
the wall stiffness in shear is governed by the flexure of the shaded criti-
cal spandrel and pier rejions. The load/deflection behavior of the overall
wall was used to assess the equivalent wall stiffness utilized in the
dynamic model of the E-W system described in Appendix C. The distribution
of average shear stress within each element is shown in Figure D-3. An

1561

o-1 EDAC

I J
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indication of the axial stress and horizontal stress distribution within
critical areas of the wall is shown in Figures D-4 ard D-5. The distribu-
tion of principal stresses around each major opening is shown in Figure D-6
and an indication of the shear stress intensity within selected groups of
elements is shown in Figure D-7. As can be noted the behavior of the wall
cannot be represented by the usual design analysis (Referenc2s 9 and 11)
methods utilized for low-rise concrete shear wall structures. The insert
reactions for the appliied roof loading are shown in Figure D-8.

After evaluation of the wall stress distribution, an equivalent
frame model of the wall, as shown in Figure D-9 was proposed to allow the
collapse behavior of the wall to be evaluated. To achieve approximate
correspondence between the detailed model of Figure D-1 and the eguivalent
frame model shown in Figure D-9, the pseudo-spandrel transition stiffnesses
of each pier were adjusted until the overall displacement anu distribution
of wall shear within each pier and critical spandrel were in aporoximate
agreement with the detailed finite element model. Again the EDAC/MSAP code
using beam and boundary spring elements was utilized for the frame model.
The purpose of the frame model was to allow the evaluation of the flexural
and shear behavior of the critical spandrel and pier regions. The input
data (SAP IV, Reference 14 format) for the element properties utilized for
the equivalent frame model are tabulated in Figure D-10. The final collapse
mechanism for the wall was iden’ical using the three separate analysis cases
for the equivalent frame showr in Figure D-11. After initial yield hinge
formation at the top of pier No. 2, the wall can carry approximately 50%
more shear (static) until hinges form at the ends of the idealized spandrels,
which frame into pier No. 2, and an additional hinge forms at the top of
pier No. 4.
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APPENDIX E

SELECTED STRUCTURAL DATA AND DETAILS FROM
TASK I REPORT



Table 4-22 - Stee! Mempers

Woment of Inertia

Structural “a—ve Depth Ares Major Azis, lxa | Winor Axts, lyy
| Component Des ignat ion () (1n.%) (.Y | (.4
| Roof Framing - Girger ; e e T 1.8 0% 159 |
| Mein Framing - Colum | e N Y vz | "o , » ’
| Reof Framing - besm ! we i 9.90 | o2 107 | 10.8 ;
| Weof Dispnrage - Chere 8Cas ] 8.00 R %1 ' 1.8 j
| Woof Disphrage & j fovertson | % | o 7.87 (per 12 n.) | —_—
; Mezzanine Deck ! FE 1 16-16 | !
| Werzanine Framing - | 12%40.8 , 7098 12.266 1487 3.3 .9 T
| Floor Bess | | | !
| 1 | |
| -’{mm Framing - | 0w 54 _ 10.12 [ ) 306 ! 104 f
| Floor Bess . | " J
| Mezzanine Freming - | 0w { 10.12 | 1.2 249 ! 53.2
Floor Besm ’ | |
| Mezzenine Framing - 3" xtra Strong — | nm s | e |
L Coleen ' Pipe | ' |
Lateral Bracing for 2 32 W8 — | a9 184 .73 |
' Cxhaust Stack l‘ r | |
=, i | H 1 J
Table 425 ~ Concrete Shear Walls
{ \ (10° 1. %"
D et Thickness (1n.) Wil Shear Area (1n%)" wall omest of Inertis (in. ")
,r North wall 7.8 5002 252
| South wall | 6.0 2638 126
fast wall | 6.0 13840 6789
west wal! 6.0 13244 6274 |
Baseo on Net wal! Section
1 ¢ . / (‘
1201 D
£-1 EDAC




¢-3

STRUCTURAL MATERIAL PROPERTIES

Modulus of
Vield Streagth Ultimate Streagth Elasticity
Structural Material Min  Spec. Lower Bound Median | Upper Bound | Min. Spec Lower Bound | Medtan | Upper Bound JE. Pl x ".
| Element ldentification (kst) (rsi) (hst) (ki) (ki) fasi) (ki) (xst) (Median) Commen (s
Plate, Rolled Shapes ASTH 336 I 4“0 4" “@s 58 o4 8 n 20 Max. Spec. = 80 st
and Wiscellaneous
Structural Steel
Steel Roof Dece ASTM AZeS - 1 ” e — — 54 20
Reinfor:ing Steel ASTM A1S [ntervediate () (a) (a) 8s 0
(ASTH A61S) Grade “ “ 53 0 6 80 tal Reference 14 Data
Structural Bolting, ASTH 2307 i1 0 a“ © 64 68 ) 230 Tenston (shear)
Connections, and (42) (48) (56)
Anchor Bolts
Concrete Walls and Structural Concrete - - - - —- 3 3 0 47 1.6 Compress ton
footings @ 26 days (2.9) (14 (¢.0) (Bolt Bearing)
Concrete Inserts — - —— —— —— 8.5 0. 7.2 —— Bolt Pullout
Nelding £ -— = — — L o 56 — Shear
Plipe Columm ASTM AS) Grade 8 Iy »s 9 o 60 65 69 " 2.0

NOTE: Ail values are tensile valess otherwise noted

* Ins kips
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TABLE 4-1 COLUMN AND FOOTING DATA

Footing
Location
By Column Line* Column Size Reinforcing
All on Lines A & L 8 31 4'-2" x 4'-2" x 1'-2" 4-#5 Ea. Way
B-1 thru K-i, F-4, G-4, k-4 8w 31 6'-4" x 6'-4" x )'-2" 9-#6 Ea. Way
B-4, E-4 aw 31 6'-6" x 6'-6" x 1'-2" 10-#6 Ea. Way
H-4, J-4 BN 31 6'-8" x 6'-8" x 1'-2" 11-#6 Ea. Way
c-4, D-4 BW 31 7'-0" x 7'-0" x 1*-2" 13-#6 Ea. Way
C,-2A, D,-2A, B,-3A 3" Extra Strong 2'-6" x 2'-6" x 1'-2" 3-#5 Ea Way
1 | |
Pipe
Dl-3A 3" Extra Strong 3'-0" x 3'-0" x )*-2" 3-#5 Ea. Way
Pipe
C,-3A 3" Extra Strong 4'-0" x 4'-0" x 1'-2" 4-#5 Ea. Way
' Pipe

* See Figure 4-1 Foundation Plan
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I Mu‘m IS H.W. ROOCKTSON FiX 16-16 DECK
wWiTH 2% 70 3" THICK ZONOLITE CONCRETE

2. FoR WELD S6& NOTES on FIGURE 4-5

27 WF 114 (TYP.)

_ A _sit Figone 4-6

FIGURE 4-2.

ROOF FRAMING PLAN
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¥
$0. WALL - ’ Comr,
NO. WaLL ' ¥ J.
‘. “2 -..|..'..";".'! "‘

WELD R - S
56" " / i T Ia'
WITH 2- 349
BoLrs

208 e3 ey
2- %" porrs
Ea. LEG

NOTE : TYPICAL HOZIZONTAL

NELD PLATE SPAuNG
154-6"

DIAPHRAGM CONNECTION AT NORTH AND SOUTH WALLS

FIGURE 4-5.

NOTES = ALL WELRS ARE K P 6FFECTIVE SPACED AS Follows :
I SWELPS PER PANEL AT EACH SUPPORT (ReoF PEsn)

2. AT PERIMETER AND OPENINGS PARALLEL TU SEAM AT 4-0" 0.c,

ROOF DECk Seam wiLD :

157 LoNG wELD AT TOP OF SEAM AT 20" 0.c.

gcmas

21N

ROOF
BEAM

NOTE : ANCHOR BoLTs -~ FuULL

PENETRATION wELD TO
WELD PIATES, TYPicAL

DIAPHRAGM CONNECTION AT EAST AND WEST WALLS

TYPICAL ROOF DIAPHRAGM CONNECTION AT WALLS
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bat-j 4-¢° | -6 7 46" . " lnk
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LIFTING INSERT (TYP) S woRiz . 28 630" W I

18-2"

-

ALL WALLS . *¢ REINFORCED

*s vexr

ORS N
(vre)

/
. wWITH A MiNiMUM OF * 4 L
@187 0.c. BOTW WAYS. !
85 BARS REPLACE 4 BARS : NotE : paniL ) 13 srown
(HoRiZ. AND vERT.) AT TO REPRE SENT TYPICAL
SPECIAL LOCATIONS PANEL DETAILS. SEE
ADJACENT TO OPENINGS FIGURE 4| For paneL
.“1 AND LIFTING INSERTS . LOCATIONS AND Fiaves
S| S6e Nore, 4-3 FOR DIMENSIONS
- AND OPENINGS .
REFERENCE FOR PArEL
PETAILS : pEsianN
DRAMNGS Yo3-o5F
35,56 M0 ST .
L
_ e

A 6" _{

FIGURE 4-7.

WALL PANEL DETAILS



SEE FIGURE 4-5 FOR
- o DIAPHRAGH COMNEC TION

8W 31 ColwmN (TTP)

Pav 4
RE1
SE FEURE 4 POMLS @ 24" 0 ¢, @ EAST AP
o WEST WALLS SETWEEN COL. D Ad
H. %4 Dowss @ 20, ¢.C AL
OTHER PAMELS ’.l-
zc
*3@ 18"0.¢. BA. WAy
' TYR SLAS RF oy,
‘ ' .
. A - DETAIL A-A
POCKET FILLED Wit
% AT BACH CoLumm
2% peurs —H 3
13" Loné w/] gl %
wollies eniune danl p———— W

| | KFC FooTiNG SI18
S5 TABLL 4~

e

WALL SECTIOM 1361 3517

FIGURE 4-8. TYPICAL SECTION — EAST AND WEST WALLS
(NORTH AND SOUTH WALLS SIMILAR)

J E-8 EDAC
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AN BLDG ‘
Rrg EveL . R-7C 43 Floem

FACING
JCWELD TO 2§

= 4716 GA_STD. TRACK
2Ls 32K N} CHANNEL PAETINED

3- 34" BOLTS GA. LE6 o R@7o

SIDE WALL SECTION AT MEZZANINE DETAIL OF STUD WALL TO MEZZANINE

©® O

7'-‘1 2116 =
1
|

3¢ PIPE Colwmd

frees |

— )
1@

O -t i g E
POBERTION Fx (G-16 STREL DECK W 2K "

COMCRETE OVER REINF, W/ 6™ 6™ %10 v ® |0
Ew.w.m,

MEZZANINE FRAMING PLAN

FIGURE 4-9. MEZZANINE DETAILS
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27 WF ROOF BEAM
f?&"&i?:.. | CONT. BEAD OF mn. il &
‘ .
METAL SCRFNS(TYR) THIOKOL  CAULYE M0 C’ .DTOW”.
l Ry 4/ Ban S TAPOWa
‘ PLUS WELDS TO DECK METAL SCREwWS
R— (nms WHERE QuMNi
IS PARAUEL SHEET ROk
. m (rvP)
k.
r‘f —

TYPICAL STUD WALL TO BEAM CONN;CTIM TYPICAL STUD WALL TO METAL PAN CONNECTION

*
T
O

|

TYPICAL STUD WALL TO CONCRETE FLOOR CONNECTION

FIGURE 4-11. INTERIOR PARTITION DETAILS
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N

Gluve Bos Nere
. Glove 8oz Yere
Atr Entrance

Alr Entrance

Inert Gas Entrance
Inert Gas Entrance

Blend Box

deigh Box

Unloed Box - Stater Furnace
Dry & Mil) Bon

Load Box - Sinter Furnace
Press Box

0.0. Grind Box

Granulator & Screening Box
Transfer Box

Inspection Box

Weigh Box

Pin Loading Box

Waste Packaging Box
Oissolution & te Preparation
Balance Box

X-ray Fluoresence Box
Emission Spectrograph Half Box
Arc Spark Box

Inert Gas Fusion Box
Metallography Preparation
Metallography Observation

Wet Chemistry Box

TGA Equipment Box

Power Processing Box

Sintering Furnace Box

Pellet Pressing & Granulator
Tronsfer Box

Arc Casting Box

fuel Pin Weld Box

Glove Box (AEC)

* Boxes of Most Concern
** Boxes of Secondary Concern

23

ot et
» »

T T T T T Lot ot
- | =5

=

LR B R L R R L RAE R R Rl L B R Rl Bl B B ol
e

,.?'-
ek R

TABLE S-1. SUMMARY OF DATA FOR GLOYE BOXES
Box Size Box Weizht | Suoovort Stand
(0 stn.xin ) | (lbs i _ | #ergnt (tos )
36x30/23x3) 3% 150
36230/2 133 350 150
36x30/2333 350 150
36x30/23:3) 150 150
B4x42:42 1200 400
42x42x48 700 —
84x30x42 900 300
B4x42:42 1200 400
B4x30x42 900 300
B4x42x48 1800 400
Bax42x48 1800 400
BAx42x42 1200 400
2524242 500 280
B4x42x48 1200 wo
42x24242 500
BAx42442 1200 400
B4,42x402 1200 400
B4x42:42 1200 00
42x20x02 500
42:42:42 700 280
A2x42x42 700 280
A2x24x42 100
BAx42:42 1200 400
BAx42x42 1200 400
B4x42:42 1200 400
Bax42:42 1200 400
B4x42:42 1200 100
142245248 2400 800
B4x42.48 1200 400
BA42242 1200 00
69224242 800 400
12x42x42 1000 400
48232233 S00 280
844242 1200 400

Comment

Traperoid Side
23" - upper dimension
30" - lower dimension

2" thick steel plate installed in the box
2° thick tee! plate installed in the box

Deleted, Move 8- to Sta. 10
Stud Outs Only for Future Box

Estimated Box Size
Estimated Box Size




TABLE S-2. EQUIPPENT STRUCTURAL MEMBER PROFERTIES

(orponent Depth Thickness "t o . Sectien "';"“
(quipment |tem Designation (in. ) {in.) Unit Weight Inertia, 1| (0. 7) S$(wm.%)
_—— -

Glove Bos Statnless Steel - 0108 3wl 16w 0? 220 x 02
Sheet Metal 8 ga ) (per 12 in.) {per 12 in)

Stainless Steel g 0.164 - e e cax? s38at0?
Sheet Metal (12 ga (per 12 tn.) (per 12 tn.)
at Too & Enas)
2

? H

Window Frace Angle ' ' 08 b/t $6x 10 s2aw¥2sx0
12 1-12" a

18"

e

2 2 3

Grating Bars ] N 7.7 W/t 1S x 10 /58 lﬂ’. 3.2 2 00°°/5.86 x V0

A AL S |
25 1.5 Beam - 1.5 b/t 2.930.59 1.95/0. 47

S5 10 Bear - ! 10.0 W/t 2o 4.92/0.81
(Boxes 7 3 8)

Ica 4 I/t 1.66/0.20 1.10/0.20

V- ; Tube Leg (1 : BRI 3.2 x 02 senr?

2-1/47 ¢ Tube Leg " 2.7 wint 0.46 0oa
(4 ga )

Level ing Bolt ; ; 23x2107?
W .

Glove Box Room 8" ¢ Sch. 10 Pipe ¥ ; 13 4 v/t ma 82
Exhaust Durtwork

Room Exhaust 36" x 30" Duct . v 19.4 16/1t 619/814 € 28/45 24
Duc twork (22 9o )

Air Supply MY x4 Duct i ¥ 22.9 W/t 14107957 64 09/% 30
Duc twork (22 ga )

Exhaust Stack 0% ¢ 1/8 64.0 1b/1t sax0’ 22200
Storage Container | 4° 4 Sch. 40 Pipe y 108 o/t 1.3 ia

Storage Rack Frame]l 2.8() 1.5 " e 230 W/t s 2/ 16.28/9 69
a5 ; : 5.4 b/t 3.85/0. 32 1.93/0.28
L3x2x/4 : TR YT 1.09/0. 39 0.54/0.26

26 )13 : 26 0 Ib/ft W .8/4.12 1.6/1.91
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Equipment
Component

e —

Glove Box Structure
and Attachments

Glove Bos Support
Stand, Storage
Rack Frame

Glove Box Support
Stand Pipe Legs §
Storage (ontain-. s

Glove Box Leveling
Solts, Pipe and Duct
Supports, Miscellaneous
Balting and Connections

Glove Box Window

Glove Box Welded Studs
Ultimate Tensile Load
Maximum Shear Load

Exhaust Duct

Glove Box Support
Stand Tle Down
to Fleor

einfianiguid

R 4159

TABLE S-3  EQUIPMENT MATERIAL PROPERTIES (VENSILE UNLESS MOTED)
Yield Strength F Ultimate Strength
Modulus of
Lower Upper Lower Upper Elasticity
Material Min. Spec. Median Bound Win. Spec |Bound Median | Bound €, (ksin o
Identification (kst) (kst) (kst) (esi) (kst) (kst) (kst) (kst) average)
Type M4 25 » " Bs 1 L1} 8s 89 )
Stainless Steel (0.2% offset)
ASTH A6 % “w “ “s 58 64 8 A ] 20
M AS) 15 ns L3 “ [ 65 69 " o
Grade 8
ASTN AJO7 » 40 4 “s 58 o4 68 7 %0
/8" Plextiglass - - - - -~ 1200 164 2N 0.45 (0.35-0.5)
Type 304 - - - — 2000* 2800 1300+ -
Statnless Steel - - — —_ — 1800* 2100* 2500 —
ASTM Ad4s N » L) “ “ “s 54.% 60 20
Grade A
Pullout B44 1003 ”n
OMARK Powder — -— — — -
Actuated Shear o 1404 1658
casteners

“* Flesural modulus of Rupture
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16GA SEIN
‘! R i TACK wELD
- | TO GRATING
10.0. TUBE 11GA. .
) wELD TO 1-88ams|] AN [-BEAr
; t (2 pes) :
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’ ]
\ / )
) i : SECTION A-A
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FIGURE 5-6. GLOVE BOX AND SUPPORT FRAME ANCHORAGE DETAILS
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