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SEISMIC EVALUATION OF BUILDING 102 OF THE GENERAL ELECTRIC VALLECITOS
NUCLEAR CENTER

SUMMARY

The Ingineering Decision Analysis Company (EDAC) and the Los Alamos Scien-
tific Laboratory (LASL) were engaged to determine the structural consequences
of vibratory ground motion and fault displacements on Building 102 of the
General Electric Vallecitos Nuclear Center (GEVNC). This study is an increment
of an assessment made Dy the Nuclear Regulatory Commission (NRC) to determine
the risk associated with the operation of this facility. About 95% of the task
of evaluating the structural consequences fram vibratory ground motions and
from faults intersecting the Radioactive Materials Laboratory (RML) cells was
performed Dy ZDAC. LASL completed EDAC's structurcl evaluation study and de-
termined the consequencas of faylting on the Advanced Fuel Laboratory (AFL) and
the dasement area.

The structural evaluation studies focused on the areas of concern (those
parts of Building 102 that may contain a significant inventory of radiocactive
materials); however, noncritical parts that could influence the response of
the areas uf concern were included in the amalysis. The areas of concern are

l. the critical glove boxes,

2. the AFL located witain the basament area,

3. the AML cells, and

4. the Plytonium Analytical Laboratory (PAL).

The noncritical areas included in this study are the high- and low-bay areas.

The structural features of 3uilding 102 were examined, and the interrela-
tionships between the different areas were established. Cach area was then
analyzed for structural consequences of vibratory ground motions, faulting, and
concurrent sefsmic events. Some important resuits of the structural capacity
evaluation for vibratory ground motions follow.

® The start of structural damage to the AFL critical equipment occurs at

about 0.7 g's PGA (peak ground acceleration).

e Except for local cracking, the confinement integrity of the AFL will

be maintained up to about 0.9 g's PGA.



¢ Cracking in the RML cell structure starts *; occur at about 0.9 g's
PGA.

® The PAL could suffer a loss of confinement -tarting at about 0.5 g's
PGA.

Other noncritical structural components or systems could be severely dam-
aged at PGA Tevels below 0.9 g's; however, their callapse does not influence
the confinement integrity of the areas of concern. A summary of the resylts
of the analysis for the major systems and components is given in Table I.

TABLE I
ESTIMATED CAPACITIES OF SYSTEMS IN TERMS OF PEAK GROUND ACCELERATION?

Mean Capacity Peak Ground

System £lement Acceleration (g's)
Low=2ay Roof Connection to Shear Walls 0.6
8lock Walls - Face (Face Loading) 1.0
8lock Walls (Stee! Frame) (Face Loading) 1.0
Precast Concrete Walls (Face Loading) 2.9
High-3ay Roof 1.0
South Wall (Face Loading) 1.0
East Wall (Face Loading 0.7
High Block Walls (Face Loading) 0.4
RML cells Overturning 1.0
Cells, Ground Floor 0.9
Sasement Slab, Columms, Footings 1.0
Exterior Walls 0.6
Squipment Glove 3oxes 37, 39, 41, 44 0.6
Glove Boxes 23, 50, 51, 51A 1.0

3 Peak ground acceleration (PGA) s that acceleration to which criteria
response spectira are anchored at the zero period.



The study on structural .onsequences from fault displacements and vibratory
jround motion originating fram the postylated Verona Faylt included only the
areas of concern. Some results from this study follow.

¢ Regardless of the direction of the seismic event, the important above-
grade RML cell structure would maintain its confinement function, byt
could be displaced from its original position.

The RML cells would not overturn.

e Passive soi! pressures will damage some below-grade basement and cell
walls with the amount of damage depending upon the magnit.ide of the
fault movements.

® The ventilation ducts detween the RML cells and the secondary filters
‘n the basement would probably be damaged.

e The hydraulic rams that open and close the heavy shielding doors would
Se damaged and probably become incperative.

e The PAL could suffer a loss of confinement sither fram the faylt dis-
placaments or from the vibratory motions.

Structural damage scenarios that describe pétential damage to the facility

at various Tevels of faylt movements are presented in Section V.

[. INTROOUCTION

The US NRC has undertiken a project to examine *he capability of commercial
plutonium facilities to w thstand adverse natural shenamena (seismic, severe
weather, f’.c:ma*im;).1 A review team is used to provide the interdisciplinary
expertise necessary for the analysis of each facility. The seismic structural
Capacity analyses for these facilit es are performed by EDAC. Ouring EDAC's
review of the GEVNC plutonium laboratory, NRC determined that EDAC corporately
w2s ‘nvelved in other work for the General Electric -ompany that gave the per-
ception that a conflict of interest conrld exist.

"RC subsequently regquested that LASL independent!y assess the General £lec-
tric facility for its capability to withstand seismic forces. This included
review and use of the EDAC work to the extent applicable and consistent with
the guidelines used throughout the natural phenamen: study.



For the natural phenamena reviews, the Natnan M. Newmark Consulting
ingineering Services (NNCES) provide overview consylt tion to the NRC staff
ang their consyltants for the site seismic characterization and the structural
and equipment capacity evaluations resulting in a second independent review
and issessmnent,

This report contains the results of LASL's and EDAC's assessment and anal-
yses of 3uflding 102 components for the effects of seismic vibratory ground
motion from the Calaveras fault and offset ram the postulated Verona faylt.
The methodology, assumptions, and resylts of the anaiyses are discussed n de-
tafl in subsequent sections of this report.

The examination of the Building 102 capability to withstand seismic phenom-
2N3 was ungertaken in a manner consistent with the natural phenamena review ap-
orcach, that is, using most Tikely values of parameters. Thic approach, for
structural and equipment capability, consists of incremental increase in struc-
tural Toading to establish damage levels. This provides several Jevels that
ire related to sefsmic recurrence interval and attendent failure scenarios for
use on subsequent increments of the overall facility risk assessment.

Subsequent to the initiation of this natural phenamena avaluation, the
Jnited States Geological Survey (USGS) postulated the existence of a dip/slip
fault Tocated on the General flectric nrooerty.z This postulation was later
medified to identify the faylt as a possible thrust ‘eature.3 An initial
ceterministiz analysis was prepared by ZDAC to determine the capability of the
AML cells to withstand a thrust faylt. Subseguently, sther components of
3uilaing 10Z were examined far cansequences o incrementally increasing fault
displacements. Therefore, this report includes the resylts of the structural
analyses for the shaking, faulting, and combined seismic events.

II. SITE AND FACILITY DESCRIPTION
A, Site Jescription

The GEWC is located in the southwest cormer of a site that has an area of
approximately 1534 acres.‘ This site {s situated on the north side of the
Vallecitos Valley, which is separated from the larger Livermore Valley to the
north By a range of hills. The floor of the Vallecitos Valiey is approximately
three to four miles in length and a mile wide. The alevations in the sortion
of the site occupied by the VNC range from 420 %o 500 #% above sea leve!l.




The site slopes gently %o the south. Sedimentary materials consisting of
31 uvial deposits of gravel, sand, silt, and clay underlay the study area.
These deposits include the Livermore gravels. The total soi! thickness (ally-
vial plus sedimentary deposits) at the site s probably several hundred feet.
8. Facility Description

The layout of the GEWNC in the vicinity of 3uilding 102 is shown in Fig. 1.
8uilding 102 was constructed in 1956 an¢ 1957. Modifications were made during
the period from 1963 to 1974. The foundations are spread footings and bell-
Sottom caissons as shown in Fig. 2. It is of modern construction and was de-
signed to camply with the provisions of the 1952 Uniform Building Code. B8uyild-
‘ng 102 is a one-story structure with a partial basement under the eastern half
(Fig. 2). OQffice and laboratory areas are locatad on the ground floor, and the
AFL is located in the basement (Fig. 3). The RML cells are located in the
southeast corner of the ground floor (Fig. 3). The elevation of the roof above
the "ML cells is greater than the roof elevation of the remainder of Building
102. The regfon with the highest roof is referred to as the high-day area
whereas the remainder of the ground floor is referred to as the Tow=bay area.

Precast concrete panels, metai siding, and glas: form the exterior walls
of 8uilding 172 (Fig. 4). Interior walls are constructed of 3-in. reinforced
concrete bicck, 4-in. reinforced concrete bSlock, and wood studs with jypsum
doard (Fig. 5). About half of the 3-in. block walls are infills in the struc-
tural steel framing. 7The roof is supported Oy structyral stee! framing that
includes structural steel tudbular columms. In the high-day area, the RML calls
give support to the roof.

Specific areas in Building 102 may contain a significant inventory of
radfoactive materials at risk. These areas of concern are

1. the PAL,

2. the RML cells, and

3. the AFL.

These areas are therefore the most ‘mportant in safety considerations and will
hereafter be referred to as the critical building areas.

The PAL, shown in Fig. 6, is located on the ground floor of 8uilding 102
and above the Dasement area. The walls of the PAL are constructed of precast
concrete panels on the east side, 3-in. concrete block on the north and wes:
sides, and 4-in, concrete block on the south side.
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The WML cells are massive reinforced concrete bdoxes that extend fram the
basement foundation Tevel to about 17 ft above the ground floor (Figs. 6 and

T AFL 1s Tocated within the basement area (Fig., 7). The AFL perimeter
walls consist of reinforced concrete and concrete masonr:; walls. The basament
area exterior walls are constructed of reinforced concrete. The heavy rein-
forced concrete dasement roof slab s supported by the basement walls, by the
riinforced concrete columns, and by the interior walls. The extarior bHasement
walls are supported on concrete footings. The basement floor slab is not con-
rected structurally o the walls, colummns, or footings. The critical glove
boxes and exhayst equipment in the basement have recently been modified and
connectad to the basement construction to provide additional seismic support.
C. Seismic Characterization

To proceed with this study, we needed a characterization of the seismic
hazard. One source of sefsmic activity at the VNC site is associated with the
Calaveras Fauit.4 The Texnexron Inergy Resources Analysts (TERA, Corporaticn
conducted studies that addressed the seismic characterization of events from
this source.

The Calaveras Fault is a major structural feature that extends along the
entire western side of the Livermore Valley, and its existence, capabpi!

Hity,
and location are well documantad., The site response spectri recommended Dy
the TERA Corporation was the 50th percentile alluvium spectra contained in
WASH-1255 (USAEC, 1973) scaled to the desired peak acceleratic. (Fig. 3). The
rclationship between return periods and peak ground acceleration was developed
by the TERA Corporaticn, and it is shown in Fig. 9. Newmark recommended that
a peak ground acceleration of 0.80 g's be used for anchering the site response
saec:ra.s

Angther source of seismic activity, a postulated geolegical fault referreg
%0 as the Verona Fault, is bSelieved to intersect the VNC site.z [t nas been
classified as a rignt lateral thrust fault with an unknowr “ip angle. The
strike 0v .ne faylt in the vicin’ y of the WC is approxinately along an azi-
muth of 125° (north reference). Its capability and exact location is still
under study; therefore, to initiate studfes on structural cinsequences, the
foilowing capability criteria were employed in these studies.

1. Peak ground acceleration, 0.50 g's.

-]12-
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Maximum fault displacament, up to 3 ft.
Oip angle, 15° to 45°,
Concurrent events, 0.40 g's horizontal PGA with siip and thrust up to
8 ft.
Because its Tocation has not been established, the Verona Fault is assumed to
occur at any site location along the fault strike orientation.
D. Soil Properties

The available soils data for the VNC site are given in Refs. 7 and 8. The
site is underlaid by approximately 45 ft of very dense clayey sand and gravei
with occasional pockets of clay. The ground water level is at a depth of ap-
proximately 20 ft. The upper surface layer is underlaid by very stiff to hard
gravelly clay (Livermore Gravel) to a depth of several hundred feet. The sur-
face materiais are characterized by an in-sity density of 135 1bs/ft3 at a
15% moisture content. The results of consolidated-undrained (consclidated-
quick) triaxial sof! tests indicate a Mohr-circle envalope defined by the Cou-

Tomg equation with a shear fricticn angle of a = 20° and a cohesion in-

tercept of oy * 1400 psf. 6 This is an extrenoly large value of conhesion
for a clayey sand. No attempt was made to interpret the test values in terms
of effective stresses or the general behavior of cohesive sands. The test
values a. reported were used. The ultimate bearing capacity of the soil is
ag * 20 kst

8y including the effect. of soil-structure interaction resyiting from
shaking, the shear modulus of the supporting soil must be estimated. Also,
the soil shear modulvs must be adjusted to compatibility with expected maximum
soil strains. Using Refs. 8-11 for guidance, we estimated the equivalent soil
shear modulus at 8330 psi (1.2 x 1070 psf).

= L oy
. . .

[IT. BACKGROUND AND BASES FOR STRUCTURAL AND EQUIPMENT ANALYSES
A. Introductinn

NRC requested that LASL assess the completeness and adequacy of the ZDAC's
structural evaluations of Building 102 of General Electric's Vallecitos Nuclear
Center and, as necessary, revise and amplify EDAC's reported work to complete
the analysis. To fulfill this request, we had to review EDAC's studies.

21l



The description of EDAC's investigations of Building 102 and its strength
evaluations are presented in three unpublished reports that are refarred to as
the Task I,12 Task 12.13 and Faulting Analysis r'eoor'.s.14
contains information such as structural details, behavior of structural ele-
ments, strength capacities of structural element construction materials, and
material properties, that is needed in assessing the strength capacity of
3uilding 102 and its substructures. No safety-related structural strength
assessments are given in this report.

The factual information in the Task [ report was verifiad in a number of
isolated instances. Oimensions, reinforcing steel, construction details, ang
construction materials were noted in the report ard compared with the corres-
pending items shown in the construction drawings. No discrepancies were found.

E0AC's analysis and evaluation of 3uilding 102 to withstand garthquake vi-
Sratory motions are documented in the Task [I report. This investigation in-
cluded the entire building; however, the RML cells and the AFL that is located
n the basement area were empnasized in the study. Oamage scenarios (level of
expected structural damage vs expected earthquake peak ground acceleration re-
turn period) are included ‘r this report.

The Faulting Analysis report documents EDAC's analysis and evaluation of
the structural consequences of postulated faults intersecting the RML cells.

In 2daition, structural consequences of concurrent faulting and earthquake vi-
Sratory motions are assessed.

The review of ZDAC's Task [I and Faulting Analysis reports included exami-
natfon of the assumptions, the calculatiomal methods, and the analysis methods.
Checks wers made to determine if the conclusions matched the documentation and
computational information und if * e information used in the calculation cor-
responded to the information documented in the Task [ report. Sources of in-
formation and assumptions were noted. Evaluations and computatien not fully
camprehended were noted for further consideration.

After both LASL and NNCES had reviewed the studies, LASL met with NNCES to
1iscuss EDAC's studies. We agreed that the items identified below warra-ted
additional attention.

1. The loadings and resistance of exterior basement walls.

2. The PAL located on the first floor.

The Task [ report

17~



3. The structural interaction between the ML cells and the basement

structure.

4. The secondary filter bDank locatad in the basement.

$. The expected mode of dehavicr associated with the combdined fauiting

and shak ing criteria.

6. The consequences of faults intersecting the basement and AFL.

EDAC's treatment of items 1, 3, and 5 was reviewed in detail. The wall
Toauings were revised by LASL to always correspond to 3 cohesive sofl. LASL
agread with EDAC's conclusions relating to items 3 and 5; therefore, no signif-
icant changes were made here. LASL included items 2 and 4 in the discussion of
the capacities of the structural systems that influence the integrity of the
PAL and the secondary filter bank. LASL alone considered item 5.

Descriptions and discussions of the methodology and technigues and results
of the structura! capacity evaluation of Building 102 and its eJuipment follow.
The evaluations focus on those portions ~f the structure and critical equipment
systems whose failure or loss of function could result in possible hazardous
release to the env ‘ronment. EDAC's descriptions, figures, references, discus-
sfons, and strength arsessments are directly incorporated into this report
wnenever thay are cons’dered appiicable and acceptable. The descristion of
LAL's analyses are also included in this report, and the final strength as-
sessments refls % those of EDAC with medifications and changes by LASL.

3. Methodolicgy «1d Technigues

1. Separation and Interdependence of Component Parts

To facilitate the structural evaluation of Building 102 and its equipment,
we divided the overal! analysis into five parts. The study focused on the
areas of concern, which are, in the order of descending importance,

1. the critical equipment,

2. ‘the AFL and the basement area, and

3. the "ML cells.

Other areas that could influence the areas of concern were also analyzea.
They are

4. the high-bay area and

5. the low-bay area,

-18-



The structural interactions between the parts and systems were considered
‘n the overal! evaluations. The interactions between the bu. ding system are
indfcated in Fig. 10, To include the influence of tne noncritical areas ypon
the areas of concern, we first evaluated the noncritical areas. The benhavior
of the equipment is dependent upon the behavior of the 3uilding 102 structural
systems; therefore, the equipment was evaluated after the structural analysis
was campleted.

The descriptions of Building 102 structural systems, camponents, and crit-
ical equipment are given in the Appendixes. Discussions of the structural de-
tatls that most influence the responses of the systems are 1lso presented in
Appendix A.

The strength capacities of the subsystems listed above were evaluated sep-
arately for vibratory ground motion, faylt displacements, and concurrent yvi-
dratory ground moticn and fault displacaments. The exceptions were that the
Nigh- and Tow-bay areas wers not specifically evaluated for structural conse-
Juences for fault displacements because the consequences of their collapse
wou'd be no more severe than for vibratory motions. Also, these areas are not
areas of concern. The ML cells are within the high-bay area, byt they are
evaluated separately. The PAL is located in the low-bay area and above the
Sasement area; therefore, during faulting, its structural capacity is deter-
mined Sy ‘ow-bDay collapse from vibratory motions or by large deformaticns of
the Basement roof slab. The assumptions and methodology associated with each
of these evaluations are given in the succeeding sections.

2. Vibratory Ground Motion

The vibratory mtions are characterized by the 50th percentile alluvium
spectra contained in WASH-1255 (USAEC, 1373) as recommended by the TERA
Carporation (Fig. 8). These spectra are scaled to the desired peak accelera-
tion.

The analysis includes the elastic and inelastic plastic reg‘mes. Response
spectrum techniques were used in the analyses along with conventional static
analysis methods. The ductility method of analysis was selected for assessment
of nonlinear response and capacity of structural systems for inelastic behav-
fer. This approximate method ‘s an adaptation of the modal spectral method of
dynamic analysis.15°19 General damping and ductility data that were used in
the response spectra analyses are given in Table II.5 Cxpected damage lTevels
corresponding to incremental peak ground accelerations were constructed.
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TABLE II
OAMPING AND DUCTILITY DATA

(FROM NEWMARK )~
Damping
Construction Percent of Critical
delded stee! S5-7
Re aforced concrete 7-1
30ited steel 10-15
Quctility
[tom yoh Factor

v

Light equipment
Concrete in shear or comgressisn

1.0
1.5
Concrete in flexure 2 %5
2

wr n

L I S

2
Q

v

-

5 to 10
5 to 3

Steel in tension and flexure
teel in compression

Secause 3uilding 102 fs of relatively Tigntweight structure, and because
the sofl data ndicate sti®f and dense foundation materials, soil-structure ine
--~3ction was not generally considered. Soil-structure interaction was, how-
ever, considered in the analysis of the heavy ML cells for vibratory ground
motions. Soil-Tiguification was not considered credible because of the high
sofl density (135 pef), the level of the water table (at least 19 #t below-
grace level), and the large range of soil grain sizes (less than 0.03 in. to
.8 in,).

Fault Movements

"ust faulting resuits in a decrease in distance between refarance points
Tocat.c on the surface of the faulting blocks. This general characteris’ ¢ of
free-field thrust faulting is indicated in Fig. 11. =or a rigid structure po-
sitioned across the fault, the shortening effect cannot occur; therefore, the
sof 7 must deform. Assuming the fault kinematics indicated in Fia. 12, the es-
timated soi! deformation is tcos9/2. The selected fault displacements are ax-
pectad to produce soi! deformations fram 2.9 f% to 4.0 f¢.
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3 - Dip Angle, 15°<3<as®
t - Thrust <8.5 m

s - Sifp £8.5 ft

o

.80 g's ground motion without faulting

Faulting may occur at any location within
site along strike arientation

3.20 g's ground motion concurrent with 1.7-Ft faylt movement

Fig. 11.
Faulting study criteria.
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The thrust and s1ip of a fault will induce earth pressure 'cads an 2 syriecd

structyre. The fay’t movements must de iccommodated Oy either the strycture,
the seil, or both. To determine the failure mode, the pass’ve earth pressyres
TSt De estimated. Passive earth pressures zepend upon the magnituce of the
movement of 2 wall ‘nto 2 s0i7 mass. The amount of wall movement necessary to
activate the max‘mum passive resistance of a dense sand is within the range of
J-5% of the wal’ he*ght.zo’zz For a wall neight of 12 ft, displacements
within the range 0.25-0.50 ft activate the full passive resistanca of the soil.
The postulated maximum fay’t movements | currently under study) are expectes t3
%€ 2s great as 3.0 ft; therefore, full passive soi’ pressurec are assumed for
wal’s that can withstand the maximum passive pressures. Once the #ull passive
sotl oressure nas Seen activated, additiona) movements do not increase the
Jressuyres, wnhich is cur approach for the faulting amalysis in not iocking at
more severe movements,

The passive 2arth pressyres are 5ased on 3 cohes’ve so*7.22 The sof!
parameters for cetermining the passive pressures are the ‘nternal angle of
friction (=), the aghesion (2), the cohesion (2), and the wall rougnness angie
‘%), There is no availafile information on the wall acdhesion and the wal!l
"oughness ang’e. These two parameters increase the calculated resistance of
the soil. For uncertain conditions, Ref. 20 indicates that the wall friction
can Je taken is one-nalf of the internal angle of friction, and *he wall ic-
nes’on can be taken as one nalf of the conesion. The wall adhesien 3} was
therefore taken 2s c/2, and 5 was taken as /2.

The passive earth pressures distribution for a cohesive sail ‘s

D= Kp (Y2 +q) + 2¢ -i;-.
where p s the passive sof! pressure,

(3 s the passive soi! pressyre coefficient,

v s the sofl density (135 pef),

Z s the soi’ depth,

¢ s the conesion (1400 pcf), and

3 ‘s the surcharge pressyre.

Two basic Toading conditions caused by comdined thrust-siip faylting were
considered,

1. Passive sofl pressures caused by the shortening characteristics of

thrust faylting and the ~otational movement nducad oy slip faulting.
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2. Loss of continuous dase slab soifl support resylting in alternate sup-
port configurations for dead weignt resistance.
The strength evaluations were determined using equivalent static analysis

technigues for the postulated lcading distributions and the support conditions.

In the following sections, we discuss the analytical cases, the loadings deve!
oped fram the selected sefsmic criterfa, and the resylts.

The structural consequences from fault movements were evaluated using
determiristic methods. An yltimate capacity amalysis only wis used; however,
expected damage arising from fault displacements of different magnitudes has
Seen evaluated. The procedure for estimating the structural damage was o
select a fault movement magnitude and then estimate the structura) damage.
3ecause of the complexity of the sofl-structure systems, considerable judgment
was required in estimating the damage levels.

4. Concyrrent Vibratory Motion and Fault Movement:

The many sof] and structure interactions that occur when 2 building is
subjected to concurrent shaking and faulting are complex. 3ecause documented
cases of eng'fnecnd structures subjected %o this sesmic avent are rare, ex-
perience in treating this subject is severely limited, and considerable judg-
ment is required in evalyating structural consequences. A study of the inter-
actions Detween shaking and faulting was conducted, and preliminary damage es-
timates were made. As a result of this study, we assumed that faylting was
followed by shaking. BSecause any damage from shaking would de in addition to
any structural damage from fauliting, we believed that this procedure leads %o
the max ‘mum estimated damage to the structures.

{V. RESPONSE TO VIBRATORY MOTION
A, Low-3ay Area

1. Interactions and Assumptions

The Tow-bay area response to earthquake vibratory ground motions is nearl
independent of the responses of the ML cells, the basement, and the equipment
contained in the basement. Interaction between the high-bay and low-bay areas
is limited to a shear wall that they share (line 20 of Fig., 5).

The analysis of the low-bay area was a conventional eguivalent static loac
study based on the following assumptions.




@ The roof diaphragm is rigid relative to the shear walls.

The walls had rigidities and capacities only in the direction of their
lengths. '

¢ Each wall section was considered indiviaually because the steel columns

can provide only liwmited force transfer and strain continuity from wall
section to wall section.

£xcept for the inertial loading that they can contribute to the Tow=bay
area, the acditions to Building 102 were considered as separate structures.
The annex to 3uilding 102 fs structurally separate from Builaing 102 and was
not ‘ncluded in the analysis,

2. Description, Ofscussion, and Results of the Structural Capacity Study

The mass center of gravity of the roof diaphragm is required for hoth the
@lastic and ultimate capacity evaluations. The mass associated with the raoof
consists of the roof itself, the ceiling, the mechanical and electrical equip-
ment supported Dy the roof, and one-half of the mass of all walls that are not
se'f-supporting. The weight of the roof and equipment is estimated at 18 psf,
and one-half of the weight of the non-structural partitions is estimated to
average 24 psf for a total of 42 psf. Including the tributary weight of the
concrete block and precast concrete shear walls, the effective weight of the
entire lTow-bay roof system is 1160 kips. The center of gravity of the tribu-
tary mass to the aiaphragm is shown in Fig, 13.

The elastic camacities of the fndividual walls are given in Table [II.
Openings, such as doors iand windows, were considered in the analysis of capac-
'ty and rigidity of the shear walls. Rigidities were calculated considering
only shear deformations. Under elastic conditions, the capacity and rigidity
of the stee] columns are small; hence, their effect was neglected. The capac-
fty estimates given in Table III are associated with the dowels dDetwaen the top
of the walls and the steel roof beams or the Robertson steel deck. The center
of rigidity or shear center (located as shown in Fig. 13) was calculated using
conventional procedures.

Using 2% damping, the naminal elastic capacity of the low-bay area is about
0.05 g's PGA applied in either the N-S or £-W direction. The domirant deforma-
tion s torsion about the shear center. 3ecayse the interior partitions and
4-in. concrete masonry walls were not considerss as structural walls, this
elastic capacity estimate is ronservative,
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TABLE IIl
LOW-3AY SHEAR WALL CAPACITIES

Elastic Plastic
wall Capac ity Capac ity
No. (kips) (kips)
16-0-E 7.5 62.2
18-8-F 30.0 242.2
18-A-3 9.0 9.0
20-C-E 7.5
20-E-F 7.5
20-F-G 7.5
20-G-H 7.5 302.2
27-A-3 §.0 14.0
21.3-8-C 10.0 20.0
21.2-0-E 7.5 15.0
22-8-C 10.0 20.0
22-0-E 7.5 15.0
23-A00 10.0 20.0
23-A-E 2.5 45.0
23.9-A00 10.0 20.0
25-A-E 20.0 50.0
F-18-20 15.0 122.2
F-18-19 15.0
£-20-21 7.5
£-21-22 7.5 60.0
€-23-28 15.0 122.2
3-18-20 10.0
8-20-21 5.0 46.0
8-21-22 7.5
8-21-22 4.0
8-23-25 15.0 242.2
A-18-21 15.0 30.0
A-21-24 15.0
A-24-25 §.0 60.0
ADD-23-24 7.0 14
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The ultimate capacities of the individual shear walls are given in Table
{11, These shear wa'll capacities are determined Jy the capacities of the dowe!
connections Detween the top of the dlock walls and the stee] raof system, the
<7ip inserts that connect the precast wall panels to the steel roof frame, ind
the structural steel columns that project above the shear walls. The dowels
and cliz inzerts are brittle and fnelastic, whereas the stee! =2lumns are duc-
tile. Also, as the columns yield, friction forces develop Setween _he top beam
of 3 bounding frame and the shear wall; hence, the loss of dowe! capacity will
se partially compensated by the deve lopment of additiona’ capacity from the
shear walls until the walls collapse or the structura)] steel Joints fractyre.
The steel columns provice siightly more than cne-half of the total latera!
tapacity, ang the brittle connections provicde the halance 3f the capacity, [f
strong ground motions continue far several Suilding periods, the concrete 5lock
«al’s without a bounding frame are likely %o collapse once the roof cannecsion
‘s broken,

The Tow-bay arez mean N-5 capacity is 345 kips. For all walls at their
mean capacities, the center of gravity of resistance ‘s shown in Fig. 13. The
distance between the mass and resistance centsrs of Jrav ity decreases as the
Tow=Day moves from the elastic to the nlastic regimes; hence, torsion affects
are not as great at yitimate capacity.

The damping, cuctility, and building period values are needed to estimata
the overall strength capacity of the Tow-bay area. Considering the connection
details and the nonlinear behavior of the low-bay strurtural glements, the
Jamping was taken as 10%. 3ecause the building period is unknown, the max ‘mum
amplification on the 10% response spectrum (Fig. 3) was used. Using a ductil-
fty of 1.85 and the maximum amplification of 1.55, the overall ampiification
factor is unity. Some of the low-Day shear walls are more severely strained
than others; however, decause the shear wall tests axnibited signivicant duc-
tility, the ductility factor of 1.55 can be justified.

The Tow-bay strength capacitiss were determined by dividing the estimated
uTtimate low-bay capacities by the product of the low-bay roof weight d the
overall ampiification factor. The estimater static capacities of the low-day
area are therefore 0.7 g's in the NS direction and 0.5 g's in the E-W direc-

tion.



Secause the PAL is Tocated in the Tow-day area, its strength capacity is
close'ly related to the capacity of the low-bay area.
3. High-Bay Area

1. Interactions and Assumptions

The nigh-bay area shares a shear wall with the low-bay area (Line 20 of
Fig. ). This wall was included in the analysis of the ‘ow=Day area; there-
fore, its resistance was not included in this analysis. The high-bay area in-
teracts with the ML cells decause the high-day roof derives lataral suppors
fram the top of the cells and, if the south wall or the concrete masonry walls
Tocated adjacent to the cells collapse, the RML cells might receive additiona!
'oading. Because the ML cells are massive in comparison to the high-bay
structure, we assumed that, in this capacity study only, the ML cells are
rigid. The anmalysis is a conventional equivalent static load study based on
the same assumptions uysed in the analysis of the low-bay area.

2. Descriotion, Discussion, and Results of the Structural Capacity Study

The yltimate capacities of the various structural elements that are in-
cluded im the high-bay structural system are found in Appendix 3. The dead
Toad of the high-bay roof system without the south wall is 24,5 kips.

For N-S motions, the south wall frames at plastic capacity can transfer a
max ‘mum horizontal force of 57 kips (1.0 g's static equivalent) to the reof
systam, With the roof cead Toad, the maximum possible disturbing force at
1.0 g's acceleration is 31 kips. The eight steel columns (lines 20 and 25 of
Fig. 13) and the steel bracing between the tops of the cells and the roof sys-
tem have 3 total mean resistant capacity of 133 kips; thus, the strength in the
N-3 direction fs Timited by the knee-braced frames to an equivalent mean static
capacity of 1.0 g's. Collapse occurs to the north toward the RML cells. [f
this wall impacts the RML cells, they will not be damaged.

The two N-5 high blcck walls (1ines 22 and 23 of Fig. A-6) would contribute
to the resistancz °f the roof system provided that they do not fail. The dy-
namic capacity of these walls is about 0.5 g's normal to their syrfaces [in the
E-4 direction); therefore, it is unlikely that they can survive to an acceler-
ation of 1.0 3's. Thefr effect on the resistance of the roof system was ne-
glected.
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For S-4 earthquake motions, the resistance to inertial forces is provided
Oy the perimeter columns, the roof-to-cel! steel bracing, and the £-W concrete
Slock wall that {5 located between the cells and that connects to the Robertson
steel deck. The total mean resisting capacity in the S-w direction is 153
«ps. Earthquake-induced horizontal forces in the £-W direction are less than
those induced by N-5 earthquake motions (81 kips); therefore, the roof system
's capable of surviving earthquake accelerations in excess of 1.0 3's.

The first structural element in the high-bay ..ea to damage wcul!d be the
two interior high block walls. Thefr capacity is about 0.5 g's, and they would
collapse around the RML cells. The next structural element to fail wuuld be
the east wall. Its capacity is about 0.7 g's, and it would fall to the sast
with possible damage to the east side columns. The capacity of the high-bay
roof is in excess of 1.0 g's, but, because it is connected to the RML cells,
ts capacity is determined by the overturning capacity of the RML cells.

C. RML Cells

1. [Interactions and Assumptions

The two AML calls are two-story reinforced concrete boxes. The groznd
floor reinforced concrete floor slab over the Dasement, the basement wall, and
the wall footing are continucus with tha cell construction. The structural
featyres of the AML cells are shown in Appendix 3. Figure 14 shows the sec-
tion through the window and equipment openings that determine the strength of
the cells., The lower 17 ft 4 in. of the cells are in contact with the soil on
three sides. On the north or basement side, the cells have a common party wall
with the basement. The basement floor slab is nct connected to the basement
walls. The heavy ground floor slab over the basement is continuous with the
cells on the north side only. The slab on gride on the other three sides of
the cells does not connect to the cells.

The analysis of the RML cells was performed using simplified engineering
arocedures to determine the structural co.sequences of vibratory ground mo-
tions. The cells are both stronger and more resistant to rocking in the £-W
than in the N-S direction; hence, a detailed anaiysis of the cells in the E-W
<irection was not considered necessary. 3ecause of the relatively heavy weight
of the cells, sofl structure interaction was considered in the dynmamic analysis
of the cells. The weight of the heavy shielding doors was included in the
analysis, but they were not considered to resist motions.

o3
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2. Descriotion, Discussion, and Results of the Structural Capacity Study

The total weight of ach cell unit is 2930 k1pg, and its center of gravity
s 18 ft above the n._: rooting level. or about 2 % above the ground floor
‘evel., The weight includes the weight of the high-bay roof that is tributary
to the cel’s, but neglects the weight of the small access wall that extends in-
to ang fs continuous with the basement system. The resylting mean soil pres-
sure under the cells is 3.6 kios/ftz.

The ground floor slab will resist rock ing motion. Reinforcing stee!

(28.79 *n.z) connects the floor slab over *he basement o the cells at “he
ground floor level. The mean axial tensile capacity is 1210 kips at yield of
the reinforcing steel. Considering the ground floor capacity to be that of the
stee] alone, overturning is incipient at a load equivalent to a static horizon-
tal acceleration of 1.0 g's. The basement wall has only a minor influence on
the response to motion in the N-5 direction.

A dynamic amalysis of the ML cell unit «as made to determine the fundamen-
tal period of vibration in the N-S direction. A simple single mass and fixed-
Sase mode! of tHe above-grade part of a cell unit ylelded a period of vibration
of 0.02 s; nence, the cell.structure was considersd to act as 2 rigid dody.
Another dynamic mode! was developed to obtain the vibration modes assoc fated
with sofl-structure interaction. The ground floor reinforced concrete slab
acts as a spring, and its stiffness was calculated assuming that the floor siab
3Cts as 2 deep Deam supported by the N-S Dasement walls. The soil-structurs
constants were calculated using “ormulas from Novak.zs The dynamic model is
shown fn Fig. 15 along with the values of the parameters. The first mode of
vidration is foundaticn rocking with a period of 0.14 s. The second mode (hor-
fzontal transiation) has a perisd of 0.076 s. Using 10X damping and a ductil-
ity of 2.0, the dynamic capacity is limited by the vertical reinforcing in the
walls of the ceils in the piers. The capacity level of 0.30 3's is associatea
with the start of limited cracking in the piers between ‘he observation open-
ings. The failure mode is shown in Fig. 15. The cells response elastically
up to thefr capacity.

Overturning of the ML cells fs not probable. The cell displacements at
the ground Tevel are limited by floor slabs. In addition, soil pressures ict.
ing on the below-grade part of the cells add resistance %o overturning.

13-



ROCF MASS, TRIS - 31.7 kips 23.2 kips Qa.'.J[q\../-\L..

CELL ROOF - 313.3 kips - l//::::;,///’
823.6 kips
-

ALL WALLS
a. Deformation in piers

CENTER WALL

PTERS BETWEEN WINDOWS
GROUND FLOOR ELF'ATION

v SOIL: G = 4320 kips/#e?
1584 kips S dids
2
5 = 120 1bs/ft”
El 3
S, * 3.92
47 kips C,q ® 4.8
SOIL 22 kips/f* Cyy = 2.5

-
-
-

20.55 x 107 kips/f2 s;x Z.

5. Oynamic model

Fig. 18.
Structural models.

38



Materfal from adjacent construction may collapse ants the cells; nowever,
damage to the cells would be negligible.
J. Basement and AFL

1. [Interactions and Assumptions.

The ML cells are monolithically connected to the basement roof slab ang
to sections of the south basement exterior walls, Also, the RML cells form a
part of the south basement anclosure (Fig., §). The basement roof slab serves
as 3 floor siab for part of the low-bay area. The PAL is Tocated an the ground
floor and above the basement area. Any collapse of structural eiements in the
Tow-Day area and above the basement area would produce additional loads on the
Dasement roof slab.

The basement capacity analysis was based on an equivalent static load study
and the capacities of the structural elements forming the bHasement structural
system,

2. Description, Discussion, and Results

A standard working stress analysis sivilar to *..at used in the original de-
sign was performed by ZDAC. This amalysis was used to identify possible weak-
nesses ‘n the design and to obtain an estimate of the leve! of conservatism in
the original design. The working stress design was satisfactory, and consis-
tent normal levels of conservatism were ysed.

An ultimate strength static load type analysis using yield line concapts
for assessment of the capacity of the basement riof slap, columns, and column
footings was also performed. The live load capacity at ultimate is about 700
'bs/ftz. This compares with an actual average live lcad plus the we ght of
the #alls and roof that does not exceed about 200 Ibs/ftz. The capacity of
the columns, walls, and footings is consistent with the capacity of the slab.
Collapse of the ground floor construction onto the slab may produce minor vi-
drations and cracking, but the basement roof slab will not collapse under this
loading.

3ecause the relative deformations between the roof and floor slabs will be
small, Tittle or no load will be applied to the block partition wulls around
the AFL and in a direction parallel to their length; hence, they do not act as
shear walls. The shear forces will be carried by the exterior concrete base-
ment walls. The interior concrete block walls are restrained against rotation




at top and dottom for deformations perpendicular to the wall face. As fixede
end Deams, their period of vibration is about 0.01 3; therefore, they respond
as rigid bodfes to earthquake vibratory ground motion.

Another evaluation was a pseudo-dynamic analysis of the outside reinforeced
concrete Dasement walls for out-of-plane loads that are produced by soil pres-
sures, The earthquake surcharge is associated with a 0.5 g's herizontal accel-
eration and, assuming that the wall acts as 2 simple neam, the basement walls
attain their yltimate strength at this loading. The seismic surcharge was com-
puted ‘n accordance with Seed and Whitman with a 0.6 3's maximum accelera-
:*‘cm.z5 An equivalent fluid pressure for one-half the soil unit weight dis-
tributad uniformly from top to bottom of the walls was used for :he sarthquake
surcharge. The analysfs used a trapezoidal Toading on the wall of 330 psf at
the top of the wall and 990 psf at the dottom of the wall. The wall neignt is
11 .

LASL and ZDAC conclyded that the reinforced concrete ceiling slab, column,
searing wall, and footing system have sufficient strength tc survive the verti-
cal Toads produced by the roof and ground flcor walls collapsing onto the slab
and Dy vibratory ground motion, The concrete partition walls are adequate for
s'milar vertical lcad levels. The capacity of the block walls for lcads normal
to their face is 1.9 g3's based cn the yield strength of the vertical reinforz-
ing stee! and assuming that they are connected to the basament roof and floor
slabs.
€. Critical Equipment

1. Interactions and Assumptions

The «irmyctural condition of the glove boxes is dependent upon the struc-
tural condition of the dasement floor and roof slabs and *he AFL block walls.
The glove bcoxes are connected to these structural elements, The ventilation
ducts are connected to the roof slab and the glove boxes.

The capacities of the glove boxes were detarmined using response spectrum
techniques and an equivalent static Toad study.

2. Descriotion, Discussion, and Results

Including the stand :nd the enclosed equipment, glove boxes 37, 29, 41,
and 44 sach weigh approximately 1300 1bs. Without equipment, they each weigh
about 1000 Tbs. The stand weighs about 200 Tbs. Without the bolted connection
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Jetween the glove dox and the stand, incipiant overtyrning would occur st a
herizontal static acceleration of 0.5 3's acting perpendicular to the face of
the glove bdox.

Horizontal loads applied perpendicular to the faces of glove boxes 37, 39,
ar 41 are resisted by the two 2nd stard frames. For motions in this direc-
tion, the first mode period of vibration is 0.09 s. If 2 load is applied to
these same glove boxes and in the direction of their length, resistance %o mo-
tion is aJrovided primarily by the rear three-leqged bent decause the centar Teg
‘n front is removable and no horizontal pipe hSrace is provided (Fig. 16). Tor-
sfonal motion is resisted by the two end bents and Dy the back bent. The peri-
9d of vibration of the assembly in the Tongitudinal direction is 0.2 s. Assum-
'ng elastic response and 5% damping, the cpacity is 0.7 g't PGA with the fail.
Jre associated with the failure at the foot of the frame connection and of the
connection of the tie downs to the frame. Failure of the tie downs would allow
the glove boxes to slide an the floor, but they will noc overturn; hence, the
JTtimate camacity is somewhat larger than 0.7 3's PGA. Even minimal yielding
w117 allow the glove box and stand to move and vibrate on the floer; therefore,
ne allowance for ductility is made in this assessment. Each of the corner legs
s connected to the floor slab by a "/4-in. dolt through the foot on the ad-
Justing screw (Figs. 16 and 17). These light connections were not cons idered
‘n the capacity evaluation. [f these light connections are considered %o oe
fully effective, the capacity of the glove box assembly is increased to about
1.0 g's PGA,

Glove box 23 is rigidly connected to the block wall sehind it and to the
reinforced concrete fluor slab; therefore, its capacity to resist moticn de-
pends on the conmnections and the wall and slab. 3love boxes 51 and 51A are
similarly connected to the reinforced concrete wall Behind the glove “7x and
the overhead reinforced concrete slab, whereas glove box 50 is connected o
the reinforced concrete floor slab and the overhead slab. These connections
are rigid in nature and resist relative displacements in Hoth horizontal 4i-
rections. They have a static load capacity in excess of 1.0 g's PGA,

The steel straps used for cunnections a ¢ stronger than the 1/4-in. and
3/8-in, Phillips Red Head expansion Holt connections to concrete sr concrete
block. The connections to the glove boxes are also stronger than the connec-
tion to th: councrete or the concrete block.
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RESPONSE TO FAULTING
A. Introduction

Structural consequences from faulting we-a not addressed for the low-bay
area. Except for the PAL, this part of b.. /ding 102 does not include critical
ireas pertinent to safety. The PAL is located above the hasement area; there-
fore, its structural consequences fram faylting are directly related to the
basament structure.

The high-bay irea provides protection for the working area about the ML
cells, and therefore it does not include critical areas. Structural conse-
quences from fauiting were not considered for this are..

3. RM. Cells

Pastive earth pressures that develop during faulting c.n be large and pro-
duce structural damage. The precise distribution of passive .-essures around
the perimeter of the below-grade walls is unknown and difficult to estimate.

A possible distribution is suggested in Fig. 18. The suggested distribution

fs judgmental and is presented only to show the basic disturbing forces imposed
Sy fault movements occurring under the RML cell foundation. This pressure dis-
tribution is partially based on a review of Ref. 27.

Secayse of the fault orientacicn, the full passive pressures will not act
normal to the RML cail or basement walis nor will the full passive pressure be
developed along the enti= length of these walls; however, in the analyses,
the helow-grade wai'ls were assumed to be subjected to a full passive pressure
distribution along the Tength of the walls., This assumption leads to overes-
timates of the applied loads and has the effect of neglecting the directional
properties of the faylt.

Three wall sections were selected (Fig., 19) for yield-line analyses with
full passive pressure distribution. Wall section (1) is a l- by 12-ft strip
of the 12-in, thick basement wall. The !ength of this wall is greater than
twice its height; hence, the 1-ft wide strip is used. Wall section (2) is a
14-ft by 9.5-ft by 1Z-in. RML cell retaining wall panel. Wall section (3) is
a 12-ft by 19-ft by 26-in. RML cell foundation wall. The aspect ratios of
walls (2) and (3) are less than two; hence, two-dimensional affacts are con-
sidered in the yield-Tine analyses of these walls.




\\\\ - /
> /
-/ 7 3asement A 1a Surface
- /
~ / bt
/f meW'S//
/_‘- -‘—t——- ’-—’
' 7 | o
Pé- & = *‘;Jh&&: =
" v -~
Cells :

Passible Fault Zone
p

"Jl/,/ Fault 8lock Motion

Passive Wall
/ Pracsure

Fault
Orientation

/ ML Cells '\\

Fig. 18.

Fault Tocation and suggested passive wall pressure distribution.

o



Cancrete:
£. = 3000 pst

-

f = 47 000 pst
/

Soil:
v = 138 157783
¢ = 1300 psf
el (::) Basement Wall
H N
. b -
*a@9 ,4*5@&‘ e |
! s
“J' ? —!—ol D 0.10
il | ~! |
“I - \
L '

ln.ou

Fig. 19.
Summary of wall yield-line analysi:,

-42-



#e consicer Ref. 22 to provide the best available procedure for estimating
the static passive resistance of cohesive soil. Using the sofl parameter val-
ues 2 = 30°, & s 15°, ¢ = 1400 ocf, and 2 = 700 pecf, the total horizonta!
wall thryst per unit width ? is given as

P e 12K W (aky + 2¢ /R2) H = 2.32 # + 4.14 qeh,
where H is the wall heignt.

The surcharge g is used only if the soil above the walls support a part of
3uilding 102. A conservative g-value of 250 pcf was used in the amalysis of
wall section (3). wWall section (1) had no surcharge and, because wall (2)
would fail before the full passive pressure was activated, the refinement of
‘ncluding the effect of g was meaningless.

For 2ach of the wall sections, the minimum value of the coefficient of
passive pressyre, Kp. needed to produce a csilapse mechanism was detarmined,
The yield-Tine collapse mechanisms and the coefficients of passive pressures
are indicated in Fig. 19.

The total thrust per unit width required to produce the yield-line collapse
mechanism and the maximum thrust dev:loped by passive earth pressures for the
wall sections are given in Table IV. Failure is expected whenever the passive
pressure thrust exceeds the thrust procducing the yield-line collapse mechanism.
The 12-in. wa'lls would therafore be expected to fail, wnereas the 36-in. wall
would not be expected to fail in flexyre,

The applied pressur2 magnitudes obtained from a yield-Tine amalysis repre-
sent an upper bound; however, consideration of deep beam affects (thickness/
span ratie < 1/4), ine-plane edge restraint,zs and the cevelopment cf membrane
forces will resylt in an underestimate of the total wall capacity. Considera-
tion of thesa 2ffects coupled with the assumptions on the passive pressure dise
tribution, yields wall capacity estimates of total wall resisiance that repre-
sent a lower bound of the total capacity. In addition to the yieid-line capac-
ity evaluation, the shear capacity of the 36 in. wall section was determined.
The resylts indicate that the shear resistance (assuming a punchout failure
mode and LI 110 o<%) is approximately 2qual to the yield-line wall thrust.
The wall capazity is therefore greater than the applied soi! pressure, and
failure of the 36-in. cell walls is not probable for the imposed fayiting cri-

teria.




TABLE 1V
APPLIED AND RESISTING LOADS FOR SEVERAL CONCRETE WALLS

Max imum
Yie'd-Line Collapse Passive Pressure
(p/H)faiY (p/H)max
(Tbs/ft) (Tbs/ft)
12-in. Basement--slab 970 11050
12-in, Cell retaining--wall 3130 12700
36-in. Ce!l foundation--wall 12130 12080

The failure of the 12-in. retaining wall panel does not have any major
structural consequences for the RML cell load-bearing foundation walls. The
panels serve only as a sofl-retaining wall, and thus the only consequence of
failuyre is entry of soil into the nonfunctiona!l below-grade space of the ML
cells. Failure of the basement walls will have only a2 minor effect on the
response of the RML cells. The ground floor slab that is integrally connected
to the cells transfers in-plane shear forces to the basement walls provided
the slab-cell connection remains effactive. [f the slab-cel] connection is
severed, the basement slab and wall system helps to prevent overturning of the
RML cells.

[f a structyre rests on both fault blocks and fault movement occurs, the
loss of continuous base support is probable. The final actual support condi-
tion cannot be predi-ted; hence, the supoort conditions that produce the most
severe structural stress conditions are gsed. The postulated support cases
considered (Ref. 29) are indicated in Fig. 20. In one case we assume that the
RML cell is supported at two edges and, in the second case, we assume that the
AML cell is supported near its middle. These two support cases are refarred
to as the simple span and cantilever supports. The passive distributions and
soil failure zones caused by fault movements are indicated in Fig. 20.

The basement walls and the basement roof slab are monolithically connected
to the ML cells. The effects of these structural elements were evaluated.
The minfmum vertical shear resistance of the basement walls and the basement
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roof slab was computed. The shear resistance of these structural elements is
about 30% of the total weight of 3 AML cell. This resistance is insufficient
to consider the basement walls and roof sladb to act as a support in the loss

of Dase support analyses.

The tensile strength of the basement roof slab was ca»nyted and compared
t0 the reaction required to prevent movement of the cell away r~m the roof
slab. The maximum tensile strength developed by the bHasement =oof slab is
bout one-nalf of the st-ength required to prevent cell movement away from the
slab.

The interaction of the basement floor slab with the cells was also evaluy-
atec. The floor slab fs not monolithically connected to the cells; therefore,
the interaction is directional. For passive earth pressures pushing the cells
towards the basament area, the basement flcor and the basement roof slab will
prevent large rotations of the cells. B3ecause of the postulated Verona Fault
orientatfon and movements, the cells would e pushed toward the Sasement irea.
Compressive axfal forces would then develop in the floor slab. Computations
indicate that the induced compressive axial forces will not buckle the hHasament
floor slab.

3ecause of the Tack of a specifically defined faulting criteria, the most
severe loading conditiuns have been assumed. The interaction of the basament
walls and basement roof and floor slabs with the AML cells is uncertain under
these conditions; hence, this interaction is neglected. Neglect of this inter-
action leads to an underestimate of the capacity of the ML cells to resist
seismic forces.

The lToss of continuous base support results in a redistribution of reac-
tions to the dead load (gravity) forces. These dead load forces wers assumed
to be resisted by the delow-grade box structure that consists of the foundation
walls, base slab, and cel: floor. Oistributed and concentrated dead loads sup-
ported by the RML cell foundation were transformed to a line load acting along
the cell box diagonal as shown in Fig. 21.

The cell box structure was analyzed as a simply supported beam and as a
cantilevered beam. The flexural resistance of the box structure was conserva-
tively estimatea from the axial forces in the steel reinforcement in the cell
floor and base slabs. The shear resistance was computed considering only the
concrete area in the foundation walls and the concrete shear strength,
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The analyses show that the slid steel reinforcement is stressed to aboyt
70% of the yield strength (47 000 psi) from the dead weight loads for doth as-
sumed support conditions. The dead loads produce shear forces w'thin the walls
that are about 50% of their yltimate shear capacity., The box structure is not
ndependent fram the above-grade cell structure; hence, the entire call has
greater resistance than the simple box deam considered in the analyses.

The loss of continuous base support beneath the RML cells leads to increas-
2d s0i] pressures at the remaining reaction regions. The effects of these lo-
calized soil pressure increases on the RML ce!l structure are examined, The
soil-bearing pressure is limited to 20 ksf; henc:, the contact area detween the
sofl and the cell cannot decrease below 2 value compatihle with the cell weight
ind the soi! dearing pressyre. Before determining the minimum contact area, we
had to evaluate the strength capacity of the base slab. The camputed bearing
pressures corresponding to the assumed mechanisms occurred within the range of
4-3 ksf. The dearing pressures in the vicinity of the assumed support poincs
will approach the ultimate sail dearing pressure of 20 ksf; hence, damage t2
the Dase s’ab s probable. Approximately 40% of the base slab area is bearing -
foundation wall; thus, the loss of slab resistance will simply transfer the
bearing locads to the areas directly beneath the foundation walls.

The wall surface shear forces that depend upon the wal) roughness and the
sofl cohesion are an additional consideration., The direction of these wall
shear forces depends upon the relative movement between the sail and the cell
foundation walls. These surface forces were assumed to act upwards when the
passive 5017 pressures were computed because of increasing the passive soil
pressure. An upward surface force would aid in supporting the cell, thereby
resulting in a smaller soil-bearing pressure. If the surface forces acted
cownward, the soil bearing pressures and/or soil bearing contact area would be
increased; however, the computed jassive soil pressures would be less. The
actual surface force magnitudes and directions cannot be determined without a
xnowledge of the exact fault location an  fault dip angle; hence, they were
not directly included in the cell support analyses.

We conclude that the above-grade RML cell structure will not suffer major
structural damage from loss of base support fram the defined fault displace-
ments. The cells have the strengtn to act as efther a simple or cantilevered
Seam. The foundation base slab could be damaged by the redistribution of soil-
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Searing pressures; however, its failure only affects the below-grade nonfunc-
tional space of the RML cells. The cell retaining walls could collapse and
soil enter the below-grade cell space; howaver, this does not affect safety.
L. Basament and AFL

1. Introduction

The procedure for evaluating the structural consequences was:

(1) Evaluate the strength characteristics of the structural olaments
and examine the intaraction between the different structural ele-
ments; and

(2) Assume specific fault parameters (location and dirsction) and
determine probable damage levels to the basament area, glove
boxes, and containments as the fault slip an. thrust increase.

The task of evaluating the structural consequences of faults is arduous.
Strengths of individual structural elements are simple to evaluate; however
structural systems coupled with fau't interactions are difficult to evaluate.
The basement structural system includes exterior and interior walls, columns,
and roof and floor slabs, all interacting to form 2 highly indeterminate sys-
tem. Indeterminate systems provide greater overal)] strength because the loads
carried by individual structural elements that become overloaded are trans-
ferred %o adjacent structural elements that ar: not overloaded. Collapse of
the system dces not occur until a sufficiently large number of structural
elaments fail; hence, a local failure does not lead to collapse of the entire
structure,

The evaluation of the loads that act upon the structure presents the major
difficulty in determining the structural consequerces. The loads determine the
structural behavior, yet they depend upon the structural bSehavior and fault
characteristics. The fault parameters--direction, width, and slip and thrust
magnit.des are currently unknown. Information on the soil properties at the
site is minimal, and the properties will change because faults disturd the
scil. In addition, the presence of structures within the fault zone can
Tocally change the fault characteristics. Little documented information on
the effects of structures on faults is available. The availabla information
is very Hmted.m Evaluations of the structural consequences of faults
fntersecting structures therefore requires considerable judgment.




CASL established that fau't movements cannot shear the dasament structure.
3ecause the dasement walls fail at relatively Tow passive so1l pressures,
forces of the magnitude required to shear the basement structure cannot Jevel-
00. The maximum passive soil pressures considered in this study were taken
from Ref. 22. These pressures were based on incomplete soil test data and on
undisturted soil samples. Ouring a fault the sofl would e Tocally disturded;
hence, its properties would change. The strength of disturbed soi! is less
than the strength of undisturbed soil. The weaker the soil, the less the dam-
age 0 a structure subje.ted to fault movements. LASL also assumed that the
fault movement rates were slow and that inertial forces could he neglacted,

g, Evaluation of Structural Damage From Faults Intersecting the 3asement

The primary confinement of the radicactive materials is the glove boxes;
therefore their integrity is the primary consideration in this stugy. We
Tooked at the structural action that can lead to damage or collapse of the
3'ove boxes.

Jhe primary confinement area has walls in contact with the sail an the
north and east sides as indicated in “ig. 6. A1l three of these wall sactions
are short (about 15 ft), and they could collapse in a fault; however, cnly the
collapse of the wall section on the southeast side could damage glove box 51
and possidly glove box 50. The two confinement walls in the northeast corner
of the Fuel Lab Zast may suffer slight damage, but they are not likely to cal-
Tapse. They are protected by the bSasement area that was later backfilled with
s0il, The heavy RML cells protact most of the south side; however, there are
three short basement wall sections that could collapse during a fault. These
wa'l sections are all about 20 ft fram the south confinement walls of the fue'
Tabs; hence, they pose no threat to the confinement walls unless the faul*
movements are severe, On the east side, there i3 a distance of about 20 £+
Detween the axtarior basement wall and the confinement wall of the Fue! Lab
West. The basement wall could collapse and allow soil to enter the Setween-
wall space; however, the fault movement would have to be in excass of about 25
ft before failure of the west confinement walls becomes credible. Collapse of
the west exterior oDasement wall could Tead to a par:ial collapse of the roof
s1ab over the space Hetween the basement ancd confinement walls; however, the
collapse hinge in the roof slab wou'ld form outside the drop panels. This would
not necessarily lead tc damage to the confinement wall because the wall and
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columns sould continue supporting the roof <lab over the fuel labs. Also, the
so'] pushing into the between-wall space would prevent the roof slab over this
space from collapsing onto the basement floor.

In the previous discussion, we examined the structyral consequences result-
ing from s!ip movements, but s!ip and thrust occur simultaneously, B8oth faylt
movements produce passive scil pressures. The cause of the pressures on the
walls was not considereq; hence, the evaluations remain valid, Passive soi!
pressures have a limiting value that is independent of the direction, provided
the soil is considered isotropic.

The vertical movenent caused Dy the thrust muvement tends to raise one
side of the basement structure relative to its oppcsite side. This movement
's the most severe when potential damage to the slove boxes and conf inement
area is considered. These vertical fault movements could produce localized
difisrential diczlacements in the structure as indicated in Figs. 22 and 22.
These differential vertical movements can lead %o crushing of the walls, both
exterior and interfor, in the fault zone width. This could cause a breach in
the Dasement confinement ang the primary confinement walls; however, because
these walls are located below-grade, their failure alcne would not resylt in
in cpen path to the atmosphere. 3ecause several glove boxes are attached to
an interior wall, these glove boxes might be damaged.

A vertical differential dicplacement can also produce the flexural failure
mode shown in Fig. 24, Two plastic hinge 1ines would form, one on each side
of the faylt zone. Because of the reinforcing steel, the slab section will not
collapse, but concrete debris could fall upon the glove boxes below the hinge
Tine and damage the glove boxes.

The vertical fault movement can also cause the floo~ slab to move upward
toward the roof siab. This action can severely damage the glove boxes that
extend from the floor to the rc ¥, The floor slab upward movement is 1imitad
3y the presence of the column footings and the interior concrate masonry walls,
As the floor slab tends to move upward, the column footings will pick up the
Toads; nence, the floor 313b upward movement is ]imited.

Both the roof slab and floor slab failure distortions are made more severs
by the thrust movements. Compressive forces develop within the planes of the
floor and roof slabs and the walls. These forces would cause the walls in-
slaps to buckle in the region of the fault zone because of the distortions in-
duced Dy the fault movements. The effect is to cause more damage to the 3love
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Jcxes through structural distortions and falling debris. For the most probable
fault orientation, only two or three of the glove doxes would be damaged.

The amount of damage is dependent upon the magnitude of the slip and
thrust. These evaluations have considered incremental s!ip and thrust magnt -
tudes of up to about 3-9 ft.

For the movement considered, possible penetrating cracks could develop and
paths to the atmosphere could exist, even though they would be of limited size.
Complete collapse of the roof slab into the basement area is not axpected.

0. Critical Equipment

Jamage to the glove boxes is dependent upon the damage to the basement
structure. Significant damage to some of the glove boxes might occur, partice
ularly if a part of the roof slab collapses into the basement area. The floor
to cefling glove boxes would be damaged if the floor ¢lab was pushed toward the
roof slab as a result of the upward movement of the floor slab.

¥1. COMBINED RESPONSE TO VIBRATORY MOTION AND FAULTING
A, Introduction '

Faulting was not considered for the low-bay area, and the vibratary motion
response of the Tow-bay area is discussed in Section IV.A.

Faulting consequences were not considered for the nigh-tay area, and vibra-
tory motion response is discussed in Sectien IV.3.

3. RML Cells

decause the effects of concurrent faulting and vibratory ground motion
(shakin)) are difficult to quantify, their interaction is closely examined and
discus-ed.

Shak ing reduces the sofl stiffness; therefore, the soi! deformations re-
quired to develop the full passive soil pressures would increase. I[f a wall
displacament of 3% of its height is necessary to activate the full passive
seil pressures and this displacement is increased by 40%, the required so!’
displacement is about 12 in. Fault movements of 1.5-3.0 ¢ would therefore
activate the full passive soil pressures; hence, the analyses for consequences
resulting fram the loss of continuous base support remain valid.

Vibratory ground motion has little influence on the fayiting response of
the cells; however, fauiting can influence the shaking response of the cell
structure, Faulting can cause damage to the below-grade cell structure and
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alter its foundation support conditions, thereby decreasing structural and sof!
stiffnes ces, redistributing the dead load stresses, changing the overturning
resistance, dec. :vsing the soil-struycture natural frequencies, and incre. ing
damping through large: displacements, disturbed sofl, and damaged structural
elements. These changes effect the below-grade part of the RML cells only, and
their response fs dominated by the soil-structure frequencies; hence, concur-
rent faylting ana horizonta) shaking should not produce significant additional
forces in the important above-grade cell structyre above those produced by
shaking alone.

The cell response to vertical vibratory motion requires examination. A
single mass mocde! with a vertical soi! spring and damper was developed using
Ref. 15 as a guide. The natural frequency was calculated as 6 Hz with the
effective soil damping of 41%. Using 10X viscous damping, a ductility factor
of 2, and the vertical response spectra (Ref. 5) for the facility site, ampli-
fication of the vertical ground motion is not expected, and the maximum addi-
tional vertical loading fram concurrent shaking and faulting is 0.27 g's (2/3
of 0.40 g's).

[n the faulting analysis, the redistributed dead loads caused by the loss
of continuous foundation support developed ahout 70% of the cell structures’
flexural capacity and about 50% of its shear capacity. The cell structure can
therefore support the additional loadings associated with the response of 0.27
3's vertical ground motion. The combined dead and seismic vertical loads would
decelop about 30% of the cell structures' flexural capacity,

Anaiyses that underestimate the overturning resistance of the cells, based
on static application of lateral forces to an isolated cell (ignoring soil and
structural restraints), indicate that the cells are stable for the given cri-
teria.

This study ‘ndicates that the effects of surface faulting will not signif-
fcantly affect the above-grade AML cel!l structure, hence, the combined stresses
in the cell structure above the ground floor slab are essentiaily equal to the
vibratory ground motion stresses resulting fram the 0.40 §'s ground moticon as-
sumed concurrent with faylting,
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C. Basement Area

From vibratory motion (shaking) alone, the Dasement walls reach their yl-
timate strength at a static equivalent PGA of about 0.6 g's. The basement
columns, slab, and footings reach their Capacities at about 1.0 g's. The PGA
for vibratory motion concurrent with faulting is 0.4 g's (Section II.C). Fault
movements of 4-6 in. can cause cracking in the basement walls, and larger fault
movements w111 produce more extensive basement structural damage. The evalya-
tion of the damage caused Oy concurrent vibratory motion and faulting is estab-
Tished by considering the damage levels produced by faulting and evaluating the
possible additional damage produced by shaking.

Faulting disturds the soil within and adjacent to the fault zone, and the
properties of disturbed soil are different from undisturbed soil. The strength
and shear modulus of disturbed soil is less than for undisturbed soil; however,
the damping in disturbed soil is larger. The increased soil damping would
probably neutralize any increase in structural response resuiting from a lower-
ed shear modulus. The structural response %o shaking could, however, bHe suffi-
cient to cause collapse of walls damaged by the fault movements, particularly
the intericr concrete masonry walls. Collapse of the masoncy walls can lead
t0 a path to the atmosphere and a loss of confinement. Shaking could alse
Cause an increased movement of the basement floor slab into the basement space
and therefore cause additional damage to the floor-to-ceiling glove boxes.
Shaking could also lead to collapse of part of the basemert roof slab that is
Tocated above the fault zone. Because of the large reserve strength of the
basement columns, collapse of the entire basement roof slab into the basement
space is not likely. Damage levels from concurrent shaking and faulting are
presented in Section VII.C.

0. Critical Eguipment

Ouring concurrent faulting and snaking, any damage to the glove boxes and
equipment would be principally caused by the fault displacements. B3ecause some
equipment supports may be structurally damaged from faulting, shaking would
tend to increase the damage beyond that produced By faulting alone. The safety
consequences of this event would be Tittle different from those from faulting
alone,




VII. DISCUSSIONS, RESULTS, AND STRUCTURAL DAMAGE SCENARIOS
A. Discussion and Results

The vibratory ground motion response analysis of Building 102 was divided
into the analysis of five subparts. These subparts, listed in the order of
their importance, are:
basement and AFL,

. glove boxes and exhaust equipment,
RML ceils,

. high-bay area, and

Tow-bay area (including PAL,.

The analysis of 3uflding 102 has Cemonstrated that the AFL (locataed in the
basement of Building 102) and its equipmant will not be structurally damaged
up to a PGA in excess of 0.6 g's. The reinforcing steel in the piers between
the windows of the RML cells will start to yieid at the ground floor level at
2.74's PGA. The low-bay area, and therefore the PAL, will be severely damaged
at a PGA of about 0.6 g's. The three high block walls adjacent to the ML
cells ara estimated to have an ultimate capacity of 0.5 g's.

3ecause of the dependency of response on the exact character of the postu-
lated Toadings and the uncertainties in compeonent capacities, the quantitative
estimates of ultimate capacities include considerable judgment. Many of the
components have ultimate capacities that are large relative to their limits of
2lastic behavior, whereas some of the components exhibit brittle characteris-
tics. An infinite number of response paths exists between the total system's
elastic behavior 1imit and its ultimate capacity. We are concerned with fore-
casting the Tikely response to all levels and types of earthquake with any
source orientation, duration, and time histories. Making detailed calculations
for each possible response pattern is not practaical; therefore, this study has
focused on the identification of limits of various types, gemeral response
characteristics, and the evaluation of interactions between structural systems.
8. Interaction of Building 102 Subparts

The lTow-bay area, if it collapses, will load the basement roof slab and
affact the strength of the high-bay area. The glove boxes and associated ex-
hiust equipment located in the basement area are not influenced by the collapse
of the high- and low-bay areas. The response of the basement and high-day
areas influence the response of the RML cells; however, this influence fc mall

LV L < Y S
. . .
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ang was not directly incorporated in this analysis,
with the relative influence of

These interactions, along
the behavior of sach system upon the 3Tove boxes
and the RML cells, are given in Fig. 10. Uncer vidbratory ground motion, the
interaction detween the glove doxes and ML cells is small.

C. Damage Scenarios

The Jamage scenarios from vibratory motion that are given in Tables V--XI:
dre Dased on mean capacities of the structural resisting systems.
perfods are (~yse recommended by the TERA Corporation (Fig. 9).

A d

The retyurn

|
|
Table V contains the response and damage levels associated with ground mo-
tion up to 0.1 3's, and Table VI contains the response and damage Tevels asso-
cated with motions in the range of 0.1 §'s to about 0.4 g's. In Table VII,

we consiger severe ground motion in the range of 0.4 3's %o about 0.8 g's,

TABLE V
CAMAGE SCINARIQ FOR PEAK GROUND ACCZLERATIONS UP T0 O 10g's

- “ .

(T about 3 years)

Area of Loncern 3uilding Structural and Zzuipment Zvents

3asement, AFL and No damage to hasement,
critical egquipment
No damage to equipment.

RML cells and high-bay Nc damage to RML cells,
area :

walls,
LOw=Day araa Light cracking in concrete bHlock walls.

Jamage %o dowels between roof diaphragm and tops
of concrete block shear walls, Cracking at joint
Setween concrete block walls and structural steel.
Limit of elastic response of roof shear-wall SYS-
tem is about 0.05 g PGA. Deflection will be small
at this load lavel.

|

|
Possibie light cracking in hign concrete 5lack

|

|

|

|

[t s unlikely aven minor repairs will e needed aftar this event.

\
Oiscussion: ‘
\
\




TABLE VI

OAMAGE SCENARIO PEAK GROUND ACCELERATIONS IN THE RANGE 0.1¢’s TO 0.4g's

Area of C~ncern

Sasement, AFL, and
critical Eeuipment

AML cells and high-bay
area

Low=bay area

Discussion:

(T up to 270 years)

2uilding Structural and Equipment Events

No damage to basement or equipment. Light crack-
fng is possible, particularly at construction
Joints in basament area, and small differential
motion could occur between glove boxes, stands,
and supports.

Light to moderate cracking damage %o high con-
crete block walls on north side of RML ca!ls on
each side of the 28 ft bay. Collapse is un-
Tikely because walls are reinforced and doweled
to adjacent construction.

No direct damage to structural system of ML
cells., Light cracking at construction joints is
Tikely.

Cracking at joints between precast wall panels
is likely.

Light to moderate cracking at joints between
precast walls. DOamage to dowels connecting
shear walls to structural steel., Oifferential
motion between roof system and concrete hHlock
shear walls of about 1/4 in. Moderate to severe
cracking at joint between structural stee! and
concrete block.

Repairs to high block wails may be needed after moderate earthguaxke ground
motion. No damage in AFL is likely, and ML cells will be undamaged

structurally.
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TABLE VIII

OAMAGE SCENARIO FOR PEAK GROUND ACCELSRATIONS .4 EXCESS OF 0.3 ]

Area of Concern

AFL, critical
squioment

3asement

IML zells, hign- and Tow
Say areas

up 0 abeut 1030 years)

Suilding Structural and Sguipment Cvents

General failure and :zcllapse is unlikely aithough
there may ce severe gifferential motions.

No collapse of the overall struciural system is
likely at these Tevels of earthquake vidratcry
ground motion, depencing upen the duration. The
general collapse is unlikely as the structural
camponents are wel! reinforceg and constructed.
Local failures of the walls and floor coulg
damage the giove boxes cor the exhaust system
with the possible attencant loss of containment.

Severe damage with some collapse in the nign- ang

lcw-bay areas and moderate cracking in piers of
RML cells.

TABLE IX

OAMAGE SCENARIC FOR FAULT DISPLACMENTS UP TO 0.5 FT

Area of Concern

3uiliding Structural and Eauioment Svents

3asement, AFL, and zritical
aquipment

ML cells

Local lignt cracking in the basement
walls., Possible smail visible crack
across roof slab., Slight heaving of
floor slab. No damage to glove Hoxes.

No damage to RML cails

&3s



TABLE X
DAMAGE SCEMARIO FOR FAULT DISPLACEMENTS IN THE RANGE OF 0.5 T0 1.0 FeeT

Area of Concern 8uilding Structural and Equioment Events

Sasement, AFL, and critical Moagerate to severe cracking in the base-
ment walls adjacent to fault zone. Mod-
erate cracking roof slab about columns
that are located near edges of faylt
zone. Moderate heaving of floor clab.
Light damage to floor-to-ceiling glove
doxes.

RML cells Light to moderate cracking in RML call
scil retaining walls. Light cracking
'n base slab possible.

TABLE XI
DAMAGE SCENARIO FOR FAULT DISPLACEMENTS IN THE RANGE 1.0- TO 5.0-FT

Area of Caoncern Building Structural and Equioment Svents
Basement, AFL, and critical Severe cracking in basement walls adja-
squipment cent to fay'lt zone. Separation of hase-

ment wall and roof slab joint possible
in the faylt zone. Soil enters space
between the basement walls and the AFL.
Possible light damage to the AFL walls
on the north side. Penetrating cracks
possible in the roof slab (path to at-
mosphere possible;. Significant heaving
of floor slab. Floor-to-ceiling glove
boxes could be partially crusned.

RML cells Modgerate to severe cracking in the soi!

retaining walls. Moderate to severe
cracking in the base slab.
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TABLE XII
OAMAGE SCENARIO FOR FAULT OISPLACEMENTS IN THE RANGE 5.0- TO §9.0-FT

Area of Concern 8uilding Structural and Equipment Events
8asement, AFL, and critical Collapse of basement walls within and
equipment adjacent to the fault zome. Soil is

pushed into the space between the hase-
ment walls and the AFL walls. Depending
upon Tault zonme location, insignificant
to moderate damage to the AFL walls on
the 7orth side and to a wall section on
the west side. Heavy localized cracking
in roof slab with possible severe heav-
ing of floor slap. Severe damage pos-
sible to floor-to-ceiling glove boxes.
Oamage to other glove boxes from

falling concrete chunks is possible.

RML cells Severe damage to soil 12-in. below-grade
retaining walls. Soil could enter the
nonfun. cional below-grade space of the
ceils., Severe cracking in the base
slab possidble. Above-grade functiona!l
part of cells not damaged. Ventilation
ducts could be severed from secondary
filter bank.

whereas in Table VIII, we examine the responses for acceleration levels larger
than 0.8 g's PGA.

Oamage scenarios for various fault displacement ranges are given in Tables
[¥--XII. Considerable judgment was excerised in the development of these dam-
age scenarios. The damage levels are dependent upon the magnitudes and inter-
actions of the slip and thrust displacements, but the fault displacement cri-
teria oniy specify a total displacement. Because the structural damage is
concentratad within and adjacent to the fault zone, the location, direction,
and width of the fault zone is important. Vibratory ground motion concurrent
with faulting also contributes to the damage levels.

The damage levels given in Tables IX--XII are therefore based on the maxi-
mum total displacement occurring independently as a slip and as a thrust and
on the fault zone occurring anywhere under the basement area in a direction
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125° measured from the north refarence in a clockwise rotation. Combined

faylting and vibratory ground motion damage was included in thes faylt dispiace-
ment damage scenarios.

APPENDIX A
QESCRIPTION OF STRUCTLRAL SYSTEMS AND EQUIPMENT

[. INTRODUCTION
The detailed descriptions of the 3uilding 102 systems and their important

structural components and equipment are presented in this appendix. The sys-
tems described are the

1. Tow-bay area,

2.  high-bay area,

3. RML cells,

4, Dbasement and AFL, and

5. critical equipment.
[I., LOW-3AY AREA

The low-bay area was constructed using structural stee! framing, concrate
masonry, and precast concre’: walls, Vertical loads are resistad by the stee!
framing, and horizontal loads are resisted by shear walils.

The roof system amploys simple beam framing (no continuity) supported by
steel columns that rest on bell-bottom caissons. The roof construction in-
cludes Robertson stee] roof deck welded to the structural stael roof framing
(Fig. A=l). This combination forms a diaphragm for the transmission of nori-
zontal forces from one alement to another. The roof diaphragm is supported by
the structural steel tubular columns. Typical column details are shown in
Figs. A-2 and A-3.

The Tow-bay walls include 4-in. and 8-in. concrete masonry walls, precast
concrete wall panels that form the exterior walls, metal siding panels, ang
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w0od and gypsum board partiticns (Fig. §). Cnly the 3-in. reinforced concrete
masonry walls and the precast concrete wall panels were considered as struc-
tural load resisting members in the analysis.

The strength capacity of the low=bay area fis strongly dependent upon tweo
connection details. They are: (1) the dowels between the top of the concrete
block shear walls and the structural steel roof framing, and (2) the light-
angle ‘nserts at the top of the extarior precast concrete walls that are ysed
0 connect these walls to the structural stael. The behavior of these connec-
tions is highly dependent upon the number of 1aa. cycles at load levels at or
near their ultimate strengths. These connections will not carry a load in sub-
sequent cycles until the distortion of the structurs overcomes the permanent
fnelastic member deformation that resulted from previcus locad cycles.

[II. HIGH-ZAY AREA

The high-bay area is located in the S-£ corner of Suilding 102. Its dimen-
sions are 50 ft N-S by 108 ft Z-W (Fig. 6). The roof is 3 £¢ 3 in. higher than
the low-bay roof. The walls on the south and east sides of the area are the
same type of pracast concrete panels as used in the low-bay. These precast
panels connect to light structural steel girts that span between the steel cal-
Jmns. Nonstructural metal wall is used between the top of the precast panels
and the high-bay roof. 0On the west side, the structural steel roof frame con-
tains a biock wall that extends to the height of the Tow=bay ruof. Nonstruc-
tural metal wall is used above the low-bay roof level. On the north s ide,
there are no structural walls below the low-bay roof level. Four feet inside
the north wail of the high-bay area, a concrete 5lock shear wall extangs from
the ground floor slab to the Tow-bay roof level as shown in Fig. A-4 between
lines F and £. This wall extands to the meta! deck of the low=bay roof and is
connected to it; therefore, it does not influence the high-bay area.

The high-day structural frame system is shown in Fig. A=5. The two AML
cells that are centraily located in the high-bay areas give lateral and verti-
cal support to the high-bay system (Figs. A-5 and A-6). Steel truss bracing
from the cells to the roof are shown in Figs. A-6 and 4-7. Knee braces are
provided as shown in Fig, A-7 between the colummns that connect to the precast
concrete exterior wall paneis and to the roof beams.
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Twe concrete block walls (near Lines 22 and 22 in Fig. A=5) extend fram
the floor siab to the high-bay roof metal deck. These walls are connected by
dowels to the ML cells. Two 4-in. dlock nomstructural walls extand fram the
top of the cells to the roof (Fig, A-3). An 3-in. block wa!l that is located
3t the south sides of the ML cells and between the cells extends from the top
of a small cell to the roof. This wall is also dowel-connected to the M.
cells.

The annex to 3uilding 102 (Fig. A-§) is structurally separate from the
structural system of 3uilding 102 and was not considered in this anaiysis.
The structural stee! colums of the annex are located 2 in. from the exterior
stee] columns of Building 102 (Lines 20--25, Fig. A-6). The south wall of he
nigh-day area will therefore receive support from the annex ‘rames i€ it fails
towarc the south; consequently, the south exterior wall of the high-Day area
‘s constrained %2 collapse toward the nor:n.

Iv. Rm CELL

The ML cells are located within 3uilding 102 as shown in the text in
Fg. 2. Figure A-3 shows an axploded view of the ML cell construction. The
cell is shown in more deta!! in the plan views in Fig., A-3 and in the sections
given in Figs, A-10--A-12.

The cei. construction is massive reinforced concrate. Approximately 70%
of the volume of the below-grace box structure (base mat, foundation walls, and
cell fioor) is concrete. The volume of the above-grace structure (cell walls
and roof slap) fs approximate’y 50% concrete and steel. The volume fraction
of the concrete and steel of the RML cells is much greater than for the usual
concrete structyre. The above-grade cell walls are high-density (ferrs-
ohosphorous aggregate) whereas the remainder of the structure ‘s normal weight
structural concrete.

The amount of ~einforcing steel is essentially the minimum required for
teperature and shrinkage effects. The ratfos of reinforcement area to gross

concrete area are tabulated below:
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Fig. A-3.
txploded view of RML cell construction.
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Steel Reinforcament Ratio ACT (1971)
Temperature and Shrinkage

Camponent A S./bh Requ irament
Base Slab 0.0026 > 0.0020
Walls

Vertica!l 0.0013-0.0017 > 0.0015

Horizontal 0.0018-0.0024 > 0.0025
Reof Slab 0.0024 > 0.0020

The RML cells are not independent from the structural system of 3yilding
102. The ground floor slab over the basement arsa is connected to each cell
as shown in Fig. A-13. This floor is supported (in terms of in-plane shear
transfer) by the below-grade basement walls. The basement floor slab is not
connected to the cells nor to the basement walls; it is essentially a floating
slab.

The basic function of the AML cells is radiation shielding; however, they
also serve as confinement barriers. The functional space of the cell is lo-
cated entirely above-grade. The spaces enclosed within the below-grade box
structure are nonfunctional, providing only dead space for door operation and
transfer cask placement. Exhaust and cell drain piping are located within the
below-grade space as shown in Figs. A-9 and A-10. Two 8-in. and one 10-in.
veniilation exhaust ducts serve cells 3 and 4. The primary exhaust filters
are located within ths cell, There are four ventilation input openings (5- by
§-in.) in the roofs of each cell. These openings are not protected by HEPA
filters. The drains are 3-in. pipes. Two sets of massive steel doors (15- and
18-in. thick) form a radfation lock for the transfer cask pit as indicated in
Fig. A-3. The doors have two sections: (1) a smaller section that is lifted
4p Dy an actuator reacted by the roof slab, and (2) a larger section that is
lowered by hydraulic rams contained within the helow mat casings as shown in
Fig. A-10. When the doors are in a closad position, shear pins are inserted
through the walls anc into the doors to prevent accidental opening. Ouring
operations, cne set of doors remains closed; nence, confinement integrity of
the operational space of the cells is maintained.
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V. BASEMENT AREA AND AFL

The foundation plan, basement plan, and cortruction details for the base-
ment ar  shown fn Figs. 2 and A-14., The AFL that is located within the dase-
ment of 3uilding 102 is shown in Fig. 6 in the text.

The basement roof .'ab is of flat slab construction with drop panels, The
Sasement columns are square, tied, and bear on rectangular spread footings, and
the rei~forced concrete basement walls are supported on spread footings. The
basement floor slab was placed on grade, and it is not connected to the walls,
faootings, or columns., Also, the floor slab is grooved, and a portion of the
slab reinforcing is interrupted at the grooves to control shrinkage cracks in
the floor.

The AFL confining walls were not ir luded in the original construction of
Suilding 102, but were added at a later date. Concrete block partition walls
were constructed to form the varfous laboratory areas.

Construction joints are locatad at the tops of the footings, columns, and
walls. The reinforced concrete exterior walls were considered %o act as s‘mnie
Peams supported at the floor and ceiling slab Tevels and loaded by eartr pres-
sure. The batement floor slab transmits applied loads directly to the soil and
cannot be displaced horizontally; therefore, ne further analysis was necessary
for this slab.

The 3-in. concrete block wa'ls enclosing the AFL area are filled-cell con-
struction. These block walls are constrained by the heavy overhead reinforced
concrete floor slab and the basement floor slab. Over a peried of time, these
walls have become bearing walls even though they were constructed after the
reinforced concrete construction was completed. The walls are in sound condi-
tion without apparent cracks.

VI. CRITICAL EQUIPMENT

Mishima has designated five glove doxes in the basement AFL areas as po-
tential sources of release of various types of plutonium co-pounds.z‘ These
enclosures or glove boxes are designated as glove boxes 37, 50, 51, S1A, and
22 (Fig. A-15). Glove boxes 38, 41, 44 are similar in construction to glove
dox 37. Glove boxes 38, 41, and 44 contain dry mixed oxide powders, but they
are similar in construction to glove box 37.
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The structural detatls of the glove boxes are shown in Figs, A-16--A-20. A
typical glove box s fabricated from 1/3-in. stainless stee] plate with weldec
jofnts., It rests on a stand that is fabricatec from stee! pipe and angles.
307ted connections Detween the stand and the glove boxes have been added to the
critical glove doxes with standard stands (37, 39, 41, and 44) (Fig, 16). At
the four dottam corners of the glove boxes, 3/8-in. mazhine 50lts have bSeen ‘n-
stalled through the stainless steel skin of the glove dox and the stee! angles
forming the top of the stand. when bolts could not be Tocated in the corners
of the doxes, connections were made at other locations. These connections con-
sist of four threadeu bosses welded to the bottam of the glove bex and attached
tu the stand through clamps. The irdividual detaiis vary, byt the connections
have syufficient strength to keep the glove dox securely on the stand.

Glov® box 51 is an assembly of floor-to-ceiling boxes connected to each

ther and to the 12-in. reinforced concrete wall behind the 3glove box ang %o
tha 12-in, reinforced concrete slab over the glove Doxes. The connecticns pre-
vent motion fn all directions and are made with stee! straps bolted or welded
t2 the glove boxes and connected to the reinforced concrete by expansion bolts.

Giove box 50 fs an assemdbly of floor-to-ceiling boxes connected to the
floor and to the cefling by stee! straps and expansion bolt assemblies. The
connections provide resistance to motion in all directions.

Glove box 23 is connected by stee! straps, welds, and bolits to the concrete
2lcck wall behind the glove box and to the floor. As shown in Fig, A-18, a
ceiling suspension system consisting of 1/4-in. diam preformed . x 19 galvaniz-
ed afrcraft cable and appropriata connections is provided.

Zach glove box has an integral exhaust filter that is connectec to staine
Tess stee! pipe through 2 flexible connection about 12 in. in length. The ex-
naust 2iping is securely braced t¢ the overhead reinforced concrete slab. The
exhaust pipes ampty into two co lection filters, one in each primary laboratory
area, This second stage of fiiters then connects to ducts that lead to a sin-
gle large duct and to the final filters that are Tocated in Syilding 102A. Two
Tevels of filtering are provided in the laboratory area bdefore exhaust products
leave the aporatory area, The filter collection doxes in each laboratory area
ire connected %0 the overheac reinforced concrete by steel straps and bolts.
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The 2quipment in the AFL is connected to 12-in. reinforced concrete slabs
overhead, 12-in. reinforced concrete walls, or to 3-in. concrete block walls
and floor.

APPENDIX B
STRENGTH AND DEFCRMATION CHARACTERISTICS OF BUILDING 102
STRUCTURAL ELEMENTS

[. INTRODUCTION

The strength any deformation characteristics of the structural elements of
8uilding 102 are presented and discussed. The analytical techniques discussed
in Task [ Appendices 3, C, and D are used in the shear wall response studies.

[T. PERFORMANCE CHARACTERISTICS OF SHEAR WALLS

The details of the 8-in. concrete block shear wall construction are given
fn Task I (Table 3-1 and Figs. 3-10 through 3-13).12 1In 211 cases, the
strength contribution of the block shear walls without a bounding steel frame
s lTimited by the 12-in.-long, 1/2-in. round dowels at 48-in. spacing that con-
nect the steel beams or roof deck to the block wall. The dowels are of mild
steel and without hooks. The wall extends from the floor to the junction with
the previously erected structural steel. A small gap exists between the top
of the wall and the steel. The blocc-to-dowel bond is through mortar that was
pressed into place. The top blocks were split and wers placed from each side
of the wall such that mortar was pressed in and around the dowels. The ulti-
mate bearing capacity of this mortar is no more tham 2 ksi. If the ultimate
shear strength of the dowel connection is taken as 3.0 kips, a bearing area of
1.5 1n.2 fs eeded; therefore, bearing development alang the top three in.
of the dow . is required. The Timit for small deflection response (alastic)

was taken as 1.5 kips.



The dowe! connection will be Tocse after the first nign-level loading cy-
cle; therefore, successive cycles involve very little energy absorption, and
the connection capacity degrades rapidiy to zero after ultimate strength is
reached.

Typical bays are 20 ft in length (center to center of columns), and five
dowels are provided per bay; therefore, the mean elastic capacity is 7.5 kips,
ard the mean yltimate capacity per bay is 15 kips.

Computations made in accordance with ATC-3 (see Task | report) show that an
8-in. dlock wall that is 19 ft 7 in. long has a shear capacity of 16.5 «ips.
8lock couplet tests (Task I, Appendix D, Table I) show a mean pure shear
strength of 57 psi (1.5 times the average strtss).lz Using this strength
value and an effective wall thickness of 3.5 in., the shear capacity of a w»al)
fn 2 20-ft day is 31 kips. The shear capacity of tne conmnecticn o the floor
slab is in excess of 31 kips; therefore, for a nominal 20-ft wall, the maximum
shear force that can de transmitted to the roof system is determined Ly the
dowe! connection, The mean shear capacities are 7.3 kips elastic and 15 kips
u]t?maté.

The structural steel roof framing and columns form a steel bounding frame
for many of the shear walls. The test results reported in Appendix 0 of the
Task [ report were extrapolated to the 3uilding 102 shear walls with a struc-
tural steel bounding frame. The test block walls have the same height-to-
Tength ratio as those in 3uilding 102; however, they differ in length and
height, doweling to the structural steel, and size Jf the steel frame. The
stez] frame of the test wall had sufficient strength to produce failure in the
wall panels; however, the steel frame of Building 102 shear walls does not have
the strergth to fully develop the capacity of the conr -ete block panels. If
the steel bounding frame were sufficiently strong to ¢ ack and fail the bHlock
panel, the test results show that the shear capaciti. . and associated deflec-
tions for a typical bent of 3uilding 102 are as follows.

Condition Load Deflection K ___
First crack 117 kips 0.49 in. 239 k/in,
Ultimate 176 xips 1.3 %,

-92.




The properties of the 3-in. concrete block shear walls with a Sounding
structural sieel frame are shown in Fig. 8-1. The elastic capacity of the
beam-to-wall connection is estimated at 7.5 kips (mean). At this load level,
the columns contribute 1ittle to the composite strength Decause of their high
flexibility. At yltimate, the tota] dowe! capacity is estimated to be 15 kips
(mean). With yielding of the dowels, the structural steel columns bend as
shown in Fig. B-1. One of the columns showr moves away from the wall; hence,
the wall shear strength that can be developed by this end column depends upen
vhe column connection capacity.

Neglecting minor axial effects and using the mean yield strength of 40 ksi,
the mean plastic moment capacity of the stee! column is 34 kip=ft. The mean
shear load that the colum can transmit to the wall is 45 kips (Fig. 8-1). The
column that moves Leay from the we!l can transmit to the wall a mean srear
force of about 2.2 kips. The ultimate mean shear force that can be applied to
the top of this wall s 62.2 kips. The block pamel should not e cracked at
this Toad level.

The steel frame has Tittle influence on the elastic stiffness of the wall,
Considering shear deformations only and an effective G of 270 xsf, a nominal
20-ft wall has an elastic stiffness K of 1115 kpi.

Several of the block walls do not connect to the roof. In these cases, the
'oad that can be applied to the walls depends upon the steel that bears on the
end of the walls, and the capacity is therefore limited by yielding in the col-
umns. The column that tends to pull away from the wall has a minor contribu-
tion to the shear capacity. The wall stiffness is therefore determined by the
single pa~ticipating steel colum.

For the wa'ls that are connected to the roof diaphragm and for loads ap-
plied perpendicular to the biock wall face, the capacity is determined oy
vielding of the vertical wall reinforcing. Assuming that these walls act as
simple Deams supported at their tops and bottoms, the walls reach ultimate
strength at a load of 51 psf. The ultimate strength is associated with yield-
ing of the vertical reinforcing steel and has an elastic-plastic behavior until
the deflections become large.

The wall has a weight of 51 1bs/ft2 so that ultimate is associated with
3 constant acceleration of about 0.34 g's. Assuming elastic behavior and
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uncracked masonry, the frequency of the first mode is 2.7 cps (period with

0.37 s]. The fundamental period of the wall will increase as the wall cracks
and the stiffness degrades. The cracked wall has a period of about 1 5. A
ductility of at least two can be justified, and the spectral acceleration at 2
period of 1 s with 10% damping is 1.0 g's. The capacity of the wall connection
to the metal roof deck has a larger capacity than this Toading. An earthquake
acceleration perpendicular to the wall face will produce cracking of the walls
at 2 Toad of about 0.5--1.0 3's; however, the wall will not collapse.

2lock walls with a complete bounding structural steel frame are strengthen-
ed Dy the steel members. The moment of inertia of the stee] columns is small,
and its influence on the uncracked fundamental period can be neglected. The
#alls have norizontal ladder-type reinforcing stee] and dowels between the
cteel colums and the walls; therefore, forces can be transmit*ed from the wall
panel to the stee! columns. The ultimate zapacity corresponding to a constant
acceleration of 1.75 g's is 107 psf normal to the wall face. The coefficient
of variation remains 0.2 because the properties of the load paths are depen-
dent. The pericd of vibration is the same as that for a block wall without a
steel frame. Using a ductility of 2 with 10% damping, the typical wall will
Tikely remain elastic in response up to 1.0 g's or more.

The basfc provedures used in esvaluating the exterior precast concrete are
discussed in Appendix C, Task [. The light-angle inserts in the top of the
pane! Timit the shear Toad that can be transmitted toc the top of the panel to
5 kips elastic and T “ins yltimate (mean) for a 20 ft panel.

The Tight-angle inserts are welded to the structura! steel framing and are
ccnnected to the wall panel by a 1/2-in. round dowe! that is 3 in. long with a
7 in. hock. The conmnection capicity is determined by either the capacity of
the we'ld between the clip and the dowel or by the dow2l. The ultimate bearing
capacity on the concrete was taken as 5 kfps/in.z A connection load o¥ 2.0
«ips fully develops the dowe! in plastic bending. Egquilibrium dictates that a
simultanecus tension of about 2.0 kips exists at the same point. The dowel-to-
angie connection is therefore subjected to bending, shear, and tension. The
concrete will not yield to allow the dowe! to become a tension member; hence,

4 shear connection capacity of 2.0 kips uitimate and 1.0 kip elastic was used.



The connections have s brittle response (14ttle ductiiity). The rigidity,
assuming that the shear wall acts as a zantilever Seam, ‘s ast'mated at 7300
<ips/in. Comsicering the influence of the bottom 21ip inserts and the weignt
of the panel, the overturning shear capacity fs 18.31 kips. The shear capacity
of the top clips limits the shear loac that can Se app!ied to 2 panei t2 10
kips.

Secause of the flaxible nature of the doweling connecting the panels o the
steel column and the sour joint details, the structural steel columns are only
effective in resisting overturning after the response Secomes inelastic. In
the Tow-Day area, 2 limited amount of horizontal shear load in the direction
3f the walls can de pplied to the wall panels through the short column studs.
The mean capacity is estimated to de adout 4 kips per column.

For mtion perpendicular o the wall face, the solid precast concrete pan-
s 'n the Tow ~cof area have mean fundamenta’ periods of vibraticn of about
.35 5 1f uncracked and 1.4 s if cracked. The stee! columns strengthen, Syt
3o not effectively stiffen the walls. Neglecting the sma'l effects of the
steel columns, the walls crack at an equivalent static side-on 2GA of 0.84 g's
and fail at 1.08 g's. The ultimate strength with 2 single steel column tridy-
tary to the wall is 1.84 g's equivalent static leading. The panel-t3-racf con-
nection has a static capacity of 0.46 g's elastic and 1.26 3's ultimate, ans
this connection has Tittle ductility. At 5% damping and a period of 2.35 1
the connection will fail at a load of about 0.9 g's using a ductility of two.
The dowels at the tanel ends and the columm studs are much more flexihle than
the inserts at the top of the wall, so that failure of the inserts will Se
followed by cevelopment of the wall-end zonnections. The Tatter connectisons
are 2750 brittle in nature Decause they depend on small secticns of concreta
cast in place between the ends of the wall ganels, and the capacity of the
cornection s about the same s the connection o the roof.

LS L

[II. BASEMENT WALLS

The exterior dasement walls are constructed of reinforced concrete. Zxcest
for the Tengths of the ML cells, these walls form the entire perimeter of the
Sasement area. They are 12 or 24 in, thick and span 11 ft vertically. The
dfstances between lateral supports varies from about 10--30 ft. The Sasement




wa’ls act as soi) retaining walls, shear wal's, and vertical supports for the
roof slab. There are three different wall secticns, two of which differ only
in the amourt of reinforcing steel. These secticns are shown in Fig. 8-2 aleng
with their strength capacities. The Tocation of thece wallc with respect t

the dasement area fs indicated in Fig, 8-3. The strengths given in Fig, 8.2
are for one-way slabs and for a unit wall width (1 ft).

There s a construction joint at the interface of the walls and the roof
slap (Fig, 8-4]. Separation of the wall from the roof sladb would occur along
this construction joint., The walls are not structurally joined to the flocr
slab.

The procedures for estimating the passive «0il pressyres acting on the
basement walls is given in Ref. 22 . Faylting disturds the soil lecally;
hence, it fs Tikely that the soi! pressures computed by the methods in Ref. 22
are Targer than the actual Jressures in a faylt. The soil pressures were Ciu-
puted assuming that the basement walls could not rotate, only translate.

IVv. COLUMNS

Reinforced concrete columns are located within the basement area (Fig,’
A-15) to support the roof slap. They are rectangular tiec columns and two dif-
ferent sizes were ysed. Their cutside dimensions are 20 by 24 and 13 by 20 in,
(Fig. 8-5). These columns rest on square reinforced concrete footings and
their connection to the roof slab includes drop panels. The footing and
column-to-roof slab connection is considered as part of the column., The floor
slab is not structurally connected to the columns or footings. The column
cross sections and their strength capacities are given in Fig, 3-5. They are
classified as short columns; hence, the strengths were not reduced bdecause of
the‘r height,

From Fig. 3-5, we see that the column capacity is governed by the punching
shear capacity of the column-to-roof slab connection. The axfal service loads
are lTess than half of their axial ultimate capacity; hence, they posses” 2
large reserve strength.

The columns have ties spaced at 18 in., This width is too large to ensure
ductile behavior. Several of the columns are bdraced by concrete masonry wai's
(Fig. 3-3). For the columns to be subjectad to moments and shear, the roof



Section Moments (- *%%13)
- »
"U ﬁu Mcr
1 (Vert.) 12 100 13270 9 840
1 (Hor.) 8 920 8 920 9 840
2 (Vert.) 9660 12870 9840
2 (Hor.) 8 920 8320 9340

Shear Strencth for shear wall (minimum)
\
T 33700 (12) (12) (.3) + LAGT002ILE) o 55 900 1o/s.

Wall Section |
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0.37 0.20 0.20
Vertical Horizontal
Wall Section 2
1 " l 12u
.
.M 0.31 l47
L — 12 - .
0.20 0.20 2.20
.
Vertical Horizontal
Minimum Axial (Vert.) Min Hor.

Shear (1b/ft)

3§ 200

35 900



Backfill

O

Storage
4 Service

Area

Backfill

> =paay

| | |

I I |
c )- -LC & .

,’\ Co?%rete Masonry
Walls
( @
| ———
F (= | c
|

|
| r""-"J"'-'-
| I
| |
e a
S

1

Backfill

Fi

g. 8-3.
Location of basement wall sections.



Fillea Cellsc”]

1 .
sorizontal |adder L ! ' |
reinforcing, each |\ : -
course ' -

-

3. 3Sasement biock wall construction

,m— p
t12-in. Concrete STac

ot : Ll construction joint
- !

s

\Q ¢ 2 -
_~12-in. Reinforced concrete wall

ol rfleer slad [-Sr:ve

Zanstruction A L p—
s _ 2 N *] S — = = = C— | — . —
;07”: 2 M L -
: ——— PRE———
= |
|

Soil ‘;>

b. 3Sasement construction

Fig., 34,
Construction details of concrete Dlock walls and basement constructicn.
100

el
V' -



COLUMN CAPACITIES

Section ! Section 2
i 24" { 20" y
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20"' ° 14 - 49 . § -9 }’3
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j_ B . . . L
Section  Axfal Load 7y M3 Punching Shear (kips) Service
(kips) (1b=ft) (1b-f¢) Footing Roof Slab Load {kips)
1 1 400 432 000 425 000 7758 §35* 1
2 315 167 000 148 200 700 291" 140
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sTab must move relative to the floor slap. 3ecause of the many inter‘or and
exterior walls, this relative movement wou'd Se insignificant. The principal
rose of the colums will de %o transmit vertical lsads.

V. BASEMENT R00F SLAB

The ruof siab over the basement area has thicknesses of 3 and 12 in. as ‘ne
dicated ‘n Fig, 3-8, Sections C and F, The roof slab ‘s supported Dy the exta-
Tior Dasement walls, the columns, the interior reinforced concrete walls, ana
the interior concrete masonry walls. Orop panels of I or & in. are located
ibove the colums. The amount of steel reinforcing varies from strip to strip.
Flexural and shear capacities at locations indicated in Fig. 8-7 are given in
TapTe 3-1. The slab is supported in both directions at 20-ft intervals; hence,
‘ts vertical Toad capacity evaluation must consider two-way slab action, The
weakest slab section canm support a load of 872 psfz. The service load s
atout 360 psf. The roof slab is continuous excent faor the construction Joints
indicatec in Fig, 3-7. Steel reinforcing was provided to transmit the shear
from one section to ancther. The shear capacity through the construction
Joirts fs about the same as the shear capacity of the adjacent slab.

The Dasement roof slab serves 2 number of functions, [t provides a roof
for the bDasement area, supperts parts of the ground floor construction of
3uilding 102, and supports ground floor activities within Building 102. I[f a
fau't sccurs, ‘t will serve as 2 tension or compression flange ¥ the bHasement
structure acts as 3 beam, This slab is the structural alement that connec:s
to all the other structural 2lements to form the Toad-resfsting basement

structure,

V1. BSASEMENT FLOOR SLAB

The basement floor slab fs 3 in. thick and rests directly on soil. 3eciuse
‘t s not tied to the dasement walls nor the calumn footings, it contributes
Tittle to the load-resisting basement structure. It functions as a fioor for
supporting activities within the basement area and as a foundation for the con-
crete masonry waiis. [f the basement structure were to act as a beam, the

floor slab could serve as a compression flange.

-102-



BASEMENT ROOF SLAB SECTION
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TABLE 8-I
BASEMENT ROOF SLAB MOMENT AND SHEAR CAPACITIES
FOR LOCATIONS SHOWN N FIG. 8.7

N-S £ - W Min,

Pos M Neg M Pos M Neg M Shear
ction (1b=ft/ft) (1b-ft/ft) (1b=ft/ft) (1b-ft/ft) (1b/ft)
3 .- .- 18 300 3740 10 000
5 9 620 9 620 16 900 3740 10 000
c1 16 300 3740 9 6§20 9 620 10 000
¢2 32 100 13 430 24 000 13 390 i3 960
d 32 100 13 430 40 100 13 460 13 960
e 16 380 17 470 9 720 14 580 10 000
22 24 000 38 390 13 360 20 670 13 960
f1 32 370 §7 820 24 000 80 680 13 960
f2 32 0:3 24 770 24 000 29 300 i3 360
3 24 300 13 3 : 45 800 13 480 13 360
h -- .- 24 060 59 360 13 960

VI1. INTERIOR CONCRETZ MASONRY WALLS

Cavity-filled concrete masonry walls 3 in. thick wers contructed to serve
s 3 secondary confinement barrier for radicactive products. These walls are
doweled to both the roof and floor slabs. Vertical reinforcing consists of
2-#4 spaced at 48 in., and the horizontal reinforcing consists of a 3/16-diam
reinforced ladder in each course.

These walls were construycted to separate the basement area containing the
370ve boxes from the rest of the bHasement area; nhence, they were not desicned
to carry Toads. These walls will serve as snear walls if the roof slap dis-
places relative to the floor slab and as roof slab supports if the columns
shorten. Because the ax‘al loads acting in these walls are unknown, their
actual moment capacities camnot be estimated.
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