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SEISMIC EVALUATION OF BUILDING 102 0F T}if GENERAL ELECTRIC VALLECITOS

NUCLEAR CENTER

SUMMARY

The Engineering Decision Analysis Capany (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 by the Nuclear Regulatory Consiission (NRC) to detennine
the risk associated with the operation of this facility. About 95f, of the task
of evaluating the structural consequences from vibratory ground motions and
fra faults intersecting the Radioactive Materials Laboratory (RML) cells was

| performed by EDAC. LASL completed EDAC's structuril evaluation study and de-
termined the consequences of faulting on the Advanced Fuel Laboratory (AFL) and
the basement area.

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

1. the critical glove boxes,
2. the AFL located within the basement area,
3. the RML cells, and
4 the Plutonium Analytical Laboratory (PAL).

; The noncritical areas included in this study are the high- and low-bay areas.
; The structural features of Building 102 were examined, and the interrela-
! tionships between the different areas were established. Each area was then

analyzed for structural consequences of vibratory ground motions, faulting, and
concurrent seismic events. Some important results of the structural capacity
evaluation for vibratory ground motions follow.

e 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.

-1-
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Cracking in the RML cell structure starts t) occur at about 0.9 g'se

PGA.

The PAL could suffer a loss of confinement . tarting at about 0.6 g'se

PGA.

Other noncritical structural components or systems could be severely dam-j

aged at PGA levels below 0.9 g's; however, their collapse does not influence
~the confinement integrity of the areas of concern. A sunmary of the results
of the analysis for the major systems and components is given in Table I.

1

T;8LE I

ESTIMATED CAPACITIES OF SYSTEMS IN TGMS OF PEAK GROUND ACCELSATION#

Mean Capacity Peak Ground
System Element Acceleration (g's)

L ow-Bay Roof Connection to Shear Walls 0.6
Block Walls - Face (Face Loading) 1.0
81ock Walls (Steel Frame) (Face Loadin 1.0Precast Concrete Walls (Face Loading) g) 0.9

High-Bay Roof 1.0
South Wall (Face Loading) l.0

'

East Wall (Face Loading) 0.7
High 31ock Walls (Face Loading) 0.4

RML cells Overturning 1.0Cells, Ground Floor -

0.9
Basement Slab, Columns, Footings 1.0Exterior Walls 0.6
Equipment Glove Boxes 37, 39, 41, 44 0.6Giove Boxes 23, 50, 51, 51A 1.0

|

| a Peak ground acceleration (PGA) is that acceleration to which criteria
response spectra are anchored at the zero period.

I
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The study on structural t.cnsequences from f ault displacements and vibratory
ground motion originating fran the postulated Verona Fault included only the
areas of concern. Some results from this study follow.

Regardless of the direction of the seismic event, the important above-e

grade RML cell structure would maintain its confinement function, but
could be displaced from its original position. t

e The RML cells would not overturn.

Passive soil pressures will daage some below-grade basement and celle

walls with the mount of daage depending upon the magnitJde of the
f ault movements.

The ventilation ducts between the RML cells and the secondary filterse

in the basement would probably be damaged.

The hydraulic ras that open and close the heavy shielding doors woulde

be damaged and probably become inoperative.

The PAL could suffer a loss of confinement either from the fault dis-e

placements or from the vibratory motions.

Structural daage scenarios that describe potential daage to the facility
at various levels of fault movements are presented in Section V.

I. INTRODUCTION

The US NRC has undertiken a project to examine the capability of comercial
plutonium facilities to w thstand adverse natural phenonena (seismic, severe
weather, flooding).1 A review team is used to provide the interdisciplinary
expertise necessary for the analysis of each facility. Thc seismic structural
capacity analyses for these facilit'es are perfomed by E?AC. During.EDAC's
review of the GEVNC plutonium laboratory, NRC determined that EDAC corporately
was involved in other work for the General Electric Company that gave the per-
ception that a conflict of interest could exist.

NRC subsequently requested that LASL independently assess the General Elec-
tric facility for its capability to withstand seismic forces. This included
review and use of the EDAC tsork to the extent applichle and consistent with
the guidelines used throughout the natural phenomena study.

-3-
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For the natural phenmena reviews, the Nathan M. Newnark Consulting
Engineering Services (NNCES) pr0 vide overview consultation to the NRC staff;

and their consultants for the site seismic characterization and the structural
and ecuipment capacity evaluations resulting in a second independent review
and usessment.

This recort contains the results of LAS.'s and EDAC's assessment and anal- !

yses of Suilding 102 coaconents for the effects of seismic vibratory ground
| motion from the Calaveras fault and offset from the postulated Verona f ault.

The methodology, assumptions, and results of the analyses are discussed in de-
tail in subsecuent sections of this recort.

| The examination of the Building 102 capability to withstand seismic phenom-
j ena was undertaken in a manner consistent with the natural phenomena review ao-
) preach, that is, using most likely values of parameters. This approach, for

structural and equipment capability, consists of incremental increase in struc-
| tural loading to estanlish daage levels. This provides several levels that
| are related to seismic recurrence interval and attendent failure scenarios for

,

use on subsequent increments of the overall f acility risk assessment.
Subsequent to the initiation of this natural phenmena evaluation, the

United States Geological Survey (USGS) postulated the existence of a dip / slip
fault located on the General Electric property.2 This postulation was later
modified to identify the fault as a possible thrust feature.3 An initial
deterministic analysis was precared by EDAC to determine the capability of the
RML cells to withstand a thrust fault. Subsequently, other components of
Suilding 102 were examined for consequences to incrementally increasing fault
displac aents. Therefore, this recort includes the results of the structural
analyses for the shaking, faulting, and combined seismic events.

II. SITE AND FACILITY DESCRIFTION
A. Site Descriotion

The GEVNC is located in the southwest corner of a site that has an area of
>

approximately 1534 acres.# This site is situated on the north side of the
| Vallecitos Valley, which is separated from the larger Livermore Valley to the
j north by a range of hills. The floor of the Vallecitos Valley is approximately
'

three to four miles in length and a mile wide. The elevations in the portion
of the site occupied by the VNC range from 420 to 500 ft above sea level.

4.
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The site slopes gently to the south. Sedimentary materials consisting of
al'.uvial deposits of gravel, sand, silt, and clay underlay the study area.
These deposits include the Livermore gravels. The total soil thickness (allu-
vial plus sedimentary deposits) at the site is probably several hundred feet.
3. Facility Descriotion

The layout of the GEWC in the vicinity of Building 102 is shown in Fig.1.
Building 102 was constructed in 1956 ano 1957. Modifications were made during

I
the period from 1969 to 1974. The foundations are spread footings and bell-
bottom caissons as shown in Fig. 2. It is of modern construction and was de-
signed to comply with the provisions of the 1952 Uniform Building Code. Build-

i

l

ing 102 is a one-story structure with a partial basement under the eastern half
(Fig. 2). Office and laboratory areas are located 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 RML cells is greater than the roof elevation of the remainder of Building

! 102. The region with the highest roof is referred to as the high-bay areal

| wnereas the remainder of the ground floor is referred to as the low-bay area.,

| Precast concrete panels, metal siding, and glass fann the exterior walls
of Building 102 (Fig. 4). Interior walls are constructed of 8-in. reinforced

i

concrete ble,:k, 4-in. reinforced concrete block, and wood studs with gypsum
board (Fig. 5). About half of the 3-in. block walls are infills in the struc-
tural steel framing. The roof is supported by structural steel framing that
includes structural steel tubular columns. In the high-bay area, the RML celly
give support to the roof.

'

Specific areas in Buf1 ding l02 may contain a significant inventory of
radioactive materials at risk. These areas of concern are

1. the PAL,

2. the RML cells, andi

3. the AFL.

| These areas are therefore the most important in safety considerations and will
l hereafter be referred to as the critical building areas.

The PAL, shown in Fig. 6, is located on the ground floor of Building 102
and above the basement area. The walls of the PAL are constructed of precast
concrete panels on the east side, 8-in, concrete block on the north and west
sides, and 4-in. concrete block on the south side.

-5-
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The RML cells are massive reinforced concrete boxes that extend from the
basement foundation level to about 17 ft above the ground floor (Figs. 6 and
7).

Tt AFI, is located within the basement area (Fig. 7). The AFL perimeter
walls consist of reinforced concrete and concrete masonry walls. The basement

(
area exterior walls are constructed of reinforced concrete. The heavy rein-
forced concrete basement roof slab is supported by the basement walls, by the
reinforced concrete columns, and by the interior walls. The exterior basement
walls are supported on concrete footings. The basement floor slab is not con-
nected structurally to the walls, columns, or footings. The critical glove
boxes and exhaust equipment in the basement have recently been modified and
connected to the basement construction to provide additional seismic support.
C. Seismic Characterization

To proceed with this study, w needed a characterization of the seismic
h azard. One source of seismic activity at the VNC site is associated with the
Calaveras Fault.' The Texnekron Energy Resources Analysts (TGA) Corporation

! 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, capability,

;

i and location are well documantad. The site response spectra recommended by
the TERA Corporation was the 50th percentile alluvium spectra contained in
WASi-1255 (USAEC,1973) scaled to the desired peak acceleratir.: (Fig. 8). The

~

relationship between return periods and peak ground acceleration was developed
by the TBA Corporation, and it is shown in Fig. 9. Newnark recomended that

! a peak ground acceleration of 0.80 g's be used for anchoring the site response
spectra."

| Another source of seis.iic activity, a postulated geological fault referred
to as the Verona Fault, is believed to intersect the VNC site.2 It has been
classified as a right lateral thrust fault with an unknown dtp angle. The
strike oi J1e fault in the vicinf'y of the VNC is approxinately along an azi-

| muth of 1250 (north reference). Its capability and exact location is still
under study; therefore, to initiate studies on structural ccnsequences, the
following capability criteria were employed in these studies. .

1. Peak ground acceleration, 0.60 g's.

i
i

-12-
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2. Maximum fault displacment, up to 8 ft.
3. Dip angle, 15 to 45 .
4 Concurrent events, 0.40 g's horizontal PGA with slip and thrust up to

8 ft.

Because its location has not been established, the Verona Fault is assumed to
'

|
occur at any site location along the fault strike orientation.
O. 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 gravel
with occMienal 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
l gravelly clay (Livermore Gravel) to a depth of several hundred feet. The sur-i

3
! f ace materials are characterized by an in-situ density of 135 lbs/ft at a
| 15% moisture content. The results of consolidated-undrained (consolidated-

quick) triaxial soil tests indicate a Mohr-circle envelope defined by the Cou-
lamb equation with a shear friction angle of e = 20 and a cohesion in-cu

| tercept of c = 1400 psf.6 This is an extremely large value of cohesion
cu

' 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 testl

values a., reported were used. The ultimate bearing capacity of the soil is

qe = 20 ksf.6
By including the effect'. of soil-structure interaction resulting from

shaking, the shear modulus of the supporting soil rmst be estimated. Also,

: the soil shear modulus 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 10-6 psf).

III. SACXGRCUf0 AIO BASES FOR STRUCTlRAL APO EQUIPMENT ANALYSES

A. Introduction
.

f

| NRC requested that LASL assess the completeness and adequacy of the EDAC's

structural evaluations of Suilding 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.
|
|

,
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The description of EDAC's investigations of Suilding 102 and its strength
evaluations are presented in three unpublished recorts that are referred to as
the Task I,1 Task II, and Faulting AnaIysis reports.14 The Task I moort
cantains infomation such as structural details, behavice of structural ele-
ments, strength capacities of structural element construction materials, and
material properties, that is needed in assessing the strength capacity of
Building 102 and its substructures. No safety-related structural strength
assessments are given in this report.

The factual information in the Task I report was verified in a number of
isolated instances. Dimensions, reinforcing steel, construction details, and
construction materials were noted in the report ard compared with the corres-
pending items shown in the constmetion drawings. No discrepancies were found.

EDAC's analysis and evaluation of Building 102 to withstand earthquake vi-
bratory motions are documented in the Task II report. This investigation in-
cluded the entire building; however, the RML cells and the AFL that is located
in the basement area wre emphasized in the study. Damage scenarios (level of

,

expected stmetural danage vs expected earthquake peak ground acceleration re-
turn period) are included In this report.

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

In addition, stmetural consequences of concurrent faulting and earthquake vi-
bratory motions are assessed.

| The review of EDAC's Task II and Faulting Analysis reports included exami-
nation of the assumptions, the calculational methods, and the analysis methods.
Checks were made to determine if the conclusions matched the documentation and
camoutational information and if *..e information used in the calculation cor-

'

( responded to the information docunented in the Task I report. Sources of in-
formation and assumotions were noted. Evaluations and computation not fully
ccrnerehended were noted for further consideration.

After both LASL and NNCES had reviewed the studies, LASL met with NNCES to

discuss EDAC's studies. We agreed that the items identified below warranted
additional attention.

1. The loadings and resistance of exterior basement walls.

| 2. The PAL located on the first floor.
|
1
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3. The stmetural interaction between the RML cells and the basement
structure.

4 The secondary filter bank located in the basement.
5. The expected mode of behavice associated with the cambined f aulting

and shaking 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

, loadings were revised by LAR to always correspond to a cohesive soil. LASL

agreed with EDAC's conclusions relating to items 3 and 5; therefore, no signif-
icant changes were made here. LA1 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. LA1 alone considered item 6.

Descriptions and discussions of the methodology and techniques and results
of the stmetural capacity evaluation of Building 102 and its equipment folicw.
The evaluations focus on those portions of the structure and critical equipment
systems *ase failure or loss of function could result in possible hazardous
release to the ern f ronment. EDAC's descriptions, figures, references, discus-
sfons, and strength ar.sessments are directly incorporated into this report
senever they are cons'dered applicable and acceptable. The description of

| LA1's analyses are also included in this report, and the final strength as-
sessments reflect those of EDAC with modifications and changes by LASL.

| 3. Methodology ead Technioues

| 1. Secaration and Interdeoendence of Ccmeonent Parts

To f acilitate the structural . evaluation of Building 102 and its equipment,
we divided the overall analysis into five parts. The study focused on the
areas of concern, dich are, in the order of descending importance,

1. the critical equipment,
2. the AFL and the basement area, and

3. the RML cells.

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

| 4. the high-bay area and
5. the low-bay area.

|

. -18-
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The structural interactions between the parts and systems wre considered
in the overall evaluations. The interactions between the bu. iding system are
indicated in Fig.10. To include the influence of tne noncritical areas upon

;
the areas of concern, we first evaluated the noncritical areas. The behavior
of the equipment is dependent upon the behavior of the Building 102 structural
systems; therefore, the equipment was evaluated after the structural analysis
was completed.

The descriptions of Building 102 structural systems, components, and crit-
!

ical equipment are given in the Appendixes. Discussions of the structural de-
tails that most influence the responses of the systems are also presented in
Appendix A.

The strength capacities of the subsystems listed above were evaluated sep-
arately for vibratory ground motion, fault displacements, and concurrent vi-
bratory ground motion and f ault displacanents. The exceptions were that the
high- and low-bay areas were not specifically evaluated for structural conse-
quences for fault displacanents because the consequences of their collapse
would be no more severe than for vibratory rnotions. Also, these areas are not,

areas of concern. The RML cells are within the high-bay area, but they are
evaluated separately. The PAL is located in the low-bay area and above the
basement area; therefore, during faulting, its structural capacity is deter-
mined by low-bay collapse from vibratory motions or by large deformations 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 motions are characterized by. the 50th percentile alluvium
spectra contained in WASH-1255 (USAEC,1973) as reconsnended by the TERA

Corporation (Fig. 8). These spectra are scaled to the desired peak accelera-
tion.

The analysis includes the elastic and inelastic plastic regimes. 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-
for. This approximate method is 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 Expected damage levels
corresconding to incremental peak ground accelerations were constructed.

-19-
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TABLE II

Ot# PING AND DUCTILITY DATA

(ROM NE*/4tX)0

Damoing-

Construction Percent of Critical
Welded steel 5-7
Retaforced concrete 7-10
Solted steel 10-15

Ouctility

Item Faccor

Light ecutoment 1.0 to 1.5
Concrete in shear or c::maression 1.5 to 2.5
Concrete in flexure 2 to 5
Steel in tension and flexure 2.5 to 10
Steel in compression 1.5 to 3

l

Because Building 102 is of relatively ligntweight structure, and because
} the soil ~ data indicate stiff and dense foundation materials, soil-structure in-

L eaction was not generally considered. Soil-structure interaction was, how-
ever, considered in the analysis of the heavy RML cells for vibratory ground
motions. Soil-liquification was not considered credible because of the high
soil density (135 pcf), the level of the water table (at least 19 ft below-;

) grade level), and the large range of soil grain sizes (less than 0.03 in. to
1.5 in. ) .

'
'

Fault Movements

~Jst f aulting results in a decrease in distance between reference points
locate on the surface of the faulting blocks. This general characterist e 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

j soil must defom. Assuming the fault kinematics indicated in Fig.12, the es-
timated soil deformation is tcos0/2. The selected fault displacements are ex-
pected to produce soil defomations fran 2.9 ft to 4.0 ft.

-21 --
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Tne thrust and slip cf a f ault will induce earth pressure Icads en a buried
structure. The fault :novaments must be accortsncdated by either the structure,
the soil, or both. To determine the f ailure mode, the passive earth pressures
mst be estimated. Passive earth pressures de:end upcn the magnitude of the
sevement of a wall into a soil mass. The amcunt of wall movement necessary to
activate the maxinum passive resistance of a dense sand is within the range of
2-5% cf the wall height.20,21 For a wall height of 12 ft, displacenents
within the range 0.25-0.50 ft activate the full passive resistance of the soil.
The postulated maximum fault movenents (currently under study) are expected to
be as great as 8.0 ft; therefere, full passive soil pressures are assumed for
walls that can withstand the maximum passive pressures. Once the full ;assive
soil pressure has been activated, additional movements do not increase the

cressures, mich is cur accroach for the faulting analysis in not locking at
more severe movements.

The passive earth pressures are basec en a cchesive soil.2*'' Tne soil
parmneters for deternining the passive pressures are the internal angle of
friction (:), the achesien (a), the cchesion (c), and the wall rcugnness angle
( 5) . .Tnere is no availadle informatien en the wall adhesien and the wall
rougnness angle. Tnese two parameters increase the calculated resistance of
the soil. For uncertain conditions, Ref. 20 indicates that the wali friction
can be taken as one-half cf the internal angle of friction, and the waii ad-

hesion can be taken as one half of the conesion. The wall achesten (a) was
therefore taken as c/2, and 5 was taken as :/2.

The passive earth pressures distributien for a cohesive soil is
p = X, (Y: + q) + 2c X ,

mere p is the passive soil pressure,
<3 is the passive soil pressure coefficient,
y is the soil density (135 pcf),
2 is the soil depth,

e is the conesion (1400 pcf), and
e is the surcharge pressure.

Two basic loading conditions caused by cambined thrust-slip faulting ere
considered.

1. Passive soil pressures caused by the shortening characteristics of
thrust f aulting and the rotational movement induced by slip f aulting.

-2a-

_.



- -- - _ . -__ ._ _ _ _ _ .

.

2. Loss of continuous base slab soil support resulting in alternate sus-
port configurations for dead weight resistance.

The strength evaluations were determined using equivalent static analysis
techniques fcr the postulated loading distributions and the support conditions.
In the following sections, we discuss the analytical cases, the loadings devel-
oped from the selected seismic criteria, and the results.

The structural consequences from fault movements were evaluated using
determir.istic methods. An ultimate capacity analysis only was used; however,
expected damage arising from fault displacements of different magnitudes has
been evaluated. The procedure for estimating the structural damage was to
select a fault movement magnitude and then estimate the structural damage.
Because of the complexity of the soil-structure systems, considerable judgnent
was required in estimating the damage levels.

4 Concurrent Vibratory Motion and Fault Movements

The many soil and structure interactions that occur when a building is
subjected to concurrent shaking and faulting are complex. Because documented
cases of eng'ineered structures subjected to this seismic event are rare, ex-

'

perience in treating this subject is severely limited, and considerable judg-
ment is required in evaluating structural consequences. A study of the inter-
actions between shaking and faulting was conducted, and preliminary danage es-

|

timates were made. As a result of this study, we assumed that faulting was
i followed by shaking. Because any damage fran sb3 king would be in addition to

any structural damage from faulting, we believed that this procedure leads to
the maximum estimated damage to the structures.

IV. RESPONSE TO VISRATORY MOTION

| A. Low-Bay Area

1. Interactions and Assumptions

The low-bay area response to earthquake vibratory ground motions is nearl;'
indeoendent of the responses of the RML cells, the basenent, and the equipment
contained in the basement. Interaction between the high-bay and low-bay areas

i is limited to a shear wall that they share (line 20 of Fig. 5).
The analysis of the low-bay area was a conventional equivalent static load

! study based on the following assumptions.

|

-25-'
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e The roof diaphragm is rigid relative to the shear walls,
The walls had rigidities and capacities only in the direction of theire

lengths.

Each wall section was considered indivicually because the steel columnse

can provide only lin;1ted force transfer and strain continuity from wall
section to wall section. '

'

Except for the inertial loading that they can contribute to the low-bay
area, the additions to Building 102 were considered as separate structures.
The annex to Building 102 is structurally separate from Building 102 and was
not included in the analysis.

2. Descriotion, Discussion, and Results of the Structural Capacity Study
The mass center of gravity of the roof diaphragm is required for both the,

elastic and ultimate capacity evaluations. The mass associated with the roof
consists of the roof itself, the ceiling, the mechanical and electrical equip-
ment supported by the roof, and one-half of the mass of all walls that are not
self-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 low-bay roof system is 1160 kips. The center of gravity of the tribu-
tary mass to the diaphrage is shown in Fig.13.

The elastic canacities of the individual walls are given in Table III.
Openings, such as doors and windows, were considered in the analysis of capac-
ity and rigidity of the shear walls. Rigidities wre calculated considering
only shear defamations. Under elastic conditions, the capacity and ' rigidity
cf the steel columns are small; hence, their effect was neglected. The capac-
ity estimates given in Table III are associated with the dowels betwaen the top
cf 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.

4

Using 25 damping, the nominal elastic capacity of the low-bay area is about
10.05 g's PGA applied in either the N-S or E-W direction. The dominant deforma-
|

tion is torsion about the shear center. Because the interior partitions and
4-in, concrete masonry walls were not considered as structural walls, this
elastic capacity estimate is conservative.

.
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TABLE III

LOW-BAY SHEAR WALL CAPACITIES

Elastic Plastic
Wall Capac ity Capac ity

No. (kios) (kips) -

16-0-E 7.5 62.2
18-B-F 30.0 242.2
18-A-B 9.0 9.0

,

20-C-E 7.5
20-E-F 7.5
20-F-G 7.5
20-G-H 7.5 202.2
21-A-B 5.0 14.0
21.3-B-C 10.0 20.0
21.2-0-E 7.5 15.0
22-B-C 10.0 20.0
22-0-E 7.5 15.0
23-A00 10.0 20.0
23-A-E 22.5 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

E-20-21 7.5
E-21-22 7.5 60.0
C-23-25 15.0 122.2
B-18-20 10.0

B-20-21 5.0 46.0
B-21-22 7.5

B-21-23 4.0
B-23-25 15.0 242.2
A-18-21 15.0 30.0
A-21-24 15.0

A-24-25 5.0 60.0
A00-23-24 7.0 14

-28-
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The ultimate capacities of the individual shear walls are given in Table
III. These shear wall capacities are determined by the capacities of the dowel
connections between the top of the block walls and the steel roof system, the
clip inserts that connect the precast wall panels to the steel r:of frame, and
the stmetural steel colums that project above the shear walls. The dewels
and cli; in:erts are brittle and inelastic, whereas the steel columns are du -
tile. Also, as the colums yield, friction forces develop between Je too beam
Of a bcunding frame and the shear wall; hence, the loss of dowel capacity will
be partially compensated by the development of additional capacity fecm the
shear walls until the walls collapse or the structural steel joints fracture.
The steel colums provide slightly : ore than ene-half of the total lateral
cacacity, and the brittle connections provide the balance of the capacity. If

strong ground motions centinue for several building periods, the concrete bicck
ells without a beunding frame are likely to collapse once the reef connection
is broken.

The icw-bay area mean N-S cacacity is 345 kips. Fce all walls at their
mean capacities, the center of gravity of resistance is shown in Fig.13. The
distance between the mass 'and resistance centers of gravity decreases as the
low-bay moves frem the elastic to the plastic regimes; hence, torsion effects
are not as great at ultimate capacity.

The dmoing, ductility, and building period values are' needed to estimate
the overall strength capacity of the icw-bay area. Considering the connection
details and the nonlinear behavior of the Icw-bay structural elements, the
camoing was taken as 10%. Beciuse the building period is unkncwn, the maximum

amplification on the 10% response spectrum (Fig. 8) was used. Using a ductil-
ity of 1.65 and the maximum amolification of 1.65, the overall amolificaticn
factor is unity. See of the icw-bay shear walls are more severely strained
than others; however, because the shear wall tests exhibited significant duc-
tility, the ductility factor cf 1.65 can be justified.

The icw-bay strength capacities were determined by dividing the estimated
ultimate icw-bay capacities by the product of the icw-bay roof weight ud the
overall amplification f actor. The estimate:d static capacities of the icw-bay
area are therefere 0.7 g's in the N-S direction and 0.6 g's in the E-W direc-
tien.

.
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Secause the PAL is located in the low-bay area, its strength capacity is
closely related to the capacity of the low-bay area.
B. Hich-Bay Area

1. Interactions and Assunctions

The high-bay area shares a shear wall with the low-bay area (Line 20 of
Fig. 5). This wall was included in the analysis of the low-bay area; there-
fore, its resistance was not included in this analysis. The high-bay area in-
teracts with the RML cells because the high-bay roof derives lateral support
from the too of the cells and, if the south wall or the concrete masonry walls
located adjacent to the cells collapse, the RML cells might receive additional
loading. Because the RML cells are =assive in comparison to the high-bay
structure, we assumed that, in this capacity study only, the RML cells are
rigid. The analysis is a conventional equivalent static load study based on
the same assumptions used in the analysis of the low-bay area.

2. Description. Discussion, and Results of the Structural Capacity Study
The ultimate capacities of the various structural elements that are in-

cluded in the high-bay structural system are found in Appendix 3. The dead

load 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

maximum horizontal force of 57 kios (1.0 g's static equivalent) to the rcof
systent. With the roof dead load, 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 a total mean resistant capacity of 133 kips; thus, the strength in the
N-S direction is limited 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. If

this wall impacts the RML cells, they will not be damaged.
The two N-S high bicck walls (lines 22 and 23 of Fig. A-6) would contribute

to the resistanc: of 'he roof system provided that they do not f ail. The dy-
namic capacity of these walls is about 0.5 g's normal to their surfaces (in the
E-W direction); therefore, it is unlikely that they can survive to an acceler-
ation of 1.0 g's. Their effect on the resistance of the roof system was ne-
glected.

-30-
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For E-W earthquake motions, the resistance to inertial forces is provided
by the perimeter columns, the roof-to-cell steel bracing', and the E-W concrete

block wall that is located between the cells and that connects to the Robertson
steel deck. The total mean resisting capacity in the E-W direction is 153
k ips. Earthquake-induced horizontal forces in the E-W direction are less than

those induced by N-S earthquake motions (81 kips); therefore, the roof system
is capable of surviving earthquake accelerations in excess of 1.0 g's.

The first structural element in the high-bay ..ea to damage wculd be the
two interior high block walls. Their capacity is about 0.5 g's, and they would
collapse around the RML cells. The next structural element to fail wwld be
the east wall. Its capacity is about 0.7 g's, and it would fall to the east
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,
its capacity is determined by the overturning capacity of the RML cells.
C. RML Cells

1. Interactions and Assumotions
~

The two RML calls are .two-story reinforced concrete boxes. The ground
ficor reinforced concrete ficar slab over the basement, the basement wall, and
the wall footing are continucus with the cell construction. The structural
features of the RML cells are shown in Appendix 8. 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 comen party wall
with the basement. The basement floor slab is not 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 getde 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
crocedures to determine the structural co tsequences of vibratory ground mo-
tions. The cells are both stronger and more resistant to rocking in the E-W
than in the N-5 direction; hence, a detailed analysis of the cells in the E-W
Jirection was not considered necessary. Because of the relatively heavy weight
of the cells, soil structure interaction was considered in the dynamic analysis
of the cells. The weight of the heavy shielding doors was included in the
analysis, but they were not considered to resist motions.

i
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2. Descriotion, Discussion, and Results of the Structursl Capacity Study
The total weight of 'ch cell unit is 2930 kips, and its center of gravity

is 18 ft above the n a rooting level. or about 2 ft above the ground floor
level. The weight includes the weight of the high-bay roof that is tributary
to the cells, but neglects the weight of the small access wall that extends in-
to and is continuous with the basement system. The resulting mean soil pres-

2sure under the cells is 3.6 kips /ft ,

The ground floor slab will resist rocking motion. Reinforcing steel
(25.79 in.2) connects the floor slab over the basement to the cells at the
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
steel 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 analysis of the RML cell unit was made to determine the fundamen-
tal period of vibration in the N-S direction. A simple single mass and fixed-
base model of t!ie above-grade part of a cell unit yielded a period of vibration
of 0.02 s; hence, the cell . structure was considered to act as a rigid body.
Another dynamic model was developed to obtain the vibration modes associated
with sofi-structure interaction. The ground floor reinforced concrete slab
acts as a spring, and its stiffness was calculated assuming that the floor slab
acts as a deep beam supported by the N-S basement walls. The soil-structure
constants were calculated using 'crmulas from Novak.25 The dynamic model is
shown in Fig.15 along with the va~ lues of the parameters. The first mode of
vibration is foundatien rocking with a period of 0.14 s. The second mode (hor-

; 1: ental translation) has a periad of 0.076 s. Using 10% damping and a ductil-
ity of 2.0, the dynamic capacity is limited by the vertical reinforc'ing in the
walls of the cells in the piers. The capacity level of 0.90 g's is associated
with the start of limited cracking in the piers between the observation open-
ings. The failure mode is shown in Fig. 15. The cells response elastically
up to their capacity.

Overturning of the RML cells is not probable. The cell displacements at
the ground level are limited by floor slabs. In addition, soil pressures act-
ing on the below-grade part of the cells add resistance to overturning.
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Material from adjacent construction may collapse ento the cells; however,
damage to the cells would be negligible.
D. Basement and AFL

1. Interactions and Assumotions.
The RML cells are monolithically connected to the basement roof slab ano

to sections of the south basement exterior walls. Also, the RML cells form a
part of the south basement enclosure (Fig. 6). The basement roof slab serves

as a floor slab for part of the icw-bay area. The PAL is located on the ground
floor and above the basement area. Any collapse of structural elements in the
low-bay area and above the basement area wculd produce additional loads on the
basement roof slab.

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

2. Descriotion, Discussicn, and Results

A standard working stress analysis si silar to Gat used in the original de-
sign was perfomed by EDAC. This analysis was used to identify possible weak-
nesses in the design and to obtain an estimate of the level of conservatism in
the original design. The working stress design was satisf actory, and consis-
tent nomal levels of conservatism were used.

An ultimate strength static load type analysis using yield line concepts
for assessment of the capacity of the basement rtof slab, columns, and column
fcotings was also perfomed. The live load capacity at ultimate is about 700

2lbs/ft . This compares with an actual average live load plus the weight of
2the walls and roof that does not exceed about 200 lbs/ft . 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-
brations and cracking, but the basement roof slab will not collapse under this
loading.

Because the relative defomations between the roof and ficar slabs will be
small, little or no load will be applied to the block partition walls 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
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at top and bottom for defomations perpendicular to the wall face. As fixed-
end beams, their period of vibration is about 0.01 :; therefore, they respend
as rigid bodies to earthquake vibratory ground motion.

Another evaluation was a pseudo-dynamic analysis of the outside reinforced
concrete basement walls for out-of-plane loads that are produced by soil pres-
sures. The earthquake surcharge is associated with a 0.6 g's horizontal accel-
eration and, assuming that the wall acts as a simple beam, the basement walls

attain their ultimate strength at this loading. The seismic surcharge was com-
puted in accordance with Seed and Whitman with a 0.6 g's maximum accelera-
tion.25 An equivalent fluid pressure for one-half the soil unit weight dis-
tributed uniformly frcm top to bottom of the walls was- used for the earthquake

,

surcharge. The analysis used a trapezoidal loading on the wall of 330 psf at
the too of the wall and 990 psf at the bottom of the wall. The wall heignt is
11 ft.

LASL and EDAC concluded that the reinforced concrete ceiling slab, column,
bearing wall, and facting system have sufficient strength to survive the verti-
cal loads produced by the roof and ground ficar walls collapsing onto the slab
and by vibratory ground motion. The concrete partitien walls are adequate for
similar vertical load levels. The capacity of the block walls for 1 cads normal
to their face is 1.9 g's based on the yield strength of the vertical reinforc-
ing steel and assuming that they are connected to the basement roof and floor
sl ab s.

E. Critical Ecuicment
1. Interactions and Assumotions
'e cructural condition of the glove boxes is dependent upon the struc-

tural condition of the basement floor and roof slabs and the AFL block walls.
The glove boxes 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 detemined using response spectrum
techniques and an equival<ent static load study.

2. Descriotion, Discussion, and Results -

Including the stand and the enclosed equipment, glove boxes 37, 39, 41,
and 44 each weigh approximately 1300 lbs. Without equipment, they each weigh
about 1000 lbs. The stand weighs about 200 lbs. Without the bolted connection
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between the glove box and the stand, incipient overturning would occur at a
horizontal static acceleration of 0.5 g's acting perpendicular to the f ace of
the glove box.

Horizontal loads applied perpendicular to the faces of glove boxes 37, 39,
ar- 41 are resisted by the two end stand frames. For motions in this direc-
t1on, the first mode period of vibration is 0.09 s. If a load is applied to
these same glove boxes and in the direction of their length, resistance to mo-

tion is orovided primarily by the rear three-legged bent because the center leg
in front is removable and no horizontal pipe brace is provided (Fig.16). Tor-
sional motion is resisted by the two end bents and by the back bent. The peri-
od of vibration of the assembly in the longitudinal direction is 0.2 s. Assum-

Ing elastic response and 5% danping, the capacity is 0.7 g's PGA with the fail-

ure 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 allcw
the glove boxes to slide on the floor, but they will not. overturn; hence, the
ultimate cacacity is somewhat larger than 0.7 g's PGA. Even minimal yielding
will allaw the glove box and stand to move and vibrate on the floor; therefore,
no allcwance for ductility'is made in this assessment. Each of the corner legs
is connected to the ficar slab by a */4-in. bolt through the foot on the ad-
justing screw (Figs.16 and 17). These light connections were not considered
in the capacity evaluation. If these light connections are considered to be
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 behind it and to the
reinforced concrete floor slab; therefore, its . capacity to resist motion de-
pends on the connections and the wall and slab. Glove boxes 51 and 51A are

similarly connected to the reinforced concrete wall behind the glove Mx and
the overhead reinforced concrete slab, whereas glove box 50 is connected to

the reinforced concrete floor slab and the overhead slab. These connections
are rigid in nature and resist relative displacements in both horizontal di-
rections. They have a static load capacity in excess of 1.0 g's PGA.

The steel straps used for connections are stronger than the 1/4-in, and
3/8-in. Phillips Red Head expansion bolt connections to concrete er concrete
b lock. The connections to the glove boxes are also stronger than the connec-
tion to thc ccncrete or the concrete block.
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V. RESPONSE TO FAULTING

A. Introducticn

Structural consequences from faulting -t not addressed for the low-bay
area. Except for the PAL, this part of L;iding 102 does not include critical
creas pertinent to safety. The PAL is located above the basement area; there-
fore, its structural consequences from faulting are directly related to the
basement structure.

The high-bay area provides protection for the working area about the RML
cells, and therefore it does not include critical areas. Structural conse-
quences from f aulting were not considered for this area.
B. RML Cells

Pastive earth pressures that develop during faulting ca be large and pro-
duce structural damage. The precise distribution of passive r 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
is judgmental and is presented only to show the basic disturbing forces imposed
by fault movsnents occurring under the RML cell foundation. This pressure dis-
tribution is partially based on a review of Ref. 27.

Because of the fault orientaiicn, the full passive pressures will not act.

nonnal to the RML csil or basement walls nor will the full passive pressure be
developed along the entiin length cf these walls; however, in the analyses,
the belew-grade walls were assumed to be subjected to a full passive pressure
distribution along the length of the walls. This assumption leads to overes-
t.imates of the applied loads and'has the effect of neglecting the directional
properties of the fault.

Three wall sections were selected (Fig. 19) for yield-line analyses with
full passive pressure distribution. Wall section (1) is a 1- by 12-ft strip
of the 12-in. thick basement wall. The length 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 12-in. RML cell retaining wall panel. Wall section (3) is
a 12-ft by 19-ft by 25-in. RML cell foundation wall. The aspect ratios of
walls (2) and (3) are less than two; hence, two-dimensional effects are con-
sidered in the yield-line analyses of these walls.
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We consider Ref. 22 to provide the best available procedure for estimating
the static passive resistance of cohesive soil. Using the soil parameter val-

0ues o = 30 , 5 = 15 , c = 1400 pcf and a = 700 pcf. the total horizontal
wall thrust per unit width P is given as

P = 1/2 K, H2 + (qK, + 2c g H = 2.32 H2 + 4.14 qcH,

wnere H is the wall height.
The surcharge q is used only if the soil above the walls support a part uf

Suilding 102. A conservative q-value of 250 pcf was used in the analysis of
wall section (3). Wall section (1) had no surcharge and, because wall (2)
would fail before the full passive pressure was activated, the refinement of
including the effect of q was meaningless.

For each of the wall sections, the minimum value of the coefficient of
passive pressure, K , needed to procuce a collapse mechanism was det?rmined.p

The yield-Ifne collapse mechariisms and the coefficients of passive pressures
are indicated in Fig. 19.

The total thrust per unit width required to produce the yield-line collaose
mechanism and the maximum thrust dev31oped by passive earth pressures for the

wall sections are given in Table IV. Failure is expected whenever the passive
pressure thrust exceeds the thrust producing the yield-line collapse mechanism.
The 12-in. walls would therefore be expected to f ail, whereas the 36-in, wall
would not be expected to fail in flexure.

The applied pressure magnitudes obtained from a yield-line analysis repre-
sent an upper bound; however, consideration of deep beam effects (thickness /
span ratio < 1/4), in-plane edge restraint,28 and the develcoment of membrane

forces will result in an underestimate of the total wall capacity. Considera-
tion of these ef fects coupled with the assumptions on the passive pressure dis-
tribution, yields wall capacity estimates of total wall resistance that repre-
sent a lower bound of the total capacity. In addition to the yield-line capac-
ity evaluation, the shear capacity of the 36 in, wall section was determined.
The results indicate that the shear resistance (assuming a punchout f ailure

made and Tult = 110 osi) is approximately equal to the yield-line wall thrust.
The wall capacity is therefore greater than the amplied soil pressure, and
f ailure of the 36-in. cell walls is not probable for the imposed f aulting cri-
teria.

13-
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TABLE IV

APPLIED AND RESISTING LOADS FCR SEVERAL CONCRETE WALLS
.

Maximum

Yield-Line Collapse Passive Pressure

(P/H) fail (P/H),,,
(1bs/ft) (1bs/ft)

12-in. Basement--slab 970 11050
12-in. Cell retaining--wall 3130 12700
36-in. Cell 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 soil-retaining wall, and thus the only consequence of
failure is entry of soil into the nonfunctional below-grade space of the RML
cells. Failure of the basement walls will have only a minor effect on the
response of the RML cells. The ground ficar slab that is integrally connected
to the cells transfers in-plane shear forces to the basement walls provided
the slab-cell connection remains effective. If the slab-cell connection is
severed, the basement slab and wall system helps to prevent overturning of the
RML cells.

If a structure 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 predicted; hence,'the support conditions that produce the most

,

j severe structural stress conditions are ased. The postulated support cases
i 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
RML cell is supported near its middle. These two support cases are referred

! 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 RML cells. The effects of these structural elements were evaluated.
The minimum 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 3Cf. of the total weight of a RML cell. This resistance is insufficient
to consider the basement walls and roof slab to act as a support in the loss
of base support analyses.

The tensile strength of the basement roof slab was cmuted and compared
to the reaction required to prevent movement of the cell away i.'s the roof -
slab. The maximum tensile strength developed by the basement roof slab is
about one-half of the strength required to prevent cell movement away fran the
slab.

The interaction of the basement floor slab with the cells was also evalu-
ated. The floor slab is not monolithically connected to the cells; therefore,
the interaction is directional. For passive earth pressures pushing the cells
towards the basement area, the basement ficer and the basement roof slab will
prevent large rotations of the cells. Because of the postulated Verona Fault
orientation and movements, the cells would ce pushed toward the basement area.

Comoressive axial forces would then develop in the floor slab. Computations
indicate that the induced compressive axial forces will not buckle the basement
floor slab.

Because of the lack of a specifically defined faulting criteria, the most
severe Icading conditions have been assumed. The interaction of the basament

walls and basement roof and floor slabs with the RML 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 RML cells to resist
seismic forces. *

The loss of continuous base support results in a redistribution of reac-
tions to the dead load (gravity) forces. These dead load forces were assumed
to be resisted by the below-grade box structure that consists of the foundation
walls, base slab, and cell ficer. Distributed 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
i

cantilevered beam. The flexural resistance of the box structure was conserva- |
tively estimated from the axial forces in the steel reinforcement in the cell
floor and base slabs. The shear resistance was c:miputed considering only the

,

concrete area in the foundation walls and the concrete shear strength. I

l
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The analyses show that the slab steel reinforcement is stressed to about
7C% of the yield strength (47 000 psi) from the dead weight loads for both as-
suced support conditions. The dead loads produce shear forces w' thin the walls
that are about 50% of their ultimato shear capacity. The box structure is not
independent fran the above-grade cell structure; hence, the entire cell has
greater resistance than the simple box beam considered in the analyses.

The loss of continuous base support beneath the RML cells leads to increas-
ed soil pressures at the remaining reaction regions. The effects of these lo-
calized soil pressure increases on the ML cell structure are examined. The
soil-bearing pressure is limited to 20 ksf; hence, the contact area between the
soil and the cell cannot decrease below a value compatible with the cell weight
and the soil bearing pressure. Before detenntning the minimum contact area, we
had to evaluate the strength capacity of the base slab. The computed bearing
pressures corresocnding to the assumed mechanisms occurred within the range of
4-5 ksf. The bearing pressures in the vicinity of the assuned support points
will approach the ultimate soil bearing pressure of 20 ksf; hence, damage to
the base slab is probable. Approximately 40% of the base slab area is bearing -

foundation wall; thus, the loss of slab resistance will simply transfer the
bearing loads to the areas directly beneath the foundation walls.

The wall surface shear forces that depend upon the wall roughness and the

soil cohesion are an additional consideration. The direction of these wall
shear forces depends upon the relative movement between the soil and the cell
foundation walls. These surface forces were assuned to act upwards when the
passive soil pressures ere computed because of increasing the passive soil
pressure. An upward surface force would aid in supporting the cell, thereby
resulting in a snaller soil-bearing pressure. If the surface forces acted,

downward, the soil bearing pressures and/or soil bearing contact area would be
increased; however, the computed passive soil pressures would be less. The
actual surface force magnitudes and directions cannot be determined without a

knowledge of the exact fault location ar.u fault dip angle; hence, they were
not directly included in the cell support analyses.

We conclude that the above-grade RMt. cell structure will not suffer major
structural damage from loss of base support fran the defined fault displace-
men ts. The cells have the strength to act as either a simple or cantilevered
beam. The founoation base slab could be damaged by the redistribution of soil-
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bearing pressures; however, its failure only affects the belcw-grade nonfunc-
tional space of the RML cells. The cell retaining walls could collapse and
soil enter the below-grade cell space; hovsver, this does not affect safety.
C. 3 assent and AFL

1. Introduction

The procedure for evaluating the structural consequences was:
(1) Evaluate the strengtn characteristics of the structural elements

and examine the interaction between the different structural ele-
ments; and

(2) Assume specific fault parameters (location and direction) and
determine probable damage levels to the basement 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 fault interactions are difficult to evaluate.
The basement structural system includes exterior and interior walls, columns,
and roof and floor slabs,.all interacting to form a highly indeterminate sys- .

tem. Indeterminate systems provide greater overall strength because the loads
carried by individual structural elements that become overloaded are trans-
ferred to adjacent structural elements that ara not overloaded. Collapse of
the system does not occur until a sufficiently large number of structural
eleents 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 consequences. The loads determine the
structural behavior, yet they de, send upon the structural behavior and fault
characteristics. The f ault 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 disturb the
scfl. In addition, the presence of structures within the fault zone can
locally change the fault characteristics. Little documented information on

the effects of structures on faults is available. The available information
is very limited.N Evaluations of the structural consequences of faults
intersecting structures therefore requires considerable judgment.

,
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LASL established that fault movements cannot shear the basement structure.
Because the basement walls fail at relatively low passive soil pressures,
forces of the magnitude required to shear the basement structure cannot devel-

! co. 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

undisturbed soil samples. During a fault the soil would be locally disturbed;
| hence, its properties would change. The strength of disturbed soil is less

than the strength of undisturbed soil. The weaker the soil, the less the dam-
age to a structure subjewted to fault movements. LASL also assumed that the
fault movement rates were slow and that inertial forces could be neglected.

2. Evaluation of Structural Damace Frem Faults Intersectino the Basement
The primary confinement of the radioactive materials is the glove boxes;

therefore their integrity is the primary consideration in this study. We
looked at the structural action that can lead to damage or collaose of the
glove boxes.

Jhe primary confinement area has walls in contact with the soil on thei

north and east sides as indicated in Fig. 6. All three of these wall sections
are short (about 15 ft), and they could collapse in a f ault; however, only the
collapse of the wall section on the southeast side could damage glove box 51
and possibly glove box 50. The two confinement walls in the northeast corner
of the Fuel Lab East may suffer slight damage, but they are not likely to col-
laase. They are protected by the basement area that was later backf flled with
soil. The heavy RML cells protect most of the south side; however, there are

[ three short basement wall sections that could collaose during a fault. These
I

wall sections are all about 20 ft from the south confinement walls of.tne fuei
labs; hence, they pose no threat to the confinement walls unless the f ault
movements are severe. On the east side, there is a distance of about 20 f t

between the exterior basement wall and the confinement wall of the Fuel Lab
West. The basement wall could collapse and allow soil to enter the between-
wall space; however, the fault movement would have to be in excess of about 25
ft before failure of the west confinement walls becomes credible. Collapse of
the west exterior basement wall could lead to a partial collapse of the roof
slab over the space between the basement and confinenent walls; however, the
collaose hinge in the roof slab would form outside the drop panels. This would
not necessarily lead te damage to the confinement wall because the wall and
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columns auld continue supporting the roof slab over the fuel labs. Also, the
soil pushing into the between-wall space would prevent the roof slab over this
space from collapsing onto the basement floor.

In the previous ducussion, we examined the structural consequences result-
ing from slip movements, but slip and thrust occur simultaneously. Both fault
movements produce passive soil pressures. The cause of the pressures on the
walls was not consideteo; hence, the evaluations remain valid. Passive soil
pressures have a limiting value that is independent of the direction, provided
the soil is considered isotropic.

The vertical movecent caused by .the thrust movement tends to raise one
side of the basement structure relative to its opposite side. This movement
is the most severe when potential damage to the glove boxes and confinement
area is considered. These vertical fault movements could produce locali:ed
diffseential displacements in the structure as indicated in Figs. 22 and 23.
These differential vertical movements can lead to crushing of the walls, both
exterior and interior, in the fault zone width. This could cause a breach in
the basement confinement and the primary confinement walls; however, because
these walls are located below-grade, their failure alone would not result in
an coen path to the atmosphere. Because several glove boxes are attached to
an interior wall, these glove boxes might be damaged.

A vertical differential displacement can also produce the flexural failure
made shown in Fig. 24 Two plastic hinge lines would fom, one on each side
of the fault zone. Because of the reinforcing steel, the slab section will not
collapse, but concrete debris could fall upon the glove boxes below the hinge
line and damage the glove boxes.

The vertical fault tovement can also cause the floo* slab to move upward
toward the roof slab. This action can severely damage the glove boxes that
extend frce the floor to the rc-;1. The floor slab upward movement is limited
by the presence of the colurst footings and the interior concrete masonry walls.
As the floor slab tends to move upward, the column footings will pick up the
loads; hence, the floor slab upward movement is limited.

Both the roof slab and floor slab failure distortions are made more severe
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 anq
slaos to buckle in the region of the f ault zone because of the distortions in- '

duced by the f ault movements. The effect is to cause more damage to the glove
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boxes through structural distortions and falling debris. For the most probable
fault orientation, only two or three of the glove boxes would be damaged.

The amount of damage is decendent upon the magnitude of the slip and
thrus t. These evaluations have considered incremental slip and thrust magni-
tudes of up to about 3-9 ft.

For the movement considered, possible penetrating cracks could develop and
paths to the atmoschere could exist, even though they would be of limited size.
Comolete collapse of the roof slab into the basement area is not expected.
D. Critical Ecuioment

Damage to the glove boxes is dependent upon the damage to the basement -

structure. Significant damage to some of the glove boxes mignt occur, partic-
ularly if a part of the roof slab collapses into the basement area. The floor
to ceiling glove boxes would be damaged if the floor slab was pushed toward the
roof slab as a result of the upward movement of the floor slab.

VI. CCNBINED RESPCMSE TO VIBRATORY TTION AND FAULTING
'

A. Introduction

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

Faulting consequences were not considered for the high-bay area, and vibra-
tory motion response is discussed in Section IV.3.
3. RML Cells

Because the effects of concurrent faulting and vibratory ground motion
j (shakiny) are difficult to quantify, their interaction is closely examined and

discussed.

Shaking reduces the soil stiffness; therefore, tne soil deformations re-
quired to develoo the full passive soil pressures would increase. If a wall
displacenent of 5% of its height is necessary to activate the full passive
soil oressures and this displacement is increased by 40%, the required soil
displacement is about 12 in. Fault movements of 1.5-3.0 ft would therefore

activate the full passive soil pressures; hence, the analyses for consequences;

| resulting fran the loss of continuous base support remain valid.
Vibratory ground motion has little influence on the fault 1ng response of

the cells; however, faulting 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 soil
stiffnc tes, redistributing the dead load stresses, changing the overturning
resistance, dec4 psing the soil-structure natural frequencies, and increa fng
damping through larger displacements, disturbed soil, and damaged structural
elements. These changes effect the below-grade part of the RML cells only, and
their response is dominated by the soil-structure frequencies; hence, concur-
rent faulting and horizontal shaking should not produce significant additional
forces in the important above-grade cell structure above those produced by
shaking alone.

The cell response to vertical vibratory motion requires examination. A

single mass model with a vertical soil 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 10% 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 fran concurrent shaking and faulting is 0.27 g's (2/3
of 0.40 g's).

In the faulting analysis, the redistributed dead loads caused by the loss
of continuous foundation support developed abo'st 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
g's vertical ground motion. The combined dead and seismic vertical loads would
de,elop about 90% of the cell structures' flexural capacity.

Analyses 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 indicates that the effects of surface faulting will not signif-
icantly affect the above-grade RML cell structure, hence, the combined stresses,

in the cell structure above the ground floor slab are essentially equal to the
vibratory ground motion stresses resulting fran the 0.40 g's ground motion as-
sumed concurrent with faulting.

-

-56-
,

|
1



. .

C. Basement Area

From vibratory motion (shaking) alone, the basement walls reach their ul-
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 will produce more extensive basement' structural damage. The evalua-

tion of the damage caused by concurrent vibratory motion and faulting is estab-
lished by considering the damage levels produced by faulting and evaluating the
possible additional damage produced by shaking.

Faulting disturbs the soil within and adjacent to the fault zone, and the
prcperties of disturbed soil are different from undisturbed soil. The strength
and shear modulus of disturbed soil is less than for undisturbed soil; however,
the d a ping in disturbed soil is larger. The increased soil damping would
probably neutralize any increase in structural response resulting from a lower-
ed shear modulus. The structural response to shaking could, however, be suffi-
cient to cause collapse of walls damaged by the fault moveme'its, particularly
the interior concrete masonry walls. Collapse of the masoniy walls can lead
to a path to the at:nosphere and a loss of confinement. Shaking could also
cause an increased movement of the basement floor slab into the basement space
and therefore cause additional danage to the floor-to-ceiling glove boxes.
Shaking could also lead to collapse of part of the basemer.t roof slab that is
located above the f ault 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 fran concurrent shaking and faulting are
presented in Section VII.C.

D. Critical Ecutoment

During concurrent faulting and shaking, any damage to the glove boxes and
equipment would be principally caused by the fault displacements. Because 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 little different from those from faulting
alone.
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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:

1. basement and AFL,

2. glove boxes and exhaust equipment,
3. RML cells,

4. high-bay area, and
5. Tow-bay area (including PAL).

The analysis of Building 102 has c.'emonstrated that the AFL (located in the

basement of Building 102) and its equipn.cnt will not be structurally damaged
up to a PGA in excess of 0.6 g's. The reinforcing steel in the piers between
the vindows of the RML cells will start to yield at the ground ficar level at
0.r 3's PGA. The icw-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 RML
cells are estimated to have an ultimate capacity of 0.5 g's.

Because of the dependency of response on the exact character of the postu-
1ated loadings and the uncertainties in component capacities, the quantitative
estimates of ultimate capacities include considerable judgment. Many of the
ccmponents have ultimate capacities that are large relative to their limits of
elastic behavior, dereas some of the ccmponents exhibit brittle characteris-
tics. An infinite number of response paths exists between the total system's
elastic behavior limit and its ultimate capacity. We are concerned with fore-
casting the likely 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, general response
characteristics, and the evaluation of interactions between structural systems.

;

B. Interaction of Buildino 102 Suboarts
The low-bay area, if it collapses, will load the basement roof slab and I

affect the strength of the high-bay area. The glove boxes and associated ex-
haust equipment located in the basement area are not influenced by the collapse i

of the high- and low-bay areas. The response of the basement and high-bay |

areas influence the response of the RML cells; however, this influence is unall !
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and was not directly incorporated in this analysis. These interactions, along
with the relative influence of the behavice of each system uoan the gicve boxes
and the RML cells, are given in Fig.10. Under vibratory ground : notion, the
interacticn between the glove boxes and RML cells is small.
C. Damace Scenarios

The danage scenarios from vibratory motion that are given in Tables V--XII
are based en mean capacities cf the structural resisting systems. The return
periods are those recommended by the TERA Corporation (Fig. 9).

Table V centains the response and damage levels asscciated with ground me-
tien up to 0.1 g's, and Table VI contains the rescense and damage levels asso-
ciated with motions in the range of 0.1 g's to about 0.4 g's. In Table VII,
we consicer severe ground motion in the range of 0.4 g's to about 0.8 g's,

TABLE V

DAMAGE SCENARIO FOR PEAK GROUND ACCELERATIONS UP TO 0.10g's

(T about 8 years)

Area of Concern Buildinc Structural and Ecuiement Events

Basement, AFL and No danage to basement.
critical etuiprnent

No damage to ecuipment.

RML cells and high-bay No damage to RML cells.
area -

Possible light cracking in hign c ncrete block
walls.

Low-bay at ta Light cracking in concrete block walls.

Danage to dowels between roof diaonragm and tcps
of concrete block shear walls. Cracking at joint
between concrete bicck walls and structural steel.
Limit of elastic response of roof shear-wall sys-
tem is about 0.05 g PGA. Deflection will be s:nall
at this load level.

Discussion:

It is unlikely even minor repairs will be needed after this event.
.
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TABLE VI

DAMAGE SCENARIO PEAX GROUND ACCELERATIONS IN THE RANGE 0.lg's TO 0.4g's

(T up to 270 years)

Area of Cencern Suildino Structural and Equioment Events

Basement, AFL, and No damage to baserent or equipment. Light crack-critical Eeuipment ing is possible, particularly at construction
joints in basement area, and small differential
motion could occur between glove boxes, stands,
and supports.

RML cells and high-bay Light to moderate cracking damage to high con-
area crete block walls on north side of RML cells on

each side of the 28 ft bay. Collapse is un-
likely because walls are reinforced and doweled
to adjacent construction.

No direct damage to structural system of RML
cells. Light cracking at construction joints is
likely.

Cracking at joints between precast wall panels
is likely.

Low-bay area Light to moderate cracking at joints between
precast walls. Damage to dowels connecting
shear walls to structural steel. Differential
motion between roof system and concrete block
shear walls of about 1/4 in. Moderate to severe
cracking at joint between structural steel and
concrete block.

Discussion:

Repairs to high block walls may be needed after moderate earthquase ground ;

motion. No daage in AFL is likely, and AML cells will be undamaged '

structurally.
|

l

|

I

!
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TABLE VII

DAMAGE SCENARIO FOR PEAK GROUT ACCELERATICNS IN THE RANGE 0.4 g's TO 0.3 g's

(T up to about 1030 years)

Area of Cc'g 3 Suilding Structural and Ecuioment Events
AFL equipment Glove boxes 37, 39, 41, and 44 will slide and vibrate rela-
and critical tive to floor, with motion restricted by loosened saddle
eouipment tiedowns. Glove boxes and exhaust equipment will likely not

be damaged structurally. Glove boxes 23, 50, 51, and 51A
will move in accord with basement construction to wnich they
are connected. Glove boxes supported by connections to both
ficar and ceiling may be slightly displaced partly frz .
differential motion 4 en portions of ground floor (low-bay)
wall and roof system f ail.

Basement Reinforced concrete construction will be damaged. There will
be differential motion on ecnstruction joints and light to
moderate cracking of the ceiling slab. The basement rein-
forced concrete walls reach yield at 0.5 g's PGA. Damage

_will depend on the duration of the earthquake strong motion. "

No general collapse will occur, but some local f ailures are
..possible.

Concrete block partition walls will be cracked because of
differential motions.

RML cells and High concrete block walls fail with partial collapse. Block
high-bay wall between cells on scuth side will fail. Precast concrete

walls on east s We cf hign-bay anta will fail (0.7 g's PGA)
fran loss of connection to stael frame and these walls will
f all to the east away from the hML cells. Steel columns on
east side may fail.

Structural system of RML cells will be undamaged in terms of
their cwn response pattern.

Low-bay area Roof and shear wall system will be severely damaged at abcut
0.5 g PGA with some collacse ento the grcund flocr slab over
the AFL. The PAL structural containment breached.

Discussien:

Although comolete collapse is not likely, extreme intensity and long duration
ground motion will produce severe damage on the ground floor with some col-
laoses. The collapse of the roof and wall systems may crack the RML cells.
The AFL is protected by the heavy reinforced concrete ceiling slabs from col-
lapse on the ground floor level. The reinforced concrete structural system of
the basement will be damaged at about 0.5 g, and the ceiling slab will be sub-
ject to loads free ground floor damage at about the same load level. No gener-
al collapse will occur in the basement structural system although local fail-
ures are likely.

-61-

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ -



~

. .

TABLE VIII

DAMAGE SCENMIO FOR PEAK GRCUND AC"ELERATIONS ;W EXCESS OF 0.3 g

(T up to abcut 1030 years)

Area of Concern Building Structural and Ecuipment Events

AFL, critical General failure and collapse is unlikely althcugn
equipment there may be severe differential motions.

B asement No collapse of the overall structural system is
likely at these levels of earthquake vibratcry
ground motion, decencing upon the curation. The
general collaose is unlikely as tne structurai
components are well reinforced and constructed.
Local fatlures of the walls and ficor could
danage the glove boxes er the exnaust system
with the possible attendant loss of c0ntainment.

RML cells, hign- and icw Severe damage with some collapse in the hign- and
bay areas Icw-bay areas and moderate cracking in piers of

RML cells.

TABLE IX

DMAGE SCENMIO FOR FAULT DISPLACMENTS UP TO 0.5 FT

Area of Concern
Building Structural and Eouioment Events

Basement, AFL, and critical Lccal lignt cracking in the basement
equipment walls. Possible small visible crack

across roof slab. Slight heaving of <

floor slab. No damage to gicve bcxes. '

l

RML cells No damage to RML cells

!
l

.
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TABLE X

CAMAGE SCENARIO FOR FAULT DISPLACEMENTS IN THE RANGE OF 0.5 TO 1.0 FEET

Area of Concern Building Structural and Eouioment Events

Basement, AFL, and critical Moderate 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 fault
zone. Moderate heaving of floor clab.
Light danage to floor-to-ceiling glove
b oxes .

RML cells Light to moderate cracking in RML cell
soil retaining walls. Light cracking
in base slab possible.

TABLE XI

DAMAGE SCENARIO FOR FAULT DISPLACEMENTS IN THE RANGE 1.0- TO S.0-FT

Area of Concern Building Structural and Equioment Events

Basement, AFL, and critical Severe cracking in basement walls adja-
equipment cent to fault zone. Separation of base-

ment wall and rocf slab joint possible
in the fault zone. Soil enters space
between the basement walls and the AFL.
Possible light damage to the AFL walls
on the north side. Penetratino cracks
possible in the roof slab (pats to at-
mosphere possible). Significant heaving
of floor slab. Floor-to-ceiling glove
boxes could be partially crushed.

RML cells Moderate to severe cracking in the soil
retaining walls. Moderate to severe
cracking in the base slab.

1
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TABLE XII

DAMAGE SCENARIO FCR FAULT DISPLACEMENTS IN THE RANGE 5.0- TO 9.0-FT

Area of Concern Building Structural and Ecuiement Events

Basement, AFL, and critical Collapse of. basement walls within and '

equipment adjacent to the fault zone. Soil is
pushed into the space between the base-
ment walls and the AFL walls. Depending
upon f 41t zone location, insignificant
to moderate damage to the AFL walls on
the north side and to a wall section on
the west side. Heavy localized cracking
in roof slab with possible severe heav-
ing of floor slab. Severe damage pos-
sible to floor-to-ceiling glove boxes.
Damage 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
cells. Severe cracking in the base
slab possible. Above-grade functional
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.

Damage scenarios for various fault displacement ranges are given in Tables
IX--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 only specify a total displacement. Because the structural damage is
concentrated 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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0
125 measured from the north reference in a clockwise rotation. Ccmbined
faulting and vibratory ground motion damage was incluced in the fault dispiace-
ment damage scenarios.

i

APPENDIX A

DESCRIPTION OF STRUCTURAL SYSTEMS AND EQUIPMENT

I. INTRODUCTION

The detailed descriptions of the Building 102 systems and their important
structural correonents and equipment are presented in this appendix. The sys-
tems described are the

1. low-bay area,
2. high-bay area, '

3. RML cells,
4 basement and AFL, and

5. critical equipment.
,

II. LOW-BAY IAEA

The low-bay area was constructed using structural steel framing, concrete
masonry, and precast concret|t walls. Vertical loads are resisted by the steel
framing, and horizontal loads are resisted by shear walls.

The roof system employs simple beam framing (no continuity) supported by
steel columns that rest on bell-bottom caissons. The roof construction in-
cludes Robertson steel roof deck welded to the structural steel roof framing
(Fig. A-1). This combination forms a diaohragm for the transmission of hori-

zental forces from one element 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 low-bay walls include 4-in. and 8-in. concrete masonry walls, precast
concrete wall panels that form the exterior walls, metal siding panels, and
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wood and gypsum board partitiens (Fig. 5). Only the 8-in reinforced concrete
masenry walls and the precast concrete wall panels were considered as struc-
tural load resisting members in the analysis.

The strength capacity of the icw-bay area is strongly dependent upon two
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 inserts at the top of the exterior precast concrete walls that are used

to connect these walls to the structural steel. The behavior of these connec-
tions is highly dependent upon the number of load 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 structure overcomes the permanent
inelastic member deformation that resulted from previcus load cycles.

III. HIGH-BAY MEA

The high-bay area is located in the S-E corner of Suilding 102. Its dimen-
siens are 60 ft N-S by 108 ft E-W (Fig. 6). The roof is 9 ft 8 in higher than
the icw-bay roof. The walls en the south and east sides of the area are the
same type of precast concrete panels as used in the icw-bay. These precast
panels connect to light structural steel girts that span between the steel col-

Nonstructural metal wall is used between the top of the precast panelsumns.

and the high-bay roof. On the west side, the structural steel roof frame con-
tains a bicek wall that extends to the height of the icw-bay roof. Nonstruc-
tural metal wall is used above the low-bay roof level. On the north side,
there are no structural walls below the low-bay roof level. Four feet inside
the north wall of the high-bay area, a concrete block shear wali extends from
the ground floor slab to the low-bay roof level as shown in Fig. A-4 between
lines F and E. This wall extends to the metal deck of the low-bay roof and is
connected to it; therefore, it does not influence the high-bay area.

The high-bay structural frame system is shown in Fig. A-5. The two RML

cells that are centrally 1ccated 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 A-7. Knee braces are
provided as shcwn in Fig. A-7 between the columns that connect to the precast
concrete exterior wall panels and to the roof beams.
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Two concrete block walls (near Lines 22 and 23 in Fig. A-6) extend from

the floor slab to the hign-bay roof metal deck. These walls are connected by
dowels to the RML cells. Two 4-in. block nonstructural walls extend from the
top of the cells to the roof (Fig. A-6). An 3-in. block wall that is located
at the south sides of the RML cells and between the cells extends from the top

of a small cell to the roof. This wall is also dowel-connected to the RML
cells.

The annex to Suilding 102 (Fig. A-6) is structurally separate from the
structural system of Building 102 and was not considered in this analysis.
The structural steel columns of the annex are located 2 in. from the exterior
steel columns of Building 102 (Lines 20--25, Fig. A-6). The south wall of the
high-bay area will therefore receive support from the annex frames if it fails
toward the south; consequently, the south exterior wall of the high-bay area
is constrained to collapse toward the norm.

IV. RML CELLS

The RML cells are located within Building 102 as shown in the text in
Fig. 2. Figure A-8 shows an exploded view of the RML cell constructicn. The
cell is shown in more detail in the plan views in Fig. A-9 and in the sections
given in Figs. A-10--A-12.

The cel. construction is massive reinforced concrete. Acproximately 7C%
of the volume of the below-grade box structure (base mat, foundatien walls, and
cell floor) is concrete. The volume of the above-grace structure (cell walls
and roof slau) is approximately 50% concrete and steel. The volume fraction
of the concrete and steel of the RML cells is much greater than for the usual
concrete structure. The above-grade cell walls are high-density (ferro-
phosphorous aggregate) idiereas the remainder of the structure is normal weight
structural concrete.

The amount of reinforcing steel is essentially the minimum required for
temperature and shrinkage effects. The ratios of reinforcement area to gross
concrete area are tabulated below:

|
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Steel Reinforcement Ratio ACI (1971)
Temperature and Shrinkage

Component A /bh Requirement3

Base Slab 0.0026 2 0.0020
Walls

Vertical 0.0013-0.0017 1 0.0015
Horizontal 0.0018-0.0024 3 0.0025

Roof Slab 0.0024 y_ 0.0020

The RML cells are not independent from the structural system of Building
102. The ground floor slab over the basement area 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 RML 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,
ventilation exhaust ducts serve gells 3 and 4 The primary exhaust filters
are located within the cell. There are four ventilation input openings (5- by
5-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) fann a radiation lock for the transfer cask pit as indicated in
Fig. A-9. The doors have two sections: (1) a smaller section that is lifted
up by an actuator reacted by the roof slab, and (2) a larger section that is
lowered by hydraulic rams contained within the below mat casings as shown in
Fig. A-10. When the doors are in a closad position, shear pins are inserted
through the walls and into the doors to prevent accidental opening. During
operations, cne set of doors remains closed; hence, 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 contruction details for the base-
ment at: shown in Figs. 2 and A-14 The AFL that is located within the base-
ment of Building 102 is shown in Fig. 6 in the text.

The basement roof shb is of flat slab construction with drop panels. The
basement columns are square, tied, and bear on rectangular spread footings, and
the rehforced concrete basement walls are supported on spread footings. The
basement floor slab was placed on grade, and it is not connected to the walls,
footings, 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 ircluded in the original construction of
Building 102, but were added at a later date. Concrete block partition walls
were constructed to for n the various laboratory areas.

Construction joints are located at the tops of the footings, columns, and
walls. The reinforced concrete exterior walls were considered to act as simple
beams supported at the floor and ceiling slab levels and loaded by earth pres-
sure. The basement floor slab transmits applied loads directly to the soil and
cannot be displaced horizontally; therefore, no further analysis was necessary
for this slab.

The 8-in. concrete block wails 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 period of time, these
walls have become bearing walls e'ven 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 boxes in the basement AFL areas as po-
tential sources of release of various types of plutonium compounds.24 These
enclosures or glove boxes are designated as glove boxes 37, 50, 51, 51A, and
23 (Fig. A-15). Glove boxes 38, 41, 44 are similar in construction to glove

1

box 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 details of the glove boxes are shewn in Figs. A-16--A-20. A

typical glove box is f abricated frem 1/8-in. stainless steel plate with welced
joints. It rests on a stand that is f abricated fran steel pipe and angles.,

Bolted connections between the stand and the glove boxes have been added to the

critical glove boxes with standard stands (37, 39, 41, and 44) (Fig.16). At
the four bottom corners of the glove boxes, 3/8-in. ma: hine bolts have been in-

stalled through the stainless steel skin of the glove box and the steel angles
forming the tco of the stand. When bolts could not be located in the corners
of the boxes, connections were made at other locations. These connections con-
sist of four threaded bosses elded to the bottom of the glove box and attached
to the stand through clamps. The frdividual details vary, but the connections
have sufficient strength *4 keep the glove box securely on the stand.

Glov ' box 51 is an assembly of floor-to-ceiling boxes connected to each
other and to the 12-in. reinforced concrete wall behind the glove box and to
the 12-in, reinforced concrete slab over the glove boxes. The connections pre-
vent motien in all directions and are made with steel straps bolted or welded
to the glove boxes and connected to the reinforced concrete by expansion bolts.

Glove box 50 is an ass'embly of ficor-to-ceiling boxes connected to the
floor and to the ceiling by steel straps and expansion bolt assemblies. The
connections provide resistance to motion in all directions.

Glove box 23 is connected by steel straos, wlds, and bolts to the concrete
bicck wall benind the glove box and to the floor. As shown in Fig. A-18, a
ceiling suspension system consisting of 1/4-in. diam preformed 1 x 19 galvani:-
ed aircraft cable and appropriata connections is provided.

~ach glove box has an integral exhaust filter that is connected to stain-
less steel pipe through a flexible connection about 12 in. in length. The ex-
haust piping is securely braced to the overhead reinforced concrete slab. The

~

exhaust pices empty into two co lection filters, one in each primary laboratory
area. This second stage of filters then connects to cucts that lead to a sin-
gle large duct and to the final filters that are located in Building 102A. Two
levels of filtering are provided in the laboratory area before exhaust products
leave the laboratory area. The filter collection boxes in each laboratory area
are connected to the overhead reinforced concrete by steel straps and bolts.

-85-

,



.._ - _- _-. -_ _. . _. .. __ __ _ -_ _- .

4
-

E
|

a
1a

d

f,

k
.-
."

d

TU-

- ,

1

ry"i
'

.*

t f,

.
L-

I\ .i f-*

j' %'
s. ; ..

6-
,

*
t

I
*

L
-

> .

.

-

'

t ,
*

-
'-

.
*

i

. LB'

'

.

Fig. A-16.
Connection of larger floor to ceiling Glove Sox 50 to reinforced
concrete ficor througn aelded steel strac anc ex:ansion ooits.
Similar connecticn for Glove Sexes 23, 51, and 51 A to salis tenind
glove oxes.

J. 5 -

,

.-- _ _ _ _ _ _ ___ _ _ - - - - _ _ _ _ _ , - - - , - . . - - , - . - - - _ _ - . - - - , . - . - - - - - - - - - - v- --



- . - __ - -- - _. _ ._ _ _. -- _ .. - - - - -_ - ___ __. - - _ _ _ _.

.

i

1
|
'

4
P'

1 1
- o

I

!

+

.

.-

1

!
!

|

|

.!

-- ~,

N 1
,

I |
'

N'
;

'

ps. sj
3- i,j

,, . . ,

N. ,i .. .
,

.

k.
,

"

1 |
;

-

.| { %. l
'"

1 .
-

|
t ,,

|
,.

_

-

'

i

o

I-

.' .ig. A-17.
Typical cannection of top of Glove Boxes 50, 51, 51 A through steel,.

"
. angles welded to boxes and connected to reinforced concrete slac

.

by excansion bolts. I
-

i

,

,

-8 7-

|
'

i
i

, . - - _ , - - _ _ , _ _ _ _ _ _ . . _ , _ _ _ _ _ _ _ . _ , . - _ , _ _ . , _ _ , , , , . , . . . _ , _ _ _ _ _ - - , - _ _ _ . - _ _ _ . ~ . _ . . . , , _ . . , , _ . _ _ , . - --. - - - + - - - - - .



_ _ . _ __ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ . _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _
_

d

1

|
4
:=<

f

4
; 5

i

f
'

% !
.-

| *

|

l
.

'

|

L-|j i
.

- {-**;
,.

~~ ,f . .:e
._ .. . .

-?.. k
'~

.
. .=

,

_ uh
W,* ~

' , ,. -

,

'

' L-
| - B- 4 A.

:

|
.

'

Fig. A-18.
i Typical cable support from overnead slab. The cable supoorts used

1/4-in.-diam. pre-forred 1 by 19 galvani:ed aircraft cable, heavy- i

| duty thimbles, Croscy moe clips, 3/8-in, turnbuckles and suitably
si:ed eyebolts welded or bolted to the equipment as appropriate *w
the apolication. Provided at Glove Sox 23 in addition to connections

'
to walls and floor,

i

.
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f00 of stand. (Glove Boxes 37, 39, 41, and 44)

1

-90-

--.- . . - . . . - - - - . . . - . - - . ._



-.

The equipment in the AFL is connected to 12-in reinforced concrete slabs
overhead, 12-in. reinforced concrete walls, or to 8-in. concrete bicck walls
and floor.

APPENDIX B

STRENGTH Ato DEFORMATION CHMACTERISTICS OF BUILDING 102

STRUCillRAL ELEMENTS

I. INTRODUCTION

The strength and deformation characteristics of the structural elements of
Building 102 are presented and discussed. The analytical techniques discussed
in Task I Appendices B, C, and D are used in the shear wall response studies.

II. PERFORMANCE CHARACTERISTICS OF SHEAR WALLS

The details of the 8-in. concrete block shear wall construction are given
in Task I (Table 3-1 and Figs. 3-10 through 3-13).12 In all cases, the
strength contribution of the block shear walls without a bcunding steel frame
is limited 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 block-to-dowel band is through mortar that was
pressed into place. The top blocks were split and were 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 than 2 ksi. If the ultimate
shear strength of the dowel connection is taken as 3.0 kips, a bearing area of
1.5 in.2 is c eeded; therefore, bearing development along the top three in,
of the dowL is required. The limit for small deflection response (elastic)
was taken as 1.5 kips.
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The dowel connection will be loose after the first high-level loading cy-
cle; therefore, successive cycles involve very little energy absorption, and
the connection capacity degrades rapidly to zero after ultimate strength is
reached.

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

Computations made in accordance with ATC-3 (see Task I report) show that an
8-in. block wall that is 19 ft 7 in. long has a shear capacity of 16.5 kips.
Block couplet tests (Task I, Appendix D, Table I) show a mean pure shear
strengt'1 of 57 psi (1.5 times the average stress).12 Using this strength
value and an effective wall thickness of 3.5 in., the shear capacity of a wall
in a 20-f t Day is 31 kips. The shear capacity of the connection to the floor
slab is in excess of 31 kips; therefore, for a nominal 20-ft wall, the maximum
shear force that can be transmitted to the roof system is determined by the
dowel connection. The mean shear capacities are 7.5 kips elastic and 15 kips
ultimate.

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 I report were extrapolated to the Building 102 shear walls with a struc-
tural steel bounding frame. The test block walls have the same height-to-
length ratio as those in Building 102; however, they differ in length and
height, doweling to the structural steel, and size Jf the steel frame. The
steel 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 cone ete block panels. If

the steel bounding frame were sufficiently strong to e-ack and fail the block
panel, the test results show that the shear capaciti.12 and associated deflec-
tions for a typical bent of Building 102 are as follows.

Condition Load Deflection X

First crack 117 kips 0.49 in. 239 k/in.
Ultimate 176 kips 1.3 in.
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The properties of the 8-in. concrete block shear walls with a bounding
structural steel frama are shown in Fig. 3-1. The elastic capacity of the
beam-to-wall connection is estimated at 7.5 kips (mean). At this load level,
the columns contribute little to the composite strength because of their high
flexibility. At ultimate, the total dowel 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 colums showr moves away fran the wall; hence,
the wall shear strength that can be developed by this end column depends upon
the colunn connection capacity.

Neglecting minor axial effects and using the mean yield strength of 40 ksi,
the mean plastic arment capacity of the steel column is 34 kip-ft. The mean
shear load that the column can transmit to the wall is 45 kips (Fig. B-1). The

column tSat moves Day from the well can transmit to the wall a mean shear
force of about 2.2 kips. The ultimate mean shear force that can be applied to
the too of this wall is 62.2 kips. The block panel should not ce cracked at
this load level.

The steel frame has little influence on the elastic stiffness of the wall.
Considering shear deformations only and an effective G of 270 ksi, 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
load 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 colum 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 column.

For the wails that are connected to the roof diaphragm and for loads ap-
plied peipendicular to the block wall face, the capacity is determined by
yielding of the vertical wall reinforcing. Assuming that these walls act as
simple beams supported at their tcps and bottoms, the walls reach ultimate
strength at a load of 51 psf. The ultimate strength is associated with yield-
ing of the v:rtical reinforcing steel and has an elastic-plastic behavice until
the deflections become large.

2The wall has a weight of 61 lbs/ft so that ultimate is associated with
a constant acceleration of about 0.84 g's. Assuming elastic behavior and
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uncracked masonry, the frequency of the first made is 2.7 cas (period witn
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 s. A'

ductility of at least two can be justified, and the spectral acceleration at a
period of I 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 loading. An earthquake
acceleration perpendicular to the wall f ace will produce cracking of the walls
at a load of about 0.6--1.0 g's; however, the wall will not collapse.

Block walls with a complete bounding structural steel frame are strengthen-
ed by the steel members. The moment of inertia of the steel columns is small,
and its influence on the uncracked fundamental period can be neglected. The
walls have horizcntal ladder-type reinforcing steel and dowels betwen the
steel colurms and the walls; therefore, forces can be transmitted frcm the wall
panel to the steel columns. The ultimate capac.ity corresponding to a constant
acceleration of 1.75 g's is 107 psf normal to the wall f ace. The coefficient
of variation remains 0.2 because the properties of the load paths are depen-
dent. The period 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
itkely remain elastic in response up to 1.0 g's or more.

The basic procedures used in evaluating the exterior precast concrete are
discussed in Appendix C, Task I. The light-angle inserts in the top of the
panel limit the shear load that can be transmitted to the top of the panel to
5 kips elastic and 10 Hos ultimate (mean) for a 20 ft panel.

The light-angle inserts are *selded to the structural steel framing and are
ccnnected to the wall panel by a 1/2-in. round dowel that is 9 in. long with a
? in. hock. The connection capt. city is determined by either the capacity of
the weld between the clip and the dowel or by the doul. The ultimate bearing
capacity on the concrete was taken as 5 kips /in.2 A connection load of 2.0
kips fully develops the dowel in plastic bending. Equilibrium dictates that a
simultanecus tension of about 2.0 kips exists at the same point. The dowel-to-
angle connection is therefore subjected to bending, shear, and tension. The
concrete will not yield to allcw the dowel to become a tension member; hence,
a shear connection capacity of 2.0 kips ultimate and 1.0 kip elastic was used.

.
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The c0nnections have & brittle rescense (little ductility). The rigidity,
assuming that the shear wall acts as a cantilever beam, is estimatec at 7800

kips /in. Censicering the influence of the bottom clip inserts and the neign:
cf the panel, the overturning shear cacacity is 18.t kips. The shear capacity
of the too clips limits the shear load that can be aco11ed to a panel to 10
kips.

Because of the flexible nature of the doweling connecting the panels to the
steel colum and the :: cur jofrt details, the structural steel columns are only
effective in resisting everturning after the response becomes inelastic. In
the icw-bay area, a limited amount of horizontal shear load in the direction
of the walls can be applied to the wall panels thr ugh the short column stucs.
The mean capacity is estimated to be about 4 kips per column.

For motion perpendicular to the wall face, the solid precast concrete pan-

els in the low reef area have mean fundarental ceriods of vibratien of about
0.35 s if uncracked and 1.4 s if cracked. The steel colu:ms strengthen, but
ce nct effectively stiffen the walls. Neglecting the small effects of the
steel columns, the walls crack at an equivalent 5,tatic side-on PGA of 0.34 g's
and f ail at 1.05 g's. The ultimate strength with a single steel column tribu-
tary to the wall is 1.34 g's equivalent static loading. The ;anel-t:-r:cf con-
nection has a static capacity of 0.t6 g's elastic and 1.25 g's ultimate, and
this cennection has little ductility. At 5% damping and a peried of 0.35 s,
the connecticn will fail at a load of about 0.g g's using a ductility of two.
The dowels at the canel ends and the column studs are much mere flexible than
the inserts at the tco of the wal1, so that failure. of the inserts will be
folicwed by develcpment of the wall-end connections. The latter connections
are also brittle in nature because they decend en small sections Of concrete
cast in place between the ends of the wall panels, and the capacity of the
c:nnection is abcut the same as the connection to the roof.

III. SASEMINT WLLS

The exterior basement walls are constructed of reinforced concrete. Except
for the lengths of the RML cells, these walls forn the entire perimeter Of the
basement area. They are 12 cr 24 in. thick and span 11 ft vertically. The
distances between lateral su ports varies frzt abcut 10--80 ft. The basement
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walls act as soil retaining walls, shear walls, and vertical supports for the
roof slab. There are three different wall secticns, two of wnich differ only
in the amour.t of reinforcing steel. These sections are shown in Fig. 3-2 along
with their strength capacities. The locatien of these wallt with respect to

: the basement area is indicated in Fig. B-3. The strengths given in Fig. B-2
are for one-way slabs and for a unit vall width (1 ft).

There is a construction joint at the interf ace of the walls and the roof

slam (Fig. 3-4). Separatien of the wall fran the roof slan would occur along
this construction joint. The walls are not structurally joined to the floor
sl ab.

The procedures for estimating the passive soil pressures acting on the
basement walls is given in Ref. 22 . Faulting disturbs the soil Iccally;
hence, it is likely that the soil pressures computed by the methods in Ref. 22
are larger than the actual pressures in a fault. The soil pressures were cc.a-
puted assuming that the basement walls could not rotate, only translate.

IV. COLUMNS
*

Reinforced concrete columns are located within the basement area (Fig.
A-15) to support the roof slab. They are rectangular tied columns and two dif-
ferent si:es were used. Their outside dimensions are 20 by 24 and 13 by 20 in.
(Fig. 3-5). 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 ficor
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 because of
their height.

From Fig. B-5, w see that the column capacity is governed by the punching
shear capacity of the column-to-roof slab connection. The axial service loads
are less than half of their axial ultimate capacity; hence, they possest, a
large reserve strength.

The columns have ties spaced at IS in. This width is too large to ensure.

ductile behavior. Several of the columns are braced by concrete masonry walls
(Fig. 3-3). For the columns to be subjected to moments and shear, the roof

.
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Wall Section 1

_ 12" _, _ 12" ,
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;
- 1,

* 00.31.g
4c=== 12" * e

0.j7 0.20 0.20g

Vertical Hori: ental

Wall Section 2

12" i _ 12" _ i
;i ~

i

0731 $3
4%=== 12" * *

0.20 0.20 2.20i
te

Vertical Horizontal

Sectiin Mcments (- l b - f*") Minimum Axial (Vert.) Min Hor.f. Shear (lb/ft) (1bs/ft) Shear (ib/ft)
*

_.
_Mu MCP

_

Mu

1 (Vert.) 12 100 13 270 9 840 12 870 137 800 35 900

1 (Hor.) 8 920 8 920 9 840 12 870

2 (Vert.) 9 660 12 870 9 840 12 870 137 800 35 900

2 (Hor.) 8 920 8 920 9 840 12 870

Shear Strencth for shear v;all (minimum) 1

7 = 3.3vT6DF (12) (12) (.8) + (.4 M47 00O" W ' } = 35 900 lb/ft.]2

Fig. 3-2.
Basement wall sections.
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Section Axial Lead Rf My Punching Shear (kips) Service
(kips) (lb-ft) (1b-ft) Footing Roof Slab Load (kips)

1 1 400 482 000 425 000 775 535* 140

7. 915 167 000 148 000 700 291* 140
,

i

|
*Lew

1
'

|

|

| Fig. B-5.
Column capacities.
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slab must move relative to the flecr slan. Because of the many interior and
exterior walls, this relative movement would be insignificant. The principal
rose of the colurns will de to transnit vertical loads.

.

V. SASEMENT ROOF SLAB

The ecof slab over the basement area has thicknesses of 9 and 12 in. as in-
dicated in rig. 3-6, Sections C and F. The roof slab is sudoorted by the exte-
rior basement walls, the columns, the interior reinforced concrete walls, and
the interior concrete masenry walls. Drop panels of 3 cr 6 in. are located
abcve the coluens. The amount of steel reinforcing varies from strip to strip.
Flexural and shear capacities at locations indicated in Fig. 3-7 are given in
Table 3-I. The slab is supported in both directions at 20-ft intervals; hence,
its vertical Icad capacity evaluation must consider two-way slab acticn. The

2weakest slam section can succort a load of 370 psf . The service load is
about 260 psf. The roof slab is continuous except for the construction joints
indicated in Fig. 3-7. Steel reinfercing was provided to transmit the shear
fecm cne section to another. The shear capacity througn the construction
joints is about the same as the shear capacity of the adjacent slab.

The basement roof slab serves a number of functions. It provides a roof

f or the basement area, supports parts of the gecund fleer construction of
Building 102, and supports ground floor activities within Building 102. If a

f ault occurs, it will serve as a tension or comoression flange if the basement
structure acts as a beam. This slab is the structural element that connects
to all the other structural elements to form the load-resisting basement
structure.

.

VI. 3ASEMENT FLOOR SLAB

The basement floor slab is 3 in. thick and rests directly en soil. Because
it is not tied to the basement walls nor the column footings, it centributes
little to the lead-resisting basement structure. It functions as a ficce for
supporting activities within the basement area and as a foundation for the con-
crete masonry walls. If the basement structure were to act as a beam, the
ficer slab could serve as a congression flange.

|
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BASEMENT RCOF SLAB SECTION

N-5 g . ig

1.2 _ 12".,
_

7
_

12"
6F

-

1,38
-

7
a

h d Ue 0.31 e 0.31

),.e2 (on wall) ga 7.62 ga

4 e 0.62 9
e 0.60.JL 1 i

,

,

t

|

Section b |

12"u 3 1

| F 1 i
" "

* 0.31 e 0.31 a

9 7.62" D.38"
"e 0.31 e 0.60p

\ \

Section e

12" 12" ,,

l~ l ~ ~l 1
0 d " d

0.31|8
e 0.31 e 0.31 ,

U L
9" 1.38" g *.c) |

e,
- e

e 0.60 ; 12" e 0.31 J t:-
,

e 0.32 e 0.50 4
n .

Section d
12" ,

l 1__

" "e 0.31 e 0.31
!

1.38".

12" 10.62";

!
le .04 9e 0.32

,
-

.

Fig. B-6.
Basement roof slab sections.
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TABLE 3-I

BASEMENT ROOF SLAB MOMENT AND SHEAR CAPACITIES

FOR LOCATIONS SHOWN IN FIG. B-7

N-S E-W Hin.
Pos M Neg M Pos M Neg M Shear

Section (lb-ft/ft) (lb-ft/ft) (lb-ft/ft) (Ib-ft/ft) (Ib/ft)

a 16 900 9 740 10 000
-- --

b 9 620 9 620 16 900 9 740 10 000
c1 16 900 9 740 9 620 9 620 10 000
c2 32 100 13 430 24 000 13 330 13 960 '

d 32 100 13 430 40 100 13 460 13 960el 16 980 17 470 9 720 14 680 10 000
2 24 000 38 390 13 360 20 670 13 960ft 32 070 57 820 24 000 60 680 13 960

f2 32 070 24 770 24 000 29 500 13 960
g 24 000 13 390 45 800 13 480 13 960

-

h 24 060 59 360 13 96G
-- --

f

VII. INTERIOR CONCRETE MASONRY WALLS

Cavity-filled concrete masonry walls 3 in. thick were contructed to serve
as a secondary confinement barrier for radioactive products. These walls are
doweled to both the roof and floo~r 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 constructed to separate the basement area containing the
glove boxes from the rest of the basement area; hence, they were not desicned
to carry loads. These walls will serve as shear walls if the roof slab dis-
places relative to the floor slab and as roof slab suoports if the columns
shorten. Because the axial loads acting in these walls are unknown, their -

actual moment capacities cannot be estimated.

.
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