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ILAWRENCE LWERMORE ILABCRATORY

M79-004

13 February 1979

Dr. Robert P. Kennedy

Vice President and Manager

Engieering Decision Analysis Company, Inc.
2401, Michelscn Drive

Irvine, California 92715

Re ference: EDAC Report 175-050.02, "Structural Condition Documentation
and Structural Capacity Evaluation of Exxon Nuclear Company
Mixed Oxide Fule Fabrication Plant at Richland, Washingten
for Earzhquake and Flood -- Task II -- Structural Capacity
Evaluztion, Vol. I Seismic Evalua.ion’

Dear Dr. Kennedy:

We have reviewed the referenced report and found it to be a clear
and well organized document. Our major cocncerns are in two areas:

1. The use of a unity ¢ factor for the ultimate strength
deterninztizns of concrete members. In addition to allowing
for the srzcability of understrength in members due to
variaticss in material strengths and workmanship, the
factor alsz incorporates inaccuracies in design eguaticns

gree of Suctility and required reliability of the membe
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cf th2 mesher in the structure. These additional factors neec
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to be aidr2ssad before the elimination of the coce speciried
i i W
& factors can be justified.

hear capacities used for the A-307 bolts anchering
is 20 the center wall and the high shear capacitie
used for the four 3/4" ¢ stud anchors at the south-east com
which attach the roof truss to the parapet beam. These shear
capacities are an order of magnitude greater than the allowable
values as given in the 1976 Uniform Building Cod If these
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values are both based upon manufacturer's test data, what
assurance is there that the actual in-placCe conaitions oI taese <
anchors in the Exxen facility approximate the manufacturer's

test conditions?
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" .
We believe additional justification is needed in these two areas
of concern before we can release this report for issuance.

If you have any questions or need clarification, please feel free
to contact us.

Sincerely

Vi

7 s _{‘ bﬁ :
C ,( éﬂd"—( / ¢A/ ’
C. K. Chou D. W. Coats
Engineer Engineer
Seismic Safety Margins Research Structural Mechanics Growp

Program Group Muclear Test Engineering Division

Nuclear Test Engineering Division

DWC/CKC:cm

cc: J. Aver (NSS?
D. Wesley (EDAC)
D. Bermreuter, L-90
R. Murray, L-0
F. Tokarz, L-S0Q
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SYNOPSIS - TASK II

Tt s report presents tne results of the Task [I -- Structural
Capacity Evaluation of the Exxon Mixed Oxice Fuel Plant (MOFP), located
at Richlar.u, Washingtan. The purpose of the Task II effort was to evalu-
ate the structural capacity of those building structures and critical
equipment compenents which could potentialiy release hazardous chemicals
into the environment from the MOFP facility as a result of damage ~:
failure during an earthquake or flocod. This report summarizes the struc-
tural capacities of critical building and equipment systems as subjected
to earthquake-induced ground shaking. A second voclume will report capaci
ties to resist flood-induced loadings, when such loadings are determine.
for the MOFP site by other NRC consultants.

The Task Il effcrt focused primarily on the building structure
as representing the final confinement barrier for release of hazardous
cuemicals. The designated process eguipment such as glove boxes and ex-
haust ducting were also evaluated for structu .l capacity. The loss of

primary confinement due to (1) direct glove Sox failure, ar from (2) in-

direct glove box damage caused by interaction with adjacent egquisment and
connectigns, is identified as the ultimate mcde of release resuiting from

extreme earthquake hazara. The struc*iral capacity of the building struc-
ture and associated equioment systams .s related to the ultimats mede of
release are addressed in this report. Operational and functicmal aspects
of the facility are not addressed in this report.

The Mixed Oxide Fuel Plant is a windowless, one-story nigh bay
(with attached two-story office area) combination precast/cast-in-place
concrete building constructed in 1971. The building is approximately
square in plan with a length-to-width ratic of 1.14:1. A1l fuel manufac-

turing and processing is conducted within the high-bay area (one-story),



separated from the two-story office and locker areas of the building of
a 10-inch, reinforced concrete wall. The second-story floor area is a
concrete/metal deck composite slab supported by beam and column framing.
A one-story, hich bay reinforced concrete vault with minimum 18-inch
walls is located in the north-east corner of the building. The b iding
roof is insulated metal decking supported on steel open web joists.

The seismic lateral force resistance of the MOFP building struc-
ture is provided by a shear wall box system tied together by a st2el roof
diaphragm and a redundant horizontal roof “russ. The diaphragm consists
of steel deck welded to the main roof beams and connected to shear walls
by welds tu the peripneral steel chord member:; wnich are anchored to the
walls at the roof line. The horizontal roof truss is a unique structural
featuer of the MOFP building. This structure is external (above) from the
deck diaphragm and does not support any roof dead load. The function of
this truss is to act as a redundant roof diaphragm which ties the high bay
area walls together and allows an alternate path for shear transfer between
wall elements. The building structure may be considered to resist seismic
forces as two independent systems; one for each mejor building direction,
north-south and east-west. Because of the diaphragm ard truss flexibility
and general configuration of the MCFP building with regard to mass and
structural rigidity, torsional coupling of the two systems will be negli-
ible. For both systems, the roof and the tributary wall inertia is trans-

“H

erred to the active panel shear wails Dy the atachragm and roof truss.
The exterior walls ars precast, tilt-up reinforcaed concrete panels which
are joined by cast-in-place columns between eiach panel. A cast-in-place
roof edge team joins the columns and paneis around the 2ntire gerignery of
the bui. ing. Panel reinforcing steel is extended and hooked within the
column and beam reinforcing cages. Each panel is placed upon the fgooting
walls with a mortar bed. MNo positive connection exists between the footing

W

wh

wall and each panel. Shear transfer is effected through pane! friction an

(&Y

dowels with shear keys at each column fioting. The in-plane wall seismic

sheir forces are transferred to grade through the combination wall anc

€27611
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spread concrete footings. Floor slabs are supported at grade without
ties to the wall footings.

The evaluaticn of the structure, in terms of ground acceleraticn
capacity, utilized equivalent finite element dynamic models to assess the
compenunt stress levels associated with a given level of ground motion.

Tre controlling collapse capacities (1.37-1.80g) were all associated with
loss of diaphragm and truss support for the panel walls. The values of
grour.d acceleration capacity were based upon the uncoupled response of the
structure in each principal direction as determined from the independent
dyramic models. The acutal behavior of the structure -for ground motions in
excess of 1.3g will involve joint slippage at the panel,/foundation wall in-
terface. Beyond this level of ground motion, the twu lateral force systems
w''l become coupled due to torsional effects. However, further refinement
f the MOFP collapse capacity to establish a precise value within the range
1.3-1.8g appears to be unwarranted when the associated return periods
(> 105 years) are taken into account. Thus, for purposes of the natural
hazard study, the median collapse capacity of the MOF? buiiding may be
estimated by assuming the median seismic capacity of the north-soutn force
rasisting system (1.37g) is the controlling seismic caparity. B8ased upon
tne statistical uncertainty bound analysis, the estimatec standard deviaticn
uppger and lower bound seismic capacities are 1.09g and 1.72g respectively.

-3

The interior partitions anc secondary architectural systems in

o

the critical areas do not sustain major damage prior to diaphragm failur
0

T haiar

and, therefore, are not themseslves c¢critical in terms of release

L |

ous material.

The equipment items exnibit a higher structural capacity than the
structural system and are generally only affected by total facility collapse
or bv the large ra2lative displacements betwean tne flgoor and the roof whizh
occur just prior to collapse.



1.  INTRODUCTICN

This document presents the results of the structural evalua-
t on of the Exxon Mixed Oxide Fuel Plant (MOFP), located at Richland,
Washington. The report is submitted in accordanc: with Contract No.
5423703, dated 2 May 1977, between Lawrence Livermore .aboratory (LLL) of

the University of California and Engineering Decision Analysis Company, Inc.

(EDAC). The Task II Structural Evaluation and prior Task I Condition Docu-
mentation by EDAC (as defined in e referenced cc “ract) are part of an
overall natural hazards evaluation (Reference 1) performed by a group of
consultants expert in the varicus hazard fields. The study is sponsored
and directed by the Fuel Reprocessing and Recycle Branch of the United
States Nuclear Regulatory Commission (USNRC). The natural hazards study
includes evaluation of several facilities at different locations within the
United States. EDAC is responsible for the structural evaluation of these
facilities for both earthquake and flood induced loadings. |

Exxon Nuclear Company (ENC) owns and operates the MOFP. The
MOFP is located adjacent to the Department of Energy “anford reservation

on a 150-acre site which lies within tne nortnern city limits of Ricnland,
sashington. The site is approximately 1.75 miles west of the Columpia
River. In addition to the MOFP, the site contains a uranium oxide fuel
plant which is located apgproximately 110 feet from the MCFP. The MOFP
suilding was cunstructed in 1371.

The evaiuation of possible flooding at the MCFP site (Refarence
2) has indicated that the site is subject to Ftoccing. A structural flood
evaluation will be in luded as Yolume [l ¢f this report. Therefore, the®
analyses discussed in this report consider only seismic loading conditions
and focus on tnose portions of the structure and designated critical equip-
ment items which can result in the loss of a confinement barrier for hazard-
ous chemicals.

b 7U13



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

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

Section 2 racility and Site Jescription
Sectiecn 3 Evaluation of Structyral Behavicr
Section & Evaluation of Critical Egquipment
Section 5 Structural Camage Scenaric

Section 2 preserts a brief discussion of the Exxon facilit
layout, its critical areas and general structural descripticn, together
with a brief discussion of the general seismicity of the region. Section
3 presents the seismic capacity evaluation of the building structure in-
cluding a description of the structural systems, a discussion of the
analysis procedures used in the saismic evaluation, and a description of =
each of the structural behavior models tagether with the analysis resul®s
pertaining to the collapse or confinement breach of the building structure.

Similarly, Secticn & presents the evaluation of the critical equipment



items, again describinn the analysis procedures and the results. Section
5 summarizes the capacity evaluation of the MOFP facility by means of the
presentation of a seismic damage scenario which describes the potential
damage to the facility at various levels of seismically induced ground
motion acceleration.
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2. FACILITY AND SITE DESCRIPTION

This section 6f the report presents a brief discussion of the
structural information pertinent to the Task II seismic capacity evalua-
tion of the Exxon MOFP facility. A ge ieral structural description of the
MOFP building is given together with an identification of the critical
areas and a discussion of the sit2 seismicity. The interested reader is
directed to the Task | Report (Reference 3) where information concerning
the structural condition of the facility is given in more detail.

2.1 GENERAL FACILITY LAYOUT

The MOFF is a windowless, two-story combination precast/cast-
in-place concrete building of plan dimensions 100 ft. x 114 ft. and is 28 ft.
in height. The general layout of the facility is shown in Figure 2-1.
All fuel manufacturing and processing is conducted withir a 76 #t. x 100
ft. high-bay area (one-story), separated from the remaining portion of the
building by a 10-inch, reinforced concrete wall. A one-story, high bay

reinforced concrete vault with minimum 13-inch walls is located in the
north-east corner of the building. The buildirg rocf is insulated metal
decking supported on steel cpen web joists. Typical building sections are

shown in Figures 2-2(a) and (b).

The primary vertical locad resisting system of the MCFP building
is & steel roof deck, with built-up roofing, suppcrted b5y long-span cpen
wedb joists spanning the high bay and office areas with supsort points on
the south, center, and north walls. The support of the joists along the
south and north walls is accomplished with steel collector beams which
transfer tne vertical load into support details (3s shown in Appendic E)e
provided in the cast-in-piace columns spaced at approximately 10 feet.

The columns in turn bear upon combinaticn and spread concrete footings

2 EDRG



resting upon the natural soil materials., The foundation footinags are
founded at least 2 feet below the site surface. Floor slabs are supported
at grade by the proo.-rolled natural soil su-face without ties to the wall
footings.

The vault roof is an eight-inch reinforced concrete slab with
additional strengthening provided by wide-flange steel beams which are
attached to the slab by bolts through the slab thickness. The slab and
roof peams transfer the dead weight directly to the vault walls.

In terms of lateral force resista _e, the MCFP building struc-
ture would be generally classified as a shear wall box system tied to-
gether by 2 relatively flexible steel roof diaphragm. The major struc-
tural elements of the MOFP are identified in the expande’ isometric view
shown in Figure 2-3. The exterior walls are precast, ti.t-up reinforced
concrete panels (t = 6", w = 108" h = 336") which are i~ined by cast-in-
place columns (13" x 14") between each panel. A cast-in-place roof edce
beam (12" x 14"), herein denoted as the parapet beam, jc ns the columns
and panels around the entires perighery 3f the building. Panel reinforcing
steel is extended and ncoked within the column and beam reinfercing cages.
Each panel is placed upun the footing walls with a mortar bed. No positive

11

connection e2xists between the footing wall and each panel. Shear transfer

n column

is effected tnrough panel friction and dowels and shear kays at ez

0

-4

footing. A transfer path for wall uplift forces is proviZed Sy tne calumn

dowels and exterior steel channel ancher straps attached to 2ach culumn.
A 10-inch cast-in-place reinforced wall (wit: integral! feot-

1nq) separates the high bay area from the two-story office and locker
area. The second-story floor area is a 4.5 inch (3.5 inch for equicment
room) concrete/metal deck composite slab supported by beam and column
framing. A one-story, high bay, cast-in-place reinforcec concrete vaul?
(180" x 210") occupies the northeast corner of the building. The extarior
vault walle are 18 inches in trhickness while the interior walls are 24
inches thick.

{,z;ax?jjy
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| The iaphragm consists of steel deck welded to the main roof

beams and connected to shear walls by welds to the peripheral steel chord

| members which are anchored to the walls at the -ocof line. A unique struc-

| tural feature of the MOFP building is the horizcntal roof truss. This

| structure is external (above) from the deck diaphragm and does not support
any roof dead load. The function of this truss is to act as a redundant
rocf diaphragm which ties the high bay area walls together and allows an
alternate path for shear transfer between wall elements. Shear transfer
is accomplished throuc» 3%tud anchors into the parapet beam.

2.2 CRITICAL AREAS
| For purposes of the overall natural hazards study, critical
areas are those locations in which hazardous chemicals are processed or
stored in a dispersible form which makes loss to the outside possible
should the confinement barriers be breached. Similarly, critical eauip-
ment is equipment which is used to process materjals wnich include hazard-
ous chemicals in dispersible form and whose structure :zsrves as a primary
confinement barrier. '

The primary focus of the Task [I effort is upcn the building
structure (final confinement barrier), architactural walls or partitions
(secondary confinement barrier), and glove box equipment (primary con-
finement barrier) associated with the critical area.. The 10ss of pri-
mary confinement due to (1) direct 3love box failure, or from (2) indirect
3love box damace caused by interaction with adjacent equipment and con-
nections, collapsing structural elements, or structure supported egquioment
components, is identified as the ultimate mode of release resulting from
extreme earthquake hazard. The structural capacity of the building struc-
ture and associated equipment systems,as related to the ultimate mode of
release, are addressed in this report. The centinuity of operation of the
facility and other functional aspects (safety related) affected ov earths
guake hazard are not discussed.
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The 1reas of the MOFP identified as critical (Reference 4)
for the handling of hazardous chemicals are the mixed oxide preparation
area and the storage vault. The locations of these critical areas are
shown in Figure 2-1. The vault area is of secondary study ccncern, with
the prime concern being focused upon the alove boxes which process the
hazardous chemicals in dispersible form. The confinement barriers for
the mixed oxide preparation area consist of the process glove boxes as
primary confinement barriers, the building walls and roof as final bar-
riers, and a nonstructural gypsum board/steel stud partition in combin-
ation with a structural wall act as a secondary barrier within the build-
ing ewvelope. Within the vault area, primary and secondary confinement
is provided by the storage canisters in which the hazardous chemicals ire
transported. The canisters are supported on racks of special design.
Final confinement for the storage vault is provided by the vault walls
and roof. .

2.3 SITE SEISMICITY

The MOFP site is situated in the Pasco Basin which lies in
ssuth-central Washington. The MOFP site is underlain by approximately
21 feet of mixed sand, gravel, and cobbles denoted as Pasco Grave!.
The Pasco Gravel is underlain by dense gravels and silts known is the

Ringold Formation. Basalt bedrock is estimated to begin at a dectn of
1530 faet.

A seismic risk analysis of the MOF? site was conducted Dy
other consultants in order to define the ground motions which the facil-
ity could be expected to encounter. The results of this risk analysis
are presented in Reference 5 and indicate that the site is in a re
wnich historically his a moderate lsvel of saismic activity. Based uper 3
probabilistic approach (Reference 5),peak seismic ground acceleration
levels within the range of 0.05-0.07g are associated with a return :e;:sé
of 100 years, 0.09-0.13¢ are associated with a return seriod of 1000 y2ars,

and J.15-0.203 are associated with a return period of 10,300 years. The
shaking - “fects of ground motion were considered by specifying the general
Y G
b-;,_,f"-lg



shape of statistically-based response spectra. The median spectra pre-
sented in WASH 1255 (Reference 18) for alluvium sites were judged (Refer-
ence 5) to be appropriate for the structural evaluation of the Exxon

~/

facility.
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3. EVALUATION OF STRUCTURAL BEHAVIOR

This section of the report presents a discussion of the analy-
sis of the MOFP building structure including an identification of the
lateral force resisting systems and the analysis pronedures used in the
evaluation. Again the interested reader is diracted to the Task I Report
(Reference s) where information concerning the key structural details is
given more extensively. A discussion of the modeling considerations and a
short description of the structural models utilized for analysis tcgether
with the analysis results are presented in this section. More detailed
descriptions of the mathematical mocels are contained 1. the appendices.
3.1 STRUCTURAL SYSTEMS

The seismic lateral force resistance cf t. . MOFP building struc-
ture is provided t a shear wall box system tied together by a steel roof
diaphragm and a redundant horizontal roof truss. The building is approti-
mately square in plan with a length-to-width ratio of 1.14:1. The major
deviation from structura! symmetry is the monolithic vault located in the

ngrth-east corner of the building. The structure may be considered to
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resist lateral seismic forces as twc independent systems; one ¥
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and center of mass, torsional coupling of the two systems will be n le,
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These two systems are shown in schematic isometric-view in Figures 3-1 and
3-2.

The major elements comprising the east-west lateral force resist-
ing system are the south wali, the center wall, the east-west vauls wa'll,=
and the north wail. The -cof icads and adjacent north-south wall loads are
distributed according to tr ‘butary area. The south and center walls are
coupled through the rcof tru- - and roof diaphragm. The center wall, vault
wall, and north wall are coupled both through the roof diaphragm and the
rigid second floor slab.  PHAPY Bty
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The major elements comprising the north-south lateral force
resisting system are the west wall, the north-south vault wall, and the
east wall. The roof loads and adjacent east-west wall loads are distribu-
ted according to tributary area. The east and west walls are coupled
through the roof truss, roof diaphragm, and second floor slab. The vault

wall is coupled to the east and west walls =» ough the roof diaphragm and
second floor slab.

Both tributary static roof load and vertical seismic forces are
transferred directly to the south wall columns and center monolithic wall
by long span roof joists (44 inches deep) which span the high bay area
without intermediate support.

s STRUCTURAL ANALYSIS PROCEDURES

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

o

2.1 Model ing Considerations

The synthesis of a mathematical mode! which represents the
physical behavior of a building structure subjected o earthguake ground
motion requires the idealization of the effective structura’ benavior of
an assemblage of structural components and the appropriate lumping of dis-
tributed building mass (weignt). As previously discussed, the MOFP build-
ing latsral force resisting system may Se idealized as & shear wall Hox
system tied together Dy the combined rcof diaphragm and truss. The pre-
cast exterior panel walls may be idealized as menclithic shear walls. The
discrete modeling of box-type structures with low height-to-width ratio
must consider the effacts of shear-lag (Reference &) on averall wall re-
sistance to in-plane lateral force. Application of the relationsnips out-
lined in Reference § allows the effective wall flanges to be defined for
each of the primary lateral force systems as shown in Figure 3-1 and 3-2.
Thus, each wall tends to behave 2s a short cantilever channel saction
with negligibie influence on the structure response in the srthogonal nori-
zZontal direction. OV R



for 1qw rise shear wall structures, foundation soil compliance
can influence the overall dynamic response. The more dominant effact,
nowever, is the relaxation of wall base fixity at .ue foundation level. A
reasonable procedure to adjust the stiffness of an otherwise fixed base
model is to consider the distribution of compliance of the individua' wall
fooctings represented by a series of eguivalent horizontal and vertical
sc.l springs. The stiffness of the individual soil springs may be estimated
using relationships such as presented in Reference 15 for rectangular foot-
incs resting on the soil s ~“ace. For the MOFP building, the eguivalent
soil springs under the foundation wall footings were based upecn ths esti-
mated elastic properties of the supporting soil developed in the Task I
report. The effects of footing embedment (References 16 and 17) were in-
ciuded in the compliance estimate. It should be noted that the soil springs
were included in the models to assess the effect on wall stress distribution,
not to model, soil-structure interaction feedback effects.

To investigate the behavior of the walls for flexible base con-
ditions, independent finite element static analyses of the exterior walls were
conducted using the EDAC/MSAP computer pregram which is a version of the
general structural analysis computer program SAP IV (Reference 14}, The medel
utilized for the analysis of the south wall is shown in Figure 3-3 along with
the dispiacements resultiag from a uniformly distributed shear force ansplisd
at the rocf line. A more complete discussion of these subsidiary anaiyses is
presented in Appencix 0. As can be noted from Figure 3-3, the distribution of
vertical displacment of the wall is not linear; the wall behavior is similar
Lo a deep beam on an elastic founcaticn subjected to uniformly distributad
mcment, This effect is important in evaluating tne behavior of the dowel/

column straps in transferring the wall cverturning (bending) forces to the

T .

foundation beam. Preliminary analysis of the wall shewn in “i-ire 3-3 with
typical MCFP wall cpenings indicated that the wall behavior  from a horizontal
load/deflection standpoint) could be represented by a'shea'-;’exure cantifevar
with flexitle base springs. The effect of wall openings was accounted for by

considering the net wall shear area.
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The MOFP building was originally decigned to resist lateral
forces by two independent uncoupled structural systems: (1) East-West
(E-W) and (2) North-South (N-S). The metal deck roof, in accordance with
Reference 3, was classified as a semi-flexible shear diaphragm. Used in
conjunction with concrete shear wall-, the semi-flexible diaphragm was
assumed (for design purposes) to be incapable of transmitting torsional
moments in the plane of the roof (other than the 5% "accidencal" torsion

_requirement). Thus, the in-plane lateral roof loads were simply trans-

ferred to the tributary supperting walls. The addition of the roof truss

“allowed the two systems to be coupled, however, the equivalent shear

stiffness of the truss is of the same order as the roof diaphra-m. EDAC
evaluation of the MOFP structure indicates that the center 0o wall rigidity
and the center of mass for each stor are approxirately coincident (within
4 ft. for a structure dimension of 1. ft.). Because of the diaphragm

and truss flexibility and general configuration of the MCFP buiiding with
regard to mass and structural rigidity, overall torsiona “fects will be
minimized and building response to ground métions can be evaiuated indepen-
dently for each major orthogonal horizontal direction of the brilding,
north-south and sast-wes®.

The roof diaphragm may be idealized as a2 two-flance deep Leam
spanning between the cantilever shear wails. The beam wed i. the metal
ronf decking with a perime%er steel chords and an effective porticon of
transverse wall acting as the beam flange. The pra2cise determination of
diaghragm flexibility cannot be accomplisned, sinca metal diaphragms are
nct designed using principles of structural mechanics, but rather are
qualified by static testing to failure (Reference 7). Cesign values of
allowable in-plane shearing forces are gbtained by dividing the ultimate
test 1oad at failure by an appropriate factor of safety (usually within
the range of 3 to 4). The stiffness (inverse of flexibility) of each
di-shracm has been estimated using empirical relationships (Referencas 8
and 8) developed from gqualification testing conducted on a wide range of
metal diaphragm types. The stiffness of the Exxen steel roof deck was

determined using the formulas given in Referecce 3.
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The use of the external roof truss as an additional (and
redundant) horizontal roof diaphragm is a deviation from normal structucal
practice. The addition of the truss was a retrofit measure resulting
from an independent seismic analysis conducted after the building design
had been finalized. The results of a preliminary EDAC evaluati~n of the
equivalent diaphragm shear behavior of the truss inaicated that the overall
shear stiffn.ss of the truss was approximately equivalent to the roof
diaphragm. Trus, the addition of the rcof trusc to the MOFP building was
roughly equivalent to doubling the roof diaphragm stiffness. The major
difference betweer the roof diaphracm and the truss is the nonuniform
distribution of truss stiffness when utilized as an equivalent roof aiaph-agm.

The diaphragm and roof truss are sufficiently flexible so that
horizontal response amplification occurs for the roof system and its con-
tributing inertia. Therefcre, models for both lateral force systems were
developed which considered the shear resisting walls and the cornecting
flexible diaphragm and roof truss. The stiffness of each bay of the roof
truss was detarmi~ed based cn the models shown in Figure 3-3. An equivalent
shear spring was then used to represent each bay of the roof truss in the
cverall models. The results from the detailed wall models shown in Figure
3-3 were also used in the development of models for the camplete structurs.
The overall wall stiffness for norizontal loading may be 3ooruximated by
the simple wall stiffness model shown in Figure 3-4. The mcdels were twe-
dimensional representations of the twe-story structure as shown in Figures
3-6 and 3-8. More detai. 4 descriptions of the development of these models
appear in Appendix C. The two-dimensional modeling was possible sinca the
major wall elements may be idealized as equivalent shear sorings (as shown
in Figure 3-4) due to the small contribution of flexure %o the wall in-2lane
flexibility. Thus the structure may be "collapsed” in the vertical direction
into a2 plane and the nodes interconnected with sprinas wnich represent %he
overall wall stiffnesses. The roof and flcor slab diaphragm stiff fress were
reprasanted by simple shear element: or “"shear sorings". Subsidiary analy-
ses of the roof truss allowed for each bav of the rootf %russ to Le repra-
sentecd by an egquiva ant shear sprin The transvarse walls were 1130 incor-
porated in the models to provide a means of force transfer Hetween the roof

truss and diaphragm, QD,HW "‘J
[
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In two Lases. elements were considered to act independently of
the overall building response. First, the vertical response of the long
span joists subjected to vertical ground motion accelerations at their
supports was analyzed assuming a simple beam dynamic model. Second,
transverse (out-of-the-plane) bending response of the wall panels was
considered based on the model of a plate (wide beam) simply supported on
two edges. .

The distribution of mass was accounted for in the “OFP building
models by simple discrete lumping. The equivalent lumped nasses were
assigned to the model noce points formed by the structural element ideal-
izations in proportion to the tributary area of building components sup-
perted (in terms of lateral force support) by the structural elements.

The secend order effect of rotary inertia of the wall c.ements was not in-
cluded in the models. Detailed mass and stiffness properties for these
models are described by means of compute. input data printout in Agpendix
s

3.2.2 Inelastic Behavior

In order to determinz the seismic ground accelerations which
characterize failure or collapse, behavior in the inelastic range must he
consicered. The nonlinear response of shear wall systems is generally
small compared with other structural systems due to fewer energy assorption
and ductility mechanisms. Scurces of nenlinear response prior <0 collagse
of such systems come from cracking of concrete and yielding of stee! and
from working or tearing of ccnnections. Where sign’ “icant cracking of
concrete and steel yielding is inveived prior to collapse, energy absorp-
tion is enhanced. For the MOFP building, local failure of connections
governs the failure of the combined casct-in-place precast wall-rocf system
with corresponding Tow ductility. Jignificant degradation is not sxpected

in the system under repetitions of earthquake motiaons. L
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The modal spectral method of dynamic analysis is appropriate
for determination of response of the MOFP building as represented by
Tumped mass models. A non-degrading system such as described, with low
energy absorption capacity and geometrically no particular weak point
(i.e., @ relatively uniform system), is well suited to analysis by the
approximate nonlinear spectral-method (References 20 - 26). In this method,
the elastic response spectra which define seismic input (and are used
to calculate elastic system response) are modified to account for
hysteretic energy absorption in the nonlinear systam. The nonlinear
analysis procedure is the same as for an elastic spectral analysis
except for the utilization of the reduced or nonlinear spectra. The
hysteretic energy absorption capacity is measured by the ductility
factor which is the ratic of the maximum response deflection of a sincle-
degree-of-freedom structure to its .ield point deflection. The pro-
cedure for altering a2lastic respons~ spectra to account for nonlinear
benavior was illustrated in the Ta:z- I report and further background
may be found in References 23-25. " he spectral acceleration reduction
factor, R, is a function of the sys -em ductility factor, u, within each
spectral region. The factor R is taken as unity for the ground acceler-
ations pertion of the respense spectrum, 1/ /E:TT for the amplified
acceleration spectral region and 1/. for the spectral velocity and
spectral dispiacament regiouns.

Many references are avaiiable to assist in judging appropriate
damging and ductility levels to represent response at the point of incini-
ent collapse in the nonlinear anal/sis. [n particular, References 24 and
26 report vaiues of ductility and damping for varicus systems which may
be used as guideline vaiues. On the basis of values fcund in these refer-
ences and engineering judgement, upper and lowe- Sound (cone standard
deviation) and median values for ductility and damping wera selected. The
selection of these factors involved 2 comparison o+ tne MOF2 shear wall
system with stardard systems for which the refarenced valyes 2re tabulated.

The selected damping and ductility factors are 3iven in Table 3-1.

()
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Tanle 3-2 provides damping ratios and ductility factors which
are appropriate for the independent analysis of the roof joists and waill
panels considered as separate structural elements. Although the nonlinear
vertical response of the roof joist system includes the effects of the 12
static load which results in a rachet effect, the ductility factor is still
greater than for the horizontal wall panel response. This occurs due to

the very high ductility of the steel joists compared to the concrete ducti?ity.N\‘n“

The wall panel transverse response ductility factors are a result of basic-
ally simple beam response compared to system ductility factors which are
controlled by key details which are relatively more brittie. Again the
selection is based on judgement using the referenced values as guidelines.

It should be noted that the ductility method of analysis is
an approximate method for assessing nonlinear response and capacity of
structural systems. The method was judged in Reference 24 as the most
practical state-of-the-art method for nonlinear analysis of buildings.
The justification of the method for multi-degree-of-freedom systems is,
however, on a heuristic basis. The values of “"system ductility” selected
must be interpreted as a means of allowing the overall hysteretic energy
dissipation of the structural system to be included in the rasponse
analysis. The values of "system damping" selected represent the ncn-
hysteretic mechanisms of energy dissipaticn in dynamic responss and are
associated with stress levels at or just below yield point values.

Tne definition of the seismic ground moticn input for the MOFP
site is provided (Refarence 5) by elastic response spectra. The horizanta!
and vertical spectra used in the analysis wers based upcn the median data
for an alluvium site resulting from the sarthquake ground motion study
presented in Refereace 18. The -~esulting analysis response spectra,
normalized to 1.0Cg peak horizonta.,  “und moticn, for ductility ratios sf
1.0 (elastic), 2.0, and 4.0 are shown in Figure 3-10. Also included in
Figure 3-10 is the vertical response spectrum, normalized o 0.8712 peak
ground motion, for a ductility factor of 6.3,

- el a
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3.2.3 Seismic Capacity Estimates
Given a capacity in terms of internal strass or deflection for

a selected key structural element or connection, a capacity force resultant
FC’ was directly obtainable using relations of engineering mechanics. For
most of the details and elements investigated for structural capacity, the

i seismic response to ground motion was obtained from the overall dynamic
analysis of the-bujlding. The forces within key elements (or connections)
due toc a ground accefg;ition of 1.0g were obtained from the modal spectral
analysis of the building models using the spectrum (median] given in Figure
3-10 for damping, 3, and ductility factor, .. The modal components of force
L within an element, Fm,]g, were combined using the square-root-sum-of-square
(SRR) procedure to obtain an estimate of the element median resultant force
due to dynamic response:

Fsrss, 1 "[:{-(Fm,xg)‘ (3-1a)

In some cases, the SRSS procedure was modified to account for tne effects
of closely spaced modes:

/Sf’; )2+ 2T (F.FL) (3-18)
m

"$RSS, g ‘\, m, g A

wnere the summation for the modifying terms is cver the k groups of closely

spacad modal ‘response ;i and The ground acceleraticn capacity, A_,

.
T°* -~

< 3
for the element or connection under consideraticn, is then given 2y:

A =F. JF (3.3
| P Fc/’sass,lg 13-2)

For components or connections affected by ¢round motion ortnc-

gonal to the principal direction of each lateral forc

n

system or affactad
Sy vertical ground motion, consideration of concurrent ground motion ~as'

1 necessary to allow for additional stress effects. For those alements

. affected by concurrent motion from various directicns, the procedure

Ty g
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suggested in Reference 19 was utilized. The median eicment force result-
ant corresponding to 100 percent of the motion in one direction >f response
was combined with 40 percent of the resultants due to response in the

other orthogonal directions by addition of the absolute values. This pro-
cedure of superimposing reduced element force resultants, caused by con-
current motion, reflects the fact that input excitations in the three
directions are not necessarily of the same magnitude, and that the res-
ponse maxima do not occur simultaneously. Thus, since peak vertical

motions are on the order of 1/2 to 2/3 of peak horizontal motions

(Reference 19), a maximum value of vertical motion of 25 percent of the

peak horizontal motior was considered tc act concurrently with each component
of horizontal ground mction for the evaluation of each lateral force systam.

The determination of the ultimate element or connection capacity
FC’ was generally based upon the ultimate strass distribution for the given
material in the mode of element response considered. For flexural structural
elements, the {ormation of collapse mechanisms due to ragions of localized
vielding was also consicered. The fonnétigﬁ of the hinging -~egions was
governed by the yield stre ;“h of the given material and the configura-
tion of the structural elenents. The determination of the structural
material properties for the structural elements of the MOFP building was
part of the Tack [ effort. The estimated upper bound, median, and lower
bound values of material strength are tabulated in Zeferance 3 (s2e 2l3n
Appendix E).

The detarmination of concrete el-ment capacity was, in general,
hbased upnn the yltimate strength design provisions of Refarsnces 31 and
J2. The failure criteria for ultimate fleaur2 and/or shear capacity
for a concrete element was the same as utilized in Refarence 31 with an
increase to a median value corresponding -0 the increase from the ncminal
design value to the nedian value of yltimate compressive strangth f'.- -
dowever, the capacity recuction factor, s, was assigned a value of :n*:/
for the MOFP _.valuaticn. The caracity reduction factor specified in the

Ca3
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ACI Code is provided to allow for approximations in the design calculations,
variations in the material strengths, workmanship and dimensions. Addttional
variables consideres include the seriousn:ss of consequence of failure of the
mempers and the degree of warning involved in the mode of failure (i.e., the
degree of ductility). In order to establish the median damagce and collanse
levels in the MCFP study, these effects are treated separately. The vari-
atioen of the element capacity as a function of material strength in a parti-
cular failure mode (ductile versus nonductile) is expressed as the factcr
"EC“ in the uncertainty analysis. The different bounds of Ec specifiad for
different ¢lements reflects this expected behavior. The effect of construc-
tion variables on actual! concrete capacity was considered by utilizing a
correctior factur centered on a median value of unity, with a lower an. upper
bound value of 30 and 111 percent, respectively. A subjective judcement
factor "J" was also used to express the variatiorn of element capacity as a
function ) the overall assessment orocedure, accuracy, element force capacity,
conservatism, etc. Thus, the approximations for which the 4 factor accounts
in the code are treated separately but quantitatively in this analysis.

The Red Head expansion stud anchors which attach the roof truss
Lo the paracet beam provide the load path for shear transfer between the
roof truss and the roof diaphragm. The grouo of four 3/4" & stud anchors
at the zouth-east corner was of some concarn due tothe fact that these an-
chors are subjected to concurrent seismic shear forces in the North-Scuth
and East-West directions. The ultimte static pull-out shear criteria, in-
cluding proximity and free-edge effects, for concrete inserts was hased
ugon relationshiocs and test data presentea in References 32-34. Far this
analysis, the shea~ capacity was determined as follows. Based on manufac-
turer's test data for an average ccnc-ete strength of 3985 nsi, a shear
capacity of 18017 pounds results. The dynaric (seismic) ultimate capacities
for concrete inserts were taken as 80 percent of the single cycla static
uitimate value. Tests have indicated that no significant degradation ift
strength occurs under cyclic loadings below 80 percent of the static ulti-
mate but that degradation and failura are rapid for lcadings above the 30

Ll U324
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percent level (References 36-38). The resulting median ultimate shear
capacity is comparable to the UBC value if consideration is made of the
fact that the code is based on 3000 psi concrete and includes a factor

of safety in excess >f four. The variation of construction quality and
workmanship was accounted for in the unceratinty analysis. The shear
capacity of inserts was estimated toc be 58 kips us’.g the ultimate strength
criteria. This capacity was found to be mucii 1igher than the other criti-
zal structural elements.

The ulti-ate interface transfer capacity at the pans1/foundation
wall joint was estimated after review of References 36-45. The concept of
shear friction doe: not appear to be applicable to the MOFP cuucrete-to-
concrete joints at *-2 foundation wall interface. The only reinforcing
steel crossing t-: joiit is a single dowel at each column construction
joint (spacéd at appro«ima.ely 10 feet). The precast panels rest on a mor-
tar bed without transverse steel crossing the joint. Thus, an estimate of
the sh.ar transfer capacity was assumed to be given by the ul*imate shear
strength of the steel reinforcement due to dowel behavior at the column
joint plus the dead weignt friction resistance of the precast paneis. The
friction coefficient was taken as . = 0.8 as suggested in Refererce 41 for
static loading. The dynamic (seismic) shear capacity across concrete fric-
tion joints was taken as 80 percent of the estimated s*atic capacity (i.a.,
C.8 u=0.64). It should be noted that joint slippace in excess aof 7.9
inches is necessary “or dowel action to be considered as 2 majer component
of interface shear iransfar [Reference 45)

The ultimate strength capacities of structural stee] alements and

connections were 2ctimated using the requirements :f Rafarence 48 and the
general recommendations and guidelines given in Refarence 47.

e ] "t‘u" i

.& :\r'.,.,c)



As discussed previously, the ultirate capacity of diaphraams is
determined by prototype testing to failu e. The factor of safety, FS,
utilized to obtain the recommended design shear, Ay (expressed in terms
of a shear flow or lbs/ft) for the Exxon facility rocof diaphragm was not
specified in Reference 11. As discussed in Section 3.2.1, this is usuallv
in the range of 3 to 4, and diaphragm shear capacity was taken, assuming
FS = 3.0, as

Scapacity = g x 3.0

Assessment of internal diaphragm connections. indicated that the panel seam
and adge welds had sufficient strength to allow the diaphragm to develop
the above estimated capacity. The capacity of the diaphragm perioharal
connectio welds and diaphragm chords (acting as beam flanges) were assessed
independently as structural <tsel connections (Reference 10).

The racking damage thresheld for the interior partitions (archi-
tectural elements) due to imposed relative displacement between the roof

and floor slab was estimated on the test data summarized “n Refé}ence 43.

3.2.4 Uncertair.cy Bound Jetermination

As previously stated, the saismic capacity evaluation hersin is
cart of an sverall ratural hazards risk analysis. In order %o provide
compatibility with this cverali analvsis, results are reguired in tarms of
estimated median capacities and estimated one standard deviation (one sigma)
uoper and Tower bound capacitias. Thus, the resylts presentad in this re-
port give estimated upper bound, median, and lower bound values for the
seismic capacity of the building structure and critical equioment. Median
capacity results were obtained for structures and equipment utilizing the
procedures described herein with median valuss of parameters asscciated
with the analysis. A probabilistic aporoach was utilized to obtain the”
one sigma upper and lower bound variation of each random variable or para-
meter whicn affects the results, The parameters which affect the capacity
estimates includes material properties, anaiysis procedures and seismic in-

N

put definition. The expected variation in the values of the imgortant
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parameters, such as yield strength, damping and ductility, which affect
the determination of collapse capacity were developed during the Task I
effort and presented in the Task [ report. The parameters were considerec
to be lognormally distributed for purposes of the aporoximate uncertainty
bound analyses performed under the Task II evaluations.

The probabilistic approach adopted was based upon the general
statistical properties of a lognormal distribution (Reference 30). For a
lognormal distribution, the mean value does not have a physical inter-
pretation, thus the median value is used as the characteristic parameter
(i.e., 50% of the values are above the median value and 50% are below the
median value). The structural capacity analysis procedure described above
was employed to determine a median value for seismic capacity using the
median values of the important contributing variables. The upper and
lower bound capacities were estimated to represent a on2 standard deviation
variation and are based upor ngineering judgement concerning the variation
of the contriouting variable values rather than on detailed statistical
studies. Thus, the lower and upper bound values represent the estimated
13s ang =4% percentile values, respectively, with 68% of all values falling
between the upper and lower bound values. The probabilistic procedure used

in this analysis is described in Appendix A, alony with a sample calculation.

3.3 STRUCTURAL MQODELS AMD RESULTS
As discussed in Section 3.1 of this report, the east-west and

north-south structural sys®s were 2nalyzed as independent lateral force
systems. The models and results of each analysis are discussed in %he

following sections. Since both lateral force systems are sir  ar with

respect to modeling and the resulting capacities, the discussion of the
two systems is combined. A description of the seccndary architectur. !

systems and an assessment of their potential effect upon %tie critical

areas is also included. For conveniant ref~rence, selacted data and

structural details wnich are most pertinent to the key structural systems

el

analyzed are abstracted from the Task [ Report (Reference 3) and included
in Appendix E.

L.. {- ia‘



Y T S — —— TR —— - - e e P — - P P R —

3.3.1 Capacity Evaluation of Lateral Force Systems

The dynamic model used to evaluate the response of the MOFP
building for north-south ground motion is shown in Figure 3-6. As dis-
cussed previously, the model is a planar representation of the lateral |
force system shuwn in Figure 3-7. The medel should be viewed as an assem-
blage of lumped masses conne. ted together by effective shear springs
which represent the walls, diaphragm, and roof truss as elements trans-
ferring the inertia forces in a shear mode. The finite element complii-
ance was formulated employing the EDAC/MSAP computer code wnich is 2
version of the general s.ructura! analysis computer program SAP [V
(Reference 14). The three-dimensional elastic beam element and boundary
spring elements were utilized to construct the model with the necessary
kinematic constraints to achieve the element stiffnesses desired. The

diaphragm and truss elements were constrained to provide only shear dis-
placements ‘between nodes. The walls are presented by one-dimensional
spring elements which have been assigned the necessary stiffness to simu-
late the in-plane shear behavior of the MOFP walls. The effective trans-
verse walls were included in the model, as indicated in Figure 3-6, t-
account for the force transfer between the roof truss and diapnragm wnhich
is accomplished by the parapet extension of the transverse walls. Note
that the effective transverse walls are modeled as pin-pin beam slements

which transfer only the forces required for the truss-diaphragm interaction.

A more detailed description along with the numerical values assigned to the

element stiffnesses and lumped masses for the north-south model are given

in Appendix T together with the resuits of the mcdal analysis.

The model utilized ‘or the avaluation of the building response

to east-west ground motion is shown in Figure 3-8. The model 4iffers from

the north-south model due to the additional intermediate wall and less com-

plex medeling for the roof truss. Again the model is a planar represenzation

of the lateral force system shown in Figure 3-2. The MSAP input data <or

the alement stiffnesses, mass distribution and necessary kinematic constrainss

-

utilized in the east-west model are given in Appendix C along wish %he model

analysis results.

|
|
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For both lateral force systems, the median ultimate capacities for
several major structural elements and associated connections were determined
as tabulated in Appendix B. The major structural elements avaluated fur the
MOFP are the diaphragm, roof truss and combined pre;ast/cast-in-p]acé walls,
including the shear transfer capacity of the foundation/wall interface. The
median diaohragm capacity was estimated as three times the allowable design
shear as previously discussed. The roof truss connections were evaluated
as standard steel connections with particular attention directed to the pin
connections of the truss diagonal bracing bars. The shear capacity of walis
was based on a nominal estimate of ultimate concrete shear stress given dy
relationship, ¥y Zq?z_. Foundation wall interface shear transfer capacity
was estimated as the sum of dead weight panel friction and column dowel shear
capacity.

Using the median element force response (SRSS or Medified
SRSS) obtained from a modal dynamic analysis of the finite element
idealization and the median element capacities, the median ground accel-
eration capacities, Ag.were computed as indicated by Equation 3-2. Table
3-3 presents the ground acceleration capacity determined for each of the
elements or connections with major damage potential considered for both
lateral force systems. Ground acceleration capacities are given to saveral
significant figures to indicate the rance of the uncertainty bounds. It
should not be implied that the level of accuracy of the calculations justi-
ifes this accuracy however. Some ground acceleraticn capacities for other

" system considerations [independent transverse wall panel assassment, narti-

tion damage, and vertical roof response) are also tabulatad for comparison.
Estimated lnwer and upper standard deviation hounds were determined as des-
cribed in Appendix A. The numerical values of the median clament farce
canacitias utilized are given in Appendix 3 for 2ach of the major alaments
considered.
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[t should be noted that several of the seismic capacities listad
in Table 3-3 are damage capacities which are not associated with structure
collapse. The ground acceleration capacity (1.29g) associated with shear
transfer at the panel/foundation wall interface provides an indication of
excessive joint slippage (i.e., greater than 0.01 inches). Beyond this
level of ground metion, the two lateral force systems will become counled
due to torsional effects. These effects will be further increased as t"e
truss connections fail (1.37g) and the truss parapet and channel supports
hinge. the values of ground acceleration capacity given in Table 3-3 are
based upcn the uncoupled :esponse determined from the independent dynamic
models for each principal direction. These values should be viewed as
general indicator: of structural performance and as bounding values fer
the particular mode of damage considered. As noted in Appendix C, the
Tateral force system models were set up in the equivalent planar form to
allow a nonlinear, coupled torsion analysis fo the MOFP building to be
conducted. However, such an analysis is viewed as unnecessary when the
corresponding return period of the lowest ground acceleration capacity is
taken into account. Reference 5 indicates that peak ground accelerations
of greater than 0.3g are associated with return periods greater than
100,000 years. Thus, further refinements of MOFP collapse capacity to
establish a precise value within the range of 1.3 - 1.8g appears to be
unwarranted. For purposes of the natural hazard study, the median col-
lapse capacity of the MOFP building may be estimatad simply by assumiog
L

the truss connection failure (1.37g) is the controliling seismic capacity.

3,3.2 Qther 3uilding System Considerations

The behavior of the internal gypsum hoard/steel stud partition,
which serves as a secondary confinement barrier within the structure enve-
lope was evaluated for the imposed displacement response of the rgof dia-
phragm. Using the test data provided in Reference 48, the partiticn bar-
rier was assumed tc be significantly damaged for displacement-heighs
ratios of 0.005. As can be noted from Table 3-3, the ground acceleration
capacity (>3.0g) asscciated with the mode of damage coes not control.

G040
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The transverse wall panels and the roof joists were also con-
sidered as indecendent structural elements. The wall panels were evalu-
ated in transverse flexure (simple span) for lateral inertia loading.
The roof joist was evaluated as a simple span beam for the roof inertia
loading caused by response to vertical ground motion. The capacities
associated with each of these potential damage under modes are not con-
trolling and °re included in Table 3-3 for comparison with the other
damage moc2s considered.
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TABLE 3-1.

SYSTEM DAMPING RATIOS AND

™~

-
J‘r

w!

MOFP BUILDING ANALYSIS

ILITY FACTORS FOR

Lower Median Upper
Parameter 8ound Value Bound
System Damping 7 10 14
Ratio, 2 (percent
of critical)
System Ductility 1.5 <.0 2.6
-actor, u
TABLE 3-2. ELEMENT CAMPING RATIOS AND DUCTILITY FACTORS FCR

ROOF GIRDER

VERTICAL ANALYSIS AND WALL PANEL TRANSVERSE ANALYSIS

3-13

‘ Element Camping Ratio, 3 | Element Ductility
Percent of Critical Faccor, u g
|
Lower Median | Jpper Lower Median Upper
ey component gound Value Bound Scund /alue B8ound |
' i :
RooT Joist 3:5 5.0 7.0 2.5 | 8.5 10 ;
iartica)l Response ; ‘
(44 LH 10) !
: |
r~ T +
4all Panel 7 10 14 3.0 4.0 5.3 °
| Transverse Response ’
l (5.3 in. egquivalent
thickness reinforced
soncrete) |
&L CAD
-~ A



TABLE 3-3.

SUMMARY OF SEISMIC CAPACITIES AFF
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o

ING CONFINEMENT BARRIERS

STRUCTURAL
ELEMENT DESCAIPTION

STRUCTURAL
RESPONSE DESCRIPTION

STRUCTURAL
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4., EYALUATION OF CRITICAL EQUIPMENT

This section of the report presents a discussion of the analysis
of the critical equipment items including the analysis procedures used in
the evaluation. The Task [ Report (Reference 3) provides background inform-
ation to which the interested reader is directed. For convenient reference,
selected data and equipment details which are most pertinent £o the critica’
equipment analyzed are abstracted from the Task [ Report and presented in

-

Appendix E.

a.1 CRITICAL EQUIPMENT CONSIDERED

The critical areas of the MOFP building identified for study
evaluation are the mixed oxide preparation area and storage vault. The
general locations of these areas are indicated on the building floor plan
shown in Figure 4-1. The location of the critical process equipment within
the mixed oxide preparation area is shown in Figure 2-1 by delineation of
the four process lines. Each of these process lines consists of a sequence
of glove boxes connected oy transfer tubes. An elavation drawing of 2
typical process glove box is shown in Figure 4-2. Typical glove box ceon-
struction is welded 3/18 in, stainiess steel (304) with 3/8 incn acr.iic
plastic viewing windows. Each glove box i

wr

supported on a ¢ress-draced,
anchored steel tubular frame. In terms of potential relaas: of hazardous
chemicals in dispersible form, Stations 24 and ' are identified as the
most critical items for study evaluation. Station 4A is also identified as
critical due to the grinding process. The remaining glove boxes are of
secondary concern.

Glove box exhaust ducts are 4" diameter, 16 gage, weided stae!
which are branch lines of an 8" diameter main exhaust duct. This main duce
is indicated on the floor plan of Figure 4-1 and also serves as support for
the main electric bus duct. Within the mixed oxide preparation area, this
combination duct is horizontally braced from the roof at 24-foot intervals

™ "Ny \_. - ~
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and also braced longitudinally from the south wall as shown in Figure 4-3.
All other piping is ciumped to wall support brackets within the MCFP hign
bay area,

Additional items considered for evaluation are the HEPA final
exhaust filters and associated ductwork, 1A gas cylinders (within the
, mixed oxide preparation area), hydraulic fluid reservoirs, and tne storagg’

e

rack and containers located within the vault, T
4.2 EQUIPMENT ANALYSIS PROCEDURES
The se‘enic capacity of the glove boxes and most other equipment
t is substantially higher than that of the building structure for the MCFP
facility and, therefore, the approximate methods described below were used
to establish the ground metion capacity since a higher degree of accuracy
E was not warranted.

| 4.2.1 Structural Respcnse
The basic glove box structure was idealized as a planar rigid
body supported on an equivalent lateral spring representing the support
frame stiffness. The system response was determined directly from the res-
sonse spectrum due to the simple single degree-of-freedom representation.
Reference 13 indicates that for systems with 5% or greater damping, no res-

f sunse amplification occurs for system frequencies greater than 20 Hz. Since
preiiminar; studies had established that the glove bor frame system fresquency
was Jreater than 20 Hz and had assessed the system damping at 37 of critical,
r spectral accelerations were cotained directly from ground spectra, and no

ductility medified response spectra were considered.

$.2.2 Object Impact

The evaluation of confinement brescn caused by falling objects
was based on an assumed critical lcading caused by falling roc® or wall =
segments. Prior evaluaticns cornducted for other facilities in the Matural
Hazards Study (Reference 33) outlined the general approach for impact evalu-
ation of gleve boxes and storage containers, considering energy relations

32 Enans
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for plastic impact of a falling otject or the equipment, " The basic conclu-
sion of these prior evaluations was that small missile impact or puncture
of the glove boxes was not a significant hazard, due to the low velocity of
objects faliing from the ceiling (approximately 15 feet above the glove
borss). Thus, only with building collapse and subsegquent impact of massive
objects on tne glove boxes, is significant release of hazarduus chemicals

from quiggsnt probable.

...
-~

4.2.3 Relative Displacement

_ Since t1e individual glove boxes and support stands exhibit a
high degree of riyidity, the top of the glove boxes was .onsidered to

move with the ground while the horizontal ducting was considered to move
with the roof system. Thus, the glove box exhaust duct (2.0 inch diameter)
must accommedate the imposed relative displacement between the braced main
exhaust duct 2ad the glove box attachment peint. In addition, the main
exhzust duct must accommodate .2 relative displacement between the horiz-
ontal support points within the plane of the roof.

The diaphragm displacer ant r~espensa (SRSS) of the east-west and
nortn-south dynamic models were utilized to evaluate the effects of relative
displa.zment on the supperted duct. Simple beam models of the ducting were
subjected tc tne displacement response of the support points to determine

the cape~ity of these ducts to sustain the imposed relative roof displace-
rmants prior 9 structure collapse.

4.3 EQUIPMENT ANALYSIS RESULTS
The Task I[ evaiuation of the c¢ritical sgquipment items wis coi-
cerned with damage resulting from both direct seismic induced loading of

the equicment structure and damage caused by dif..rantial movement Detween
1

duc: 2nd piping support points. In all cases, the “4ilding collapse was
determined %3 be the controlling mode of failure. =
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4.3.1 Glove Boxes

Assuming a rigid body response mode (i.e., fundamental frequency
greater than 20 Hz), a typical glove box frame and anchors were analyzed for
an equivalent lateral force which characterized its response to horizontal
ground motion. The connection of the glove box to the frame, the frame
members, and the frame anchorage were evi ' ited for the transfer of the
equivalent lateral (inertia) force The Towest capacity was determined Dy
the flexure and shear of the glove box leveling bolts. 7he effects of con-
current lateral and vertical ground motion were included in the evaluation.
The capacity of the glove box assembly in terms of peak ground acceleration
was then computed using equation 3-2 with Fc given by th- equivalent lateral
force which would cause leveling bolt failure and with FSRSS,1g given by the
glove box mass multiplied by the median spectral acceleration associated
with rigid body response. The resulting median capacity was 6.8g. Lower
and upper bounds of 5.7 and 8.1g, respectively, were determined using the
procedure of Appendix A.

4.3.2 Piping and Juctwork

The effect of relative displacement between duct supports was
evaluated by determining the internal bending moments and support reactions
for the & inch main exhaust duct when subjected to the roof deformation

response caused by east-west and north-sout* ground motion. The additional
support reactions and internal stress caused by the inertia resgonse oF the
pipeway to the amplified roof motion were superimposed to determine tne
total element forces caused by the imposed roof response to 2 ground accei-
eration of 1.0g. The damage capacity of the pipeway was found to be deter-
mined by buckling of the duct bracing elements (0.55g). This mode of ze-
havior is not controlling since the opposing support element is in tension.

The effect of relative roof displacement on the 4 inch glove tox
exhaust branch lines was assessed ¥~ an anproximate manner £0 indicate the
level of ground motion which would cre a yield level stress in the glove
box filter/pipe connection. This damage capacity was estimated to be 1.d4g.
since the welded piping connections nave a large ductility capacity, this
d{mage capacity value was viewed as indicating that this mode of tenavicr
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4.3.3 Other Critical Equipment [tems

Two hydraulic systems which include a reservoir and power unit
are located in the mixed oxide preparztion area. Floor mountea'reservoirs
are connected to glove boxes 2C and 4A by means of high pressure hoses and
alove box entry couplings. Upright type 'A gas cylinders are wall mounted
adjacent to the welder and glove box 48 locations. While not directly
associated with a potential mode of hazardous chemical release, the second-
ary effects of high flash point hydraulic fluid release as well as the
potential missile capability of gas cylinders upon loss of a valve must be
considered. Review of the hidraulic raservoir and gas cylinder mounting
details indicate that damage due to di-~ect seismic shaking is unlikely. The
general conclusion is that these items will remain in place until impacted
by falling pieées of building structur:.

The location of the final builc ‘ng exhaust filters is shown in
Figure 4-1." In general, the filter assemb!y is held within weided aluminum
frames and clamped within a sheet metal casing supported on anchored base
channels. Review of the details of the filter and casing construction indi-
cated that the assembly is flexible enough to accommodate several inches of
displacement. The general conclusicn i: that the filter will remain intact
until the casing (16 ga. steel) is subjected to external crushing oads
caused by collapsing structure.

—

Hazardous chemicals are stored within the vault in doud
gauge galvanized steel sealed storage zontainers or “cans”. A storage rack
of special design is ancnored both the vault floor and walls to suopert the
storage containers in a precise configuration. GEach storage container is
held in the rack with "restrictors” anc¢ dividers of speciai design. The
general construction of the storage rack is a welded steel structural tube
framework caovered by 16 ga. steel sheet. The amount of material which can
be stored at any given time is limited by the required configuration and’
¢learances which must be maintained. Thus, the inertia lcading on the rack
is minimal. Review 0f the rack details and anchorage indicated that the
rack and cans #ill remain in place until the vault walls are substantially
damaged.
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5. SUMMARY OF RESULTS AND STRUCTURAL DAMAGE SCENARIO

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

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

The analyses of structural capacity were conductad using median
material strength properties and mediin estimatas of u}namic resaens2 o
ground shaking. B2ased upon the assumption that the important contributing
variables are approximately lognormally distributed, the calculated ugper
and lower bound capacity values represent an estimated one standard devi-
ation variation. The median capacity values reprasent the evaluaticon of
the various systems as they currently exist in the MOFP facility.

Since all seismic capacities are in excess of 1.0 3, further
refinement of the capacity estimates beyond the level identified for the
roof truss pin connection failure (1.37 g) appears %0 be unwarranted in
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view of the fact that 0.3 g is associated with a return period of 100,000
ye« . (Reference 5). The following scenarios present 2 general desciiption
of behavior of the structure resulting from increasing ground motion
acceleration. The scenarios are based updn the median predicted capacities
of the MOFP structural systems.

Ground Shaking ot 0.30 to 1.00 g (T = 100,000 years for 0.30 g)

At a ground acceleration below 0.30 g, there is no significant
affact of the occurrence of an sarthquake. Above 0.30 g minor structural
damage in the form of concrete cracking in the vicinity of panel/column
connections and minor yielding of diapnragm and truss connections is
initiated. Progressive concrete cracking damage and yielding of steel
connections continues beyond 0.50 g. At 0.73 g the wall feoundation joint
begins to gxperience minor slippage.

Ground Shaking of.1.0 q anJ Greater

Beyond 1.0 g the south wall begins to experience minor slippaqge.
At an accelaration of 1.29 g, the west wall begins to slip excessively at
the foundation interface. At 1.37 g the roof truss diagonal bracing
connections begin to fail. The progression of collapse beyond this Tevel
of accaleration is uncertain, but as the truss begins to lcose capacity,
the diaphragm will become highly stressed. Beyond this Tevel as Toad is
transfarred to the diapnragm, the south wall will beccme unsuoocorted and
initiate collapse. The crushing of critical glove boxes Jy failing roof
igists must be assumed to occur with soutn wall collapse. It is assumecd
that approximately three-fourths of the glove boxes would be breached with
Jooer and lower bounds of seven-eighths and one-half respectively. Thus,
the ground motion level associated with loss of confinement may be assumed
to be at 1.37g. It should be noted that the vault rerains unaffected and
#i11 remain intact at lavels in excess of 1.35g.
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TABLE 5-1.

SUMMARY OF

.

CRITICAL SEISMIC CAPACITIES

-

{

GROUNC ACCELERATION CAPACITY (g)

| STRUCTURAL AND EOQUIPMENT DAMAGE LOWER MEDIAN UPPER
L
| Reof Truss Pin Connection Failure 1.08 1.37 1.72
i (N-S Motion)

Reof Truss Parapet 1.00 1.46 2.1

(Z-W Motion) Wall Support Failure
!Roof Truss Support 1.10 1.60 2.30
i Channel Failure (N-S & E-W Motion)
|
T*
| Jiapnragm Internal Connection 1.22 1.80 2.65
t Failure (N-S Motion) !
|
1 1 1
| Glove Boxes { 5.7 | 5.3 | g,
| Leveling Bolt Failure l
|
L |
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APPENDIX A

Uncertainty Bound Analysis Procedure

The basic statistical procedure used in the uncertainty bound
analysis was based upon the general statistical properties of a lognormal
distribution. The procedure involved the identificaticon of each major
random variable <nich zan be considered as a potential source of substan-
tial uncertainty in computing the median capacity values and the appro-
ariate compinati-n of the uncertainty potential from each variable to ob-
tain the total unc-rtainty. Lognormal distributions were selected for
use in estimating urcertainty bounds in the overall Task II evaluation
results sinée the statistical variation of many material properties and
seismic input functions may be represented by the distribution. [t is
generally acknowledcad (References 27, 28) that the mechanical strength
properties (e.g., vield and tensile strength) of structural materials may
be characterized by a lognormal distribution. In addition, studies
(Refarence 139) have indicated that the statistical variation of response
to seismic grourc motion, as characterized by response spectra (Reference
18), may be reprasented by a lognormal distribution. Thus, whi
nermal distribution might not be the optimum choice of distribution for
structural element capacities or element forces due to dynamic respeonse,
it provides a sufficient approximation and is computationally convenient
since the assumption of a lognormal distributicn leads tc a simplified

combination of product random variables.

For a lognormal distribution, the mean value does not have a
pnysical interpretaticn. Thus the median value is used as the characteristic
parameter (i.2., 50% of the values are above the median value and 509 are
celow the median value). The upper and Tower bound values of the important
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contributing variables were estimated to represent 2 variaticn of one
standard deviation and are based upon engineering judgement concerning the
variation of the contributing variable values rather than on detailed
statistical studies. Thus, the lower bound and upper bound represant the
ectimated 16% and 84% percentile values, respectively, with 68% of all
sampies falling between the upper and lower bounds. The estimated lower
and upper bourd material parameter values were presented in the Task I
Report along with estimated upper and lower bounds for damping and ductil-
ity to be utilized in the response analysis. The median and upper bound
values of response were taken from the mediar and one sigma respconse spec-
tra given in Reference 18.

Al BASIC RELATIONS

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

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

x = 1In(x)

is normally distributed. [f a, b, and ¢ are independent lognormally
distributed random variables, and if

(o8
o
o

= (A-1)
where r, s, and t are given exponents, then ¢ is aiso a lognormaily dis-
tributed random variable. Further, the median value of ¢, denoted -by-C,
and the lcerithmic variance 3&3. wnich is the sguare of the lognormal
standard deviation of d, are given by
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contributing variables were estimated to represent a variation of one
standard deviation and are hased upon engineering judgement concerning the
yariation of the contributing variable values rather than on detailed
statistical studies. Thus, the lower bound and upper bound represent the
estimated 16% and 84% percentile values, respectively, with 68% of all
samples falling between the upper and lower bounds. The astimated lower
and upper bound material parameter values were presented in the Task [
Report along with estimated upper and lower sounds for damping and ductil-
ity to be utilized in the response analysis. The median and upper bound
values of response were taken from the median and one sigma response spec-

tra given in Reference 18.

Al BASIC RELATIONS

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

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

% = 1In(x)

is normally distributed. 1f a, b, and ¢ are independent lognormalily

siseributed random variables, and if

aF + S
d s _—-E:-—-

C
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where r, ., and t are given exponents, then d is alsc a lognormally dis-

2

eributed random variabla. cyrther, the median value of 4, cdencted 2y -,

and the loerithmic variance 3&3. wnich is the square of the lognormal
i

standard deviaticn of ¢, are given by
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where A, 8, and C are the median values, and 333, 352, and 3&3 are the
logrithmic variance of a, b, and ¢, respectively. The logrithmic standard
deviation for each independent variable may be estimated as shown below

for the variable a, from the estimated lower bound, median, and upper bound

vaiues giver by a_, 3., and 2, respectively.

Q
1

- a
: —l—{-]n (a"‘) +In (;)1 (A-4)

. 2 m

Ncte that if a is exactly lognormal,

a a }
~ - m d f -
5 = In = In ( = ) (A=5)
- ( 4, ) i

Given the estimated logrithmic standard deviation for each variatla it

*

follows that the astimated cne stancard deviation upper and lower Sound

values of d, given 5y du and d,, may be computad as
“

ﬁu = ] EX:C?d) (A-E)
d, =D exa(-7) (A-7)
<
S N g
G o gt
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The coefficient of variation of d, Vd' is given by the relation (Refer-
ence 30)

Vg = \J/exp(?az)-1 . ' (A-8)

A2 APPLICATION TO CAPACITY EVALUATION

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

(Ag)m S Fc/”sass,u; (A-3)

wherse

FC = Median element force capacity

FSRSS.1g = Median element force response determined oy

square-root-sum-of-square (SRSS) combination
of modal response components cbtained from a
modal spectral analysis of building models
using median 1.0 g ground acceleration non-
linear (reduced) resgonse spectrum with
median damping, 3, and median ductility fac-
0r, u.

. The estimate of median element force resgonse, may be ex-

tquation 3-1) as

bt EDAC



where Fn,lg rerresent the modal components of element force response.

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

to 1.0g) associated with the fundamental fregquency of the structural system.
[t should be noted that this approximation is a.so valid for element res-
ponse governed by a mode other than the fundamental as long as the dominant
modal component exceeds the remaining mcdal components by a factor of 2 or
greater.

Tpe variation in element force capacity, Fc, is considered to
be independently a function of the variation in material strength and con-
struction quality. The variation in element force response, FSRSS' is cor-
sidered to be independently a function of the structural idealization rep-
resented by the dynamic model and the spectral acceleration associated
with the dominant modal frequency. The variability associated with the
capability of the dynamic model to duplicate actual structural ressonse
due to earthquake ground moticn is assessed by a subjective judgement fac-

“r

or. For simplicity, the variability of the spectral acceleration is con-
siderad to be independently a function of the variation in the spectra’
respense ordinate, SA, due to the variation of input ground motion, the
variation in system damping, 3, and the variation in the value of spectir:
acceleration reduction factor, R, as influenced by the variation in syst:m
ductility factor, u. The factor R is taken as unity for the ground accel-
gration portion of the response spectrum, 1/ 2u -1 for the amplifiec
acceleration spectral region and 1/u for the spectral velocity and spec-
tral displacement regions. Thus, the ground acceleration capacity may ce
expressed as a function of the following variabies centered on median
values of unity:

L A

L i

A-5 L VeV,
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A, (Ag)m E W, J//Satsog (

where

M
"

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

Ec = 1.0).

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

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

CB = Factor expressing the variation of spectral accel-
eration response due to the variance in system
: damping (given median response sgectra and median
system ductility) as a function of tne ratio of
respense spectrum ordinate to the median response =~ -

spectrum crdinate at the dominant system frequency.

{Median value for Cs = 1.0;.




D = Factor expressing the variation of spectral accel-
eration response due to the variance in system
ductility, characterized by the spectral recduction
factor, as a function of the ratic of response
spectrum grdinate to the median response spectrum
ordinata at the dominant system frequency.

(Median value for Du = 1.0).

J = Subjective judgement factor expressing the vari-
ation of ground acceleration capacity.as a function
of the overall assessment of the procedure accuracy,
element force capacity conservatism, and capability
of the building dynamic model to duplicate actual
structural response due to earthquake ground motien.

. (Me&ian value for J = 1.0).

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

» 2 > 2 2 » 2 ~ 2
A = °F + W + °S + -C + D + °J

Thus, the upper and lower bound values for the seismic acceleration

capacity may be comouted as

/ ' (=
A = A expls, )
kq)s (9)1‘ g

(A-13)




A3 SAMPLE CALCULATION

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

\

.
-~
As discussed above, the variables which contribute to the
ground acceleration capacity uncertainty may be characterized by the
strength capacity factor, a wo%kmanship assessment facfor, spectral re-
sponse factors considering the independent effects of input, damping, and
ductility variation, and an analysis judgement factor. The effect of the
variation in ground motion (variable Sa) and the effect of the variation
in syster damping (variable Ca) were assessed from the criteria spectra
data pre:anted in WASH 1255 (Reference 18). Table A-1, which was ab-
stracted from the WASH 1255 document, presents the median (50 percentile)
and the 'ne standard deviation (84.1 percentile values of spectral ampli-
fication for variouc levels of damping and for the three major spectral
frequency reguicns. The results of the determinatio of the variation in
spectral acceleration response due to the independant variation of input
motion, damging, and ductility are tabulated in Table A-2{a) for the
fundamenta! freguency of the structure for both the east-west direction
(FI = 5.6 Hz) and the north-south direction (f] = 3.
of input parameters fcr the 5th mode (16.6 Hdz) of the north-south system

on

Hz). The variaticn

are tabu.ated in Table A-2(b}. The variation of material strengths for
each el:ment failure mode which governs each major capacity estimate for
the MOFP yielding is tadulatea in Table A-3. The res'1ting normalized
cantrituting factors, as defined for Equation A-11, are tabulated in
Table A-4, The ucper and lcwer bound assigned to the subjective cons
strustion gquality and wor«maaship factor, Nc' and the analysis judgement -

factor are alsc given 1. the tabulation.

)
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A.3.1 Example Calcluation: Roof Truss Pin Connection Capacity

The failure of the pin connection is controlled by the 6th
mode of response (16.6 Hz) for north-south shaking. Referring to Table
A-4, estimates of the logarithmic standard deviation are obtained for
each contributing factor.

Roof truss, pin connection shear response

-~ ~

= g = g =
. 0.039, ¥ 0.025, D, 0.044

Qe

S

Pin connection shear capacity

g = 0.4, S = 0.0
c c

(&1

Analysis assessment

¢ =
J 0.784

Now, utilizing Equation A-12

a = (0.185)" + (0.0)" + (0.039)" + (0.025)% + (0.048)% + (0.164)% = 0.052

7 0.228

anc from Equaticn A-73, the ground accelaraticn capacity is, given

tax = Y3
\Ag’m
A = 1,37 exa(: 0.228) A = 1.72
Qu’ Sy
Ag = 1.08 g

o

Ll e C
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Using Sgquation A-8, the coeffi:iunt of variation for the ground accel-

eation capacity is obtained,

o EDAG



TABLE A-1. HORIZNNTAL DESIGN SPECTRA ANPLIFICATICNS AND BOUNDS
(Reference 18)

e . - _ Faring Sp?:::umiéz;nds Spec}:;:k;OUncs
L pergggg 0 - &c.t.onA f':“”'"" o v A b Vv A
ree in in/sec g in In/sec a
0.5 1.97 2.58 3.67 Lo Mmoo 128 3.67 6 72 3.687
50 2.0 1.68 2,06 2.75 30 €0 99  2.76 20 S8 2.7%
£.0 1.L0 1,86 2.1 20 S0 80 2.1 17 4 2.1
10.0 1,15 1.34 1,85 20 41 64 1.65 14 38 1.65
0.5 2.66 3.41  4.85 Lo 86 164  4.65 32 95 L.&
75 2.0 2.2 2,68 3.36 30 81 129 13.36 27 5 3.38
5.0 1.83 2.10 2.48 20 66 101 2.48 22 5% 2.48
10.0 1.7 1.66 1.85 20 51 80 1.89 18 4 1.89
0.5 2.99 3.81 S5.12 4o 108 183 5.12 36 107 S5.12
841 2.0 2.51 2.38 1.8 30 S0 1k3  3.65 30 83 13.85
{1 a) 5.0 2.04  2.32 2.67 20 73 11 2.67 25 5 2.87
10.0 .62 1.81 2.01 20 58 87 2.00 19 §1 2.0
0.5 1.28 4.15 5.53 40 118 200 5.53 35 116 5.53
) 2 2.7 3.23 3.%0 30 39 155 3.% i3 % 3
5. 2.21 2.5) 2.82 20 80 120 2.82 27 70 2.8
10.0 .75 .34 2.n 20 63 @ 2.1 2 54 2.11
0.5 3.65 4.80 6.05 40 131 220 &.0% L 129 8.0
35 2.¢ 3.0 3.57 422 3¢ teg 171 422 36 1oo L2
.0 L4k 2,75 3.03 20 &8 132 303 29 77 3.03
10.0 1.91 2.1 2.24 20 63 101 2.24 23 5% 2.24
0.5 .01 s§.04 6.57 Lo 154 242 8.57 48 141 2.37
o 2.0 3.34 3.89 454 30 120 187 4.Sk 4O 109 4.54
(2 a) 5.0 2.67 2.8 3.23 20 % b3 3.23 32 83 1.23
10.0 2.08 2.28 2.37 20 75 109 2.37 25 &4 1.317
Ground mctions a, g v, in/sec d, in
allavium 1.0 L2 15
rock 1.0 28 12

g ‘(“f‘

\o.\.‘d ‘ ‘\- \J




TABLE A-c{a). SPECTRAL ACCELERA

ION RESPONSE VARIATION

Tv
System Frequency 3.5 - 5.5 Hz)

Contributing
Variable

Contributing Variable Values

Lower i Median Upper

Spectral Response In-
put Variation

(fl = 3-5‘5.6 "52_
3=10%, 8 =2)

0.95¢ | 1.16g

System Damping
(8, percent of
critical)

Spectral Response
Damping Variation
(fy = 3.5-5.€ Hz, Med-

fjan spectra, u = 2)

142(2

0.95¢ 1.074

|

i
: 0z

0.82 !

91 |

|

)

(1)

System Ductii‘ty
(w) -

Spectral Reduction
Factor (Ampiified

|
|
|

Acceleration Region, |

R=1//2u-1)

Spectral Response
Ductility Variatio
(Fl = 3.1-5.6 Hz, Med-

fan spectr., 2 = 10%)

|

|
|
|

I.S(a 2.6(

’ {

C.488 6.577 | 0.707

—
~4
Wi

0.80g 0.95¢ | 1.

2)

\

(1) Extrapolition based on Reference 18

(2) Reference 3 data base



TABLE A-2(b). SPECTRAL ACCELERATION RESPONSE VARIATION
(System Frequency 16.5 Hz)

Contributing Variable Values

Contributing Lower | Median | Upper

z
Variabie | |
| |

Spectral Response In- L 0.37 1.01-, ..
put Variation S(2) “(3)

(f1 = 16.6 Hz, 3 = 10%
u=2)

System Damping 7% 0z | 8%,
(8, percent of (2) (2)
.critical)

Spectral Response 0.9
Damping Variation 69(1.3)
(f1 = 16.6 Hz, Med-
fan spectra, u =2

0.99g 5, '-019“,3)

(w) -

2.0 2.6(2)

«

Spectral Response 0.96g.., |  0.38g,, |

i
——
el

Quccility Variation . |
(Fy, = 16.6 Hz, Med- 1
ian spectra, 3 = 10%

|

|

|

|

| | 1
! |

|

|

|

{

(1) Extrapclat.on based on Referenc> 15
(2) Reference 3 data base
(3) Interpolation from spectra constructed r--

each contributing variable.
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TABLE A-3. ELEMENT MATERIAL STRENGTH VARIATION
(Reference 3 data base)

Contributing Variable Values

Contributing
Variable Lower Median Upper
Oiaphragm Capacity
(E70 Welding Ultimate 40 ksi 47 ksi 56 ksi
Shear)
Concrete Flexursa 62 ksi 66 ksi 70 ksi

Capacity (ASTM 615 Grade
60 Yield Strength

Interface Shear Transfer 44 ksi 48 ksi 53 ksi
(ASTM 615 Grade 40 Yield

Strength)

Roof Truss Pin Connection 42 ksi 48 ksi 56 ksi

Tear-out, Shear Ultimate
Capacity (A 36 Steel)

Red Head Anchor Baolts 12.9 kios 14.4 kips 17.0 kios
Shear Capacity

Roof Joist (A 242 Yield 54 ksi
Strength)

o
——

<si

P
wr
-—a.
(% 3}

Steel Channel Flexure 40 ksi 44 ksi 48.5 ksi
(4 36 Yield Strength)

Concrete Shear 117 psi 126 psi 137 psi
Ultimate Capacity

-
[/ L]
Yu * 2vfc

Concrete Insert 84 ksi 68 ksi
Shear Capacity (A 307 |
Ultimate Tension) J

~4
(o8]
~
w
-t
'

LT
LS e Ul
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TABLE A-4.

UNCERTAINTY BOUND STATI

STICAL PARAMETERS '

-

Contributing Estimated
__Factor Valygs | Standard
Contributing Factor Lower |Median|Upper| Deviation
Spectral Response Sa, F=3.5 - 5.6 Hz] - 1.0 J1.22 | 0.189
Input _Sa, f=16.6 Hz - 1.0 11,04 1 0,039
Spectral Response C,» f=3.5 - 5.6 Hz{0.86 | 1.0 |1.13 | 0.137
vamping Cyo F216.6 Hz 0.97 | 1.0.[1.02 | 0.02¢
Spectral Response N, f=3.5 - 5,6 Hz[0.84 | 1.C }1.23 | 0.191
Ductility [
0, f=16.6 Hz 0.38 1.0 {1.07 | 0.044
Ec
(Diaphragm) 0.85 | 1.0 |1.19 | 0.168
Ec
(Wall/Flexure) 0.%4 1.0 |1.07 | 0.065
- Ec
(Dowel Shear) 0.92 1.0 |1.10 | 0.089
Ec
3 (Pin Connection,
Element Capacity Shear) 0.875 | 1.0 [1.17 | 0.145
Ec
(Red Head 3¢t,
Shear) 0.83 1.0 [1.18 | 0.176
¢
l (Roof Joist/Flex-
| are) 0.95 1.0 [1.07 | 0.059
' Ec
§ (Steel/Flexure  [0.91 | 1.0 [1.10 | 0.095 |
‘ EC i
(4all Shear) 0.93 | 1.0 [1.09 | 0.079 |
I ge i
{ (Insert Shear) 0.%4 1.0 |[1.07 | 0.n65
Construction Quality Wc (Steel) .0 1.0 (1.0 1.0
and Workmanship we (Concrete) {0.90 1.0 {1.11 | 0.100
Analysis Judgement J lo.as [ 1.0 [1.18 | 0.168 -

A-13



APPENDIX 8

MEDIAN ELEMENT CAPACITIES
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APPENDIX C

BUILDING DYNAMIC MODELS
AND
RESPONSE ANALYSIS



APPENDIX C

Building Oynami: Models and Response Analysis

The seismic lateral force resistance of the MCFP building struc-
ture 1s provided by a shear wall box system tied together by a steel roof
diaphragm and a redundant horizontal roof truss. EDAC evaluation of the
MOFP structure indicated that the center-of wall rigidity and the center
of mass for each story are approximately coincident (within 4 ft. for a
structure dimension of 100 ft. Additional evaluation of the equivalent
diaphragm shear behavior of the roof truss indicated that the overall shear
stiffness of the truss was approximately equivalent to the roof diaphragm.
Thus, the addition of the roof truss to the MCFP building was roughiy equiva-
lent to doubling the roof diaphragm stiffness. Oue to the diaphragm and
truss flexibility and general configuration of the MOFP building with regard
to mass and structural rigidity, overall torsional coupling of the two systems
was considered . Dde minimal and building response to ground motion was evalu-
ated independently for each major orthogonal horizontal direction of the
building, north-scuth and east-west.

Dynamic models of each independent system were formulated employing
the EDAC/MSAP computer code which is a version of the general structural analy-
sis computer program SAP [V (Reference 14). The medels developed were a twe-
dimensional representation of the two-story structure. The two-dimensional
mode!ing was possible since the major wall elements were idealized as equiva-
lent shear springs due to the small contribution of fiexure tc the wall in-
plane flexibility. Thus the structure was "collapsed" in the vertical direc-
tion into a horizontal plane and the nodes interconnected with springs whicr
represent the overall wall stiffnesses. The roof and floor slab diaphragm
stiffness were representad by simple shear elements or "shear s.rings”. Sub-



sidiary analyses of the roof truss allowed each bay of the roof truss to
be represented by an equivalent shear spring. The transverse wa'ls were
also incorporated in the mocels to nravide a means of force transfer be-
tween the roof truss and diaphragm.

The distribution of mass was accounted for in the MOFP building
models by simple discrete lumping. The equivaient Jumped masses were
assigned to the model node points formed by the structural element ideai-
jzations in proportion to the tributary area of building components sup-
ported (in terms of lateral force support) by the structural elements.

The second order effect of rotary inertia of the wall elements was noc 1n-
cluded in the models due to the planar representation of the structure.

The models sho.’d be viewed as an assemblage of Tumped masses
connected together by effect’ /e shear springs which represent the walls,
diaphragm, and roof truss as zlements transferring the inertia forces in
a shear mcde. The basic motivation benind the development of the models
in the "non-traditional"” planar form was to allow a nonlinear, coupled
to~sion analysis of the MOFP building to be conducted, if required, to
accurately assess the ground acceleration capacity. Preliminary evalu-
ation of the structure indicated that slippage (yielding of dowels) of the
walls at the foundation interface coupled with the nonlinear (yielding)
behavior of the cross-braced roof truss would zllow cverall torsional
respgonse of the structure. Thus, the models of each independent system
were formulated to allow the use of nonlinear dynamic computer programs
such as ORAIN-2D (Ref. 50). wnich are limited to modeling inelastic plane
structures, in a coupled time history analysis. This ncnlinear analysis
was not conducted, since further refinement of the ground acceleraticn
capacity results based upon che independent system analysis was judged to
be unwarranted.

The three-dimensicnal elastic beam element and boundary soring”
elements of the EDAC/MSAP code were utilized to construct the finite
element mathematical idealiza*‘on of the diaphragm, shear walls, 2nd

= EDAC



foundation compliance. Sufficient detail was provided in each model to
represent the general behavior of all key structural components which
comprise the lateral force transfer system. Within each model, the
necessary kinamatic consiraints were provided tc achieve the element
sciffnesses desired. The input data for the element properties, idealized
lumped mass, and model constraints are tabulated for each model herein.

The format utilized for the presentation is the input data (echc) print-out
generated by the MSAP program. The format and nomenclature is identical

to that utilized in Reference 14, Units are inches, pounds, and seconds.

Eel NCRTM-SQUTH LATERAL FORCE RESISTING SYSTEM

The finite element model used to evaluate the north-south response
of the MOFP building is shown in Figure C-1 along with a schematic isometric
viev of the MOFP structure showing the correspending structural elements of
the north-south lateral force system represented by the model. The element
and node idéntification are shown in Figure C-2. The nodal point spatial
definition along with the corresponding element properties and lTumped mass
values are tabulated in Figure C-3. The diaphragm element is constrained
to provide only shear displacement between nodes (i.e., a shear spring}.
The stiffness of 2ach bay of the roof truss was determined from a unit dis-
placement analysis of the roof truss as indicated in Figure 3-5 of the re-
port. An equivalent shear spring was used to represent each bay of the roof
truss in the medel. The walls are represented by one-dimensional sgring

elements (pseudo-axial bearing elements) which have been assigned the neces-
sary stiffness to simulate the in-plane snear behavior of the MCFP walls.
The effactive transverse walls were inclTuded in the model te accocunt for the
farce transter hetween the roof truss and diapnragm accomplished by the
parapet axtension of the transverse walls. The effective trans.erse w~alls
are modeled as pin-pin beam elements wnich transfer only the forces required
for the truss-diaphragm interaction. The equivalent scil springs uncer the
foundation wall footings were based upon the relaticnships of References

16 and 17 and the estimated properties of the supperting sci! developed in
the Task [ effort.
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The first eight modes obtained from a modal analysis of the
model are shown in Figures C-4 and C-5. The SRSS element forces obtained
from a modal spectral analysis, using the input spectra given in Figure
3-10 (u = 2.0), are shown in Figure C-5. Also indicated are the correspond-
ing element forces based on a modified SRSS combination of mecdal responses.

C.2 EAST-WEST LATERAL FORCE RESISTING SYSTEM

The dynamic model used to evaluate the response of the MOFP
building for east-west ground motion is shown in Figure C-6 along with an
isometric view of the building indicating the corresponding structural ele-
ments represented by the model. The model differs from the north-south
modei due to the additiocnal intermediate wall and less complex modeling for
the roof truss. However, the general modeling considerations are the same.
The element and node identification are shown in Figure C-7. The nodal
point spatial definition along with the element properties and lumped mass
values are tabulated in Figure C-8.

The dominant principal mode shapes obtained from a modal analysis
of the model are shown in Figure C-3. The SRSS element forces obtained from
a modal spectral analysis, using the input spectra given in Figure 3-10
(u« = 2.0), are shown in Figure C-10.

e

TR A
L ol }
\-'-"n"".-_;z



Steel Channels N
(Load ?ath 3e-

r———— / tween Rgof Trusy
/ ! _ and Dtaphragm)

Tridutary Mass

= |
Rwof Truss Ancnored | L : - ’ - ’\\ |
\ |
o \

%0 Parapet at Each - T Ere ™
» ( AN -7 we
wnel Potat (Typ.) L, LS N g LY I
: ~r b o [ 1 w1y “R0f Jlaphragm

\
i \ 9308 Lavel
! -
Ground Motion : ‘ \
|

Jirection (N-3) ~
\/; Parapet (Load Pach
/  3etween 2oof Truss
. and Diaonragm)
Mn Connection for
ol Panel ‘a Traws-
verse dending

20 Fr. Wide South Fr. Wide South

20
wall ? T /
Wall Parapet (Typ.) [ wall Panel (Tyo.) Y Floee (Tys.)

Ground “otion L; LKy (Typ 3N g% 4

Jirection (N-5) . ! — é . o S -Qo0f Truss

Canter Partion 3f wof Truss

. Parapet e sy g <y oy [y Panoo{: Attacned to Center wall
£y (Tyo (3 é o | @ o .#{ 2 =l - | Jeem
TR - i A2 (Tyw. L2100 P ——
b '!“J! o |' ° LCRoof Ctlaonragm

— - —

(1 > ouary | . -y |vault . é

G (fye.)t3) 3 st @il g (rp (@) usil $1 Fest Wil

2 ; . ——
—m‘ gt . w"" £ing Floor Diaphragm

‘ |

L1 ¢ ¢

Typ. )" ¥ \ 2
(,.' LYo g 1l : ‘f

'
%@m = ‘/"'00' siap
s ®

,. Steel Channeis (Typ.) 20 Fr. dide Ceater
dail (Typ.) ~SEauivalent 5
2 (Tyo §,5=“"l'ﬂ! Sotl 25011 Springg”
# Soring ¢ g
o — T B Rl
& - fauivalent Shear Zpring St1ffness of fach day of the Waf Truss
(Ref. Figure 1-S(al)
(1) Go Ky - Zauivalent Shear Spring Stiffness 37/ wof Jtagnragm ind
2 Ing Flgor, Fespectively.
(3) Effective 4all Stiffnesses [3ef. Figure I-3)
. is Transverse <all Panel (20 Ft. Jide Typ.) Cinnecting d00f Truss and d00f Vichragm.
(4)===4 4 Connection at *he <a!l 3ase 's Assumed.
(8) - - - Indicates gid Link Jetween Two ‘Yodes
’: e | >
L 4 ”~ - 1™ - -—— 3 #
FIGURE C-1.  NCRTH-SOUTH LATERAL FORCE SYSTEM CL ¢

POOR ORigiaL i



(@

)

- +u

ement

o

(F5)

Seam

-
-

YNAMIC MCDEL

-

" "
r-’

MC



(1VWH04 AT dVS) VIVO LNdNT T300W JIWYNAGQ S-N  "€-D 10914

pon*o onotone? oon‘o ono’os 1= - 1= = - [ LAY
oonto noo*no2l noo*n won'n 1= I= |- = 1= 1= 04
aneto onptnag nno*n oooto t=- 1= i I 1- 1= an
LLE ] onnton2y rob*o unntal 1= 1= \- 4 1« 0 'L
ourete anntne, nod* e naetel )= 1= - | 1= o L
ornto pant oo noote wnnto? 1= 1= 1~ i~ t- " on
onntn ong o0zt no0tn ubetes 1= 1= ‘- i~ [ [ ()
ooty enp ou2!t ooe*n fnnyn L 1= A= e 1= ) v
oocr'o ono*2uzl oon*n LU B 1= " - ‘- |- 1 L
oorto LCL AL P | nuh*o nnp i 1= ° - - 1- i o
ove*o ono 0o pontn nantyn 1= " 1= §- 1= wi "
ocn*n nontoon rnnco onoten 1= [ 1- (B 1= W ow
oonto a00° 0% noo*o ono*o» 1= 1 1- ie V- " »t
o000 000" 09 wonto ono'ny t= 1 1= A= 1- n wi
oen*o ono oos ro0on ono*u? - ] L L id 1= 0 "
gon'n ons’o noncn one*e i- ' §= be 1= I oy
oa"e oro ane fo0"n oo g» i- " i- [ - " X
o00*0 000 e2s o000 ono §» 1= [ t- 3 1= (3} "
sono 000" 09 npooe ono s 1~ o 1~ t- t- i (A}
conto eno*ezel ono*o LLI N1 1= ® - '~ 1= L] 2
LLLA ] ore 2nol nae*o one ¢ L o i=- e - ' "
rorto onntozye non®o ong*on i ' 1= i= 1= L] 0y
LLL on0t0?1 eon‘o anotsy 1= L] - B 1= v w?
oon*0 on0'02¢ ro0'0 onpng 1= 1 1= - i= " w?
ooo" 0 LR & L one*n wonto? i 1 1= 1= 1- L "
contp ann'o noe'o ovont §- ' 1=  fon 1= 0 a?
oon*o one 024 roe’o onntg = " i- g 1« wr .2
ono*o enp02e eoe’o onp*y Ie " 1- 4= 1= w? "2
oon*o onbhaae neo‘n ono's 1= 3 - te 1= 0 154
LT ond g0y noe e UL | 1= L i- i 1= »? 2?
ton*o ane oan oua‘o LD 1 - \ e i= L] 2
fon'o rontne I= 1 1= b - o 0?

nob'e oneTEg i= ° i= ie 1= n sl

anonto eonte? I- ! = L 1= o LA

LLE A opt*o anncpl i ° t= | 1- ' tt

LT T non*n rants1 1- [ 1= i - 1 ol

eno oan no0*e veo®ol 1= o - - - (¥4 (9 )

onp oen roo’a onb s L 0 L - 1= i\ i

ono e eoo'o onn‘ol - n O s ‘- 0z A

6npTgon fontn onnst = ® e - L 71

non'o ono’os 1= 1 t- i 1= " "

noo*a ono*on 1~ L 1= - 1- © o

onnony onnto « ono*s§ 1= L] 1= Ly 1= 0 »

onn*o aanto pootes = ' 1= = ‘- o u

onnt2og eento LR t- n 1- (B 1= ] ]

panTong eso*n oL ity t- L] 1= - 1- (B} °

LU RS P ec00"n UL A A ] | B " - L R 1- ol 5

ELT LTS ponto enntes i- o f= > 1= 1 »

(LT 4 noe’o onntey L " 1= | K 1= " 1

UL LU pancys 1- " 1~ I 1. " ?

ono*w LU 090" e 1. ' ' = t= © ]

7 ) . b4 A e 7 . " wianm
CAPwMIOMT s Tv0iw €] Swr] g anltY dpw Ao R

it oo Olivm gy

c-7

POOR ORIGINAL



("1v0)) VIVO LNINT T300W JIWVNAG S-N

tuedeniy”
LLEE [ A By
tnepiot”
LU T L
1es3on0l”
10430001"
10+ 30001"
1nsj0001"
10e30001"
Insinnol”*
insjonnl”
1ns30001"
toe30n01"
LLEE IV R
1pe3onet”
SaeInman’t
LELE DRES B
(04 30u01"
LULE LU L B
LLER LA ]
LULE L LAY &
LUER TR ET &
Sns3omol”

151
vipMang

ann

1oe3noiy*
1osInss1”
tosgnr2e*
rosJoEnt
fos3no01*
tos 000"
Ins3ngol*
fos3nom ™~
tos3nnng*
1ne2nnnt*
1os3n00)"
tos3n00r*
1os3gnony*
mosangin”
1ne3npey*
Sne3nnae”
apeanisy”
Insangol”
LR LIS L B
LEEE DR LT
LR TR
npsgnie”
Sosynnor”

t2n
vipmranl

TR T
IR Rl

tneanool”
IEYRTLE N
thsynnol”*
Ipe30001"*
fns30001"
1ne30001"
fas30001*
Ins30001”
Ipej0n0t”
inennol”
Inegor0”
tos30001"
insap001”
tneqonor”
tneappor”
1ne30001"
tnejunel”
tnsgpeer”
1ps30n01"
thezonol”
ILERTLTA B
1ns30001"
10s30001°

(thr
NALenndt

Aplewnian
SCvwm

-
zas

(v
VINY MY Aug

nyien

(Zry

-0 JWNOLd

n 1
*n i
» i
“n 1
*n i
‘o Thed
*n 2ne
o EARR |
*n 1ne3
n FOLE
n 2nsy
i LEEE ]
n 2an
‘n toe !
n the g
“n fused
" 1ne g
*n 1nea
e tohed
| 1rey
‘o Tusd
*u toed
o Tuey

fiye

Tiny My ug vinv

Ser IS 114

L4
T

CALImAIAIMA YIME eI wv g

A0 Junk

SO
Cenitng

2 S1¥ Vim it

2C e
L

ArA Yt my

wubvy*
nhuy*
L
nowy*
tAld
nyes*
audy
(a2
Afwn®
ST
frwe’
Nt
cite
nouy*
A
LLE
aungy*
anng*
naty*
ruey*
nnoy”
noty*
apoL*

LA A

' '

_—--mIpEe~NEDP

LR R
NS

R BT
Teimije~

SHrpn s WwinYivw

LA LRIE
Ond dvy
R LIS B

CEwg 0

1 “ 9y

e

“ AN
LR RIS TATY)
LRECULY
ER LU

U |

=
=
Z
=
cZ
S
=

°y
W
( 2
A

Tr

o
o

c-3



("3u0)) ¥1Iva LNdNT 1300W JIWYNAG S-N

229092

229337999902 I 22D 299939923 33>

STV 090 9909900 VVIVODIDIVIOIINIDIOIIOOISTDEDEDEDS
=

2990993293

re 1=
SInn) 0N

2993302090 3D DIV IVAVIIITNVADNIAISIIODIDDIS>NTIZTODS

o

€AY AN NI

TI2909099 3999390200932 232

209 009S99SePIIRZTSTI0eT e

2

S99 2999939939292 370028390092003T92323930372T33s 7T

9929 2992790900008 709 900920009 CCO0O0DTIIIDSISOITDII2D

- ANy YTTIYN

M=
R PR

- - .-
-
Fa

- ity we
Telmdgv. e

(B
"
{

o

"
.7
o
vl
on
ne
2%
7
1
L1
»

]

"
(34
L
ry
an
oy
e
L
a?
on
"
i?
an
"
LAl
oe
LAl
we
"2
"
L4
v

~-e
Wi
"y
L4
L3 |

r-
Tulie,

vy

€0 WMNoLd

R R

- oe~E?>

MABNNN
AR L

IH 4001 wetd ary

POOR ORIGINAL

c-9



TR U
Cluo=?

(*7u0)) ViVa LNINI 1300W DIWYNAO S-N

‘o " 0
‘o ‘a 0
. » ‘e
‘e *» “n
‘n 0 ‘o
o - 5
‘o o ‘e
‘" ‘e o
0 ‘e ‘e
‘e ‘o Ll
‘s ° by
. *n ‘o
"0 ‘o ‘0
" ‘o .
.’ l' ’.
‘o ‘o *»
‘o ‘o “n
8 “y “a
n “n *n
b ‘0 0
I Yiming PIneY g
Clre=y Civv-} Clew=a
(Y 1wy v L B “ 0

€0 WN914

‘o 10s gadnte’
*» fneansony’
-9 his 1Onang”
‘e EOs qongen’t
. Zuearws2”
e PR LR
o [ RO T
e fusInssis”
‘o PR DN
‘e LA E LU S B
. . ULER LT
~d shedpur2y”
“n §hegnaply”
b Jusjeunenr’
o PETE U
b L LI
“0 LT 2 T
‘o FOLE LY
w L B T
‘o L TR T E P B
LR LR )
Clowey

L
n
L
o
L]
n
L1
n
L
o
a
n
¢
0
"
n
L
n
"
n
<y
LR
1

nAiPwnu
VNN

Ty U bw

POOR ORIGINAL

~
-



1%

— - — 2"0
—p— 3,4

— e 41

PGOR ORIGINAL

mode ( 5.1 Hi)

c-11

a7

Savnraam mude;

J.;.pm.*im vode:

- \
= GAPArAEIM 0537 J

mC3e )



. {.T” b {1’5"‘/ ,;:; T ) .";3‘)
7T 3 ¢ par i pb.
— —— /7 Th mogd e L\ <oV Mt C wall i ‘;
— — f . ( - ﬁ ] ) . .
a FTn L \ 23.) Hi ANAL m._-!’/_ )

FIGURE C-4. MOCE SHAPES OF N-S DYNAMIC MODEL (Cont.) 27102

c-12 Ebﬂ‘:



Cs

.
(s

{ ~,|':
L1 : ‘)t §
Ll Sy
| b
a 3 H1

| {25)
| ‘
E 4 K
| \
|
1 te 1
S .
‘ L | - ¢
. ! -4 » b 4
|
|
|
v .
4 Us)
' !
| Bh ~
| & Ch
64 | B«
%) i,) 14 (3
1Y M
{
e
» )
* Mode
K55
> y

DANAMIC KEoronsl SLEMENT

9 y(UMMARY

Ave Boaled om

OF

MODAL

f1od b.ed SKS

ANALYST!

s
[ " 4 ' i
i G
&, J I
! s
' -
| o
i 24 (3)
¢ 0
| A
12 ¢
:A" A4 ') 24
i ' |
®
| } 118 128
21 1k 4
e
| |
| ,
|| (446) »
e
(| ’
:1 { 2 9% «
¥ 2 J i
W, @
-
-
§
j.ob x
\1v1-37"'
i!prvu-. Are [ omp
ride 6. 1he borce;

Of

4 4.~
1 *
(4
44«
up
1 5
|
{
|1 |
| 17 3¢
l

N

..b‘él

‘ !

l

W L

Ny |
<

4
Ve

|
Y |
ND AL
‘L‘\lv v} [

1194
d i
416«
v(‘l
6
P 4
4\
AT

}
)

-

{UNILT

|

Bs)

4
-




North <all
> _~Roof Truss Anchored 0
* Parspet at fach Pane!
Pgint (Typ.)

"~ dp00f Diashragm

Level
19 #2. Wide <al!
Pan ! (E/W wall)
(Tsp.) -
Jround “otion
Otrection (£-4)
19 Fr. dide fast and dest
J wail Panels
.
i |
L A1 |
| ~Ly {Y”," ) : ' 200f Truss
-E— around “otion
é’mm r~ r- | 1 dtrection (E-4)
LR S | .. Steel Channels ’
u, ! *‘3 (Tye.}*" ' 3
I L 300f Dtaphragm

L 1
fale  SNorthWall

g
e
g

o
='
N b
\
J
~N

=

|
1 M e "
wall : i Center wa' all \.é
=2 — 5
~Key (Typ. )"

S19 Ft. dide; | Sround loor Typ ~2Ind Flocr llaghrage

K fast ang | P et gt
west sall [ — L
R - Parsgets ¥ s < >
K. ® (Typ.)' "' 2 ‘19 Ft. dide ast and 3 < 2
{ west sall Pameis 1 <
| Flecr 5lad
= L] B o
2 Y fqutvalent o1l
s . 1> ctouivalent Soil pas <
& (Typ.) ;l Sering Serings é 3
vy ——e — e ——
(1) & - fguivaient Shear Soring 3i:ffness 3of Zacn Say 3f the wof Truss
; Ref. Flgure 3-3(3))
(2} b S - fquivalent Shear Spring 5tiffness 2f Fecf Jtaphragm ang Ind
2 Floor Jtaphragm, respectively
(3] Ef%sctive 4!l Stiffnesses (Ref. Figure 1.4).
d) ===/ !s Transverse <dal! 7anel (19 Ft. dide Typ.) Connecting
00f Truss :nd doof Dtachragm. ia lonnection st the
dail 3ase ‘s Assumec. - -
§] eee Indicates 31314 Link 3stween 'wo VNodes.
-~ - - - .
FIGURE C-8. EAST-WEST LATERAL FORCE SYSTEM o ~g A
L - § -t ‘Zi

POOR ORIGINAL —



.

32

13

-+
.

1]

[dealized Lumped Mass

Tament

-

3eam

O

IC MOEL

FP DYNAMIC

-W MO

-

EDRAG



(LVWH04 AT dYS) VIVO LNINT T300W DTWVNAG M-3

onn nan
ang* 299
uno ety
LTS
onot 2y
[ i
ong*rnp?
enp oeg
onp wagl
onoeogl
onn eyt
onp et
onoe21t
LU P AR
onp ezt
LT 4 N
onnT2is
onnZin
onet21n
onpt21a
ons* 1001
enn nen
onp eea
LIS PN
anantags
Dooacy
L LR 23
enntury
onL"w2?
ano'e
wnn”
L LA
rnoto
LA
1

LA
non*n
nob*n
LA
aneo
opo*n
nonto
foo*n
oonr*n
LT A
nuoto
LL LA

rootn

anetn

ngnn
fon'np
conte
nootn
LLLA )
)
STryNIamm) (mifg Vetun

-
-
-
1=
I=-
-
1~
1=
1=
1=
| B3
iI=-
1=
-
-
1=
1=
i1~
V=
1=
=
I~
1~
1~
| B
1~
-
1=
-
1=
-
-
-
1=
r?

-
1=
I~
1
1
1
1=
I-
1~
-
1~
te
te
"
b=
1=
L
1=
1=
»
§a
1=
-.
| B
-
=
I~
e
(S LU

1=
-
I -
1~
|
i~
1=
1=
i=-
1=
|
-
| B
| B
I-
I=
1=
V-
1=
1=
1=
1~
1=
1=
-
i~
=
-
1=
i -
1=
| B
| B3
1=
LA

8-2

-
-
1~
1~
1 -
-
1=
1=
i~
-
-
1~
i1~
-
I~
-
1~
-
=
i~
-
-
-
-
i~
-
-
-
i -
1~
-
-
1~
-
7

s et

wiva

RN

1= LB Ll
1= 2 s
1= vt Fd ]
1= . "
- ] n
1= o a?
1~ | we
i~ 1= 12
'- o a?
1= o i
1- o ne
& ' 114
1= o e?
1= " 12
1= 0 ne
- ' [
i~ " el
1= L] ¢
- v el
L L 51
- ] L3 ]
1= [ 51
- L 21
V= 1 1"
1= n ol
1= 0 .
- 1 o
1= L !
L L] a
1= 1 s
t- o »
t= 0 5
= o ?
i= L 1
' LR LT
Avgnrvn R
T 0NN

POOR ORIGINAL



(*3u0)) VIVO INdNI TI00W DTWVYNAQ M-3  '8-D JuN914 ' L~ m
E

10 3on0t’ Insanuny” tnewpong* ‘s *n ZneaEnep” 22
IasJunat” Ins3ngor* LT T ‘o *n ORI 12
tos oo’ LR DT R tnsj0um” e » UL PR ne
fosdourt” tosannoy* 1ne 30008 * ‘e ‘a UL DN "
tasjpopt® 10+ 3000 " tnsynnng* *n “un ZuedLEny wi
insjonor” tas3npor* insynnor” *n *n 10sdnnng” i
LR LT Insnpor* LLEE LETEE B ‘o “n FUTE TR I A wl
insonpl” 1gs3npnr* tneynmor” il e P TR B s
thejonol” fes ooy * 1osjonwt” *o “n 208 junup® nl
I1nsjonpr” Ins 3aone* theapony” n  J 160 4ngwy” i1
16s30001" 1030000 " tne0001" “n ‘6 Poesdrgvs 21
toejonpr” tas3npor* inenowng” ‘v ‘n 204 gtunyt 2
Ine Jonpt” lusganonr” tnsanaul”® ‘o n Insdnpuy” 0l
LA T LR LI T 1hejpnot” “n ol [ EE B »
inedonot* tos30001"* ios0001” ) ‘p (TIR AU ™
90sJo5ny " Ane gneng " IR LU A o “h tee donuy” Il
ansjoest” one3nusy insjon0g” *u "o fus greng” 9 e
LALE LA T T o IR TAN A 1asynnpt” s ‘n toegrnoy* s i
LULE LLT P sns3ange” LR R e “p n e genny* » '
LI DTS LR LLT tos3n0n” *» “n Tus goony” ] L8
o4 Jupnn’ npsJannn’ 1osquedr” S ‘e theappoy* F
ShsESL” Spscs” tos3oner”® *a *0 tne jnndy* 1
i twn tHr i) Fall (1)e CRRL L]
AARLERY AR LY snjenng LR ELAEL R BT LR CLIETE TS widY Ywpar PEIFRE LS -
SILIMta'ng sl it in wvia A
s -
‘o ‘o e nung* TR LT 1 B
LR R A LR B Ariexnan IR L ELR BT 'S LT a—
awr [Nl I B Sevy CenNCG g Cerpnima Teinlpev R
CATIm3q g Yo nlivn “
' = 1 pdpen 40 madabin 0
" ® LS Ve od o d adel g 4 w1
L4 SERIC BN IA A VNP AA0 N ) R INLTN B
% L 4 LR DU TR B T P

S I v e ¢ V2 - % 40 RN |



1N Y
Sixv=y

. L T R
COPPOTIDISVITIITIDISD

(“7u0)) viva 1NdNI

s i
Crvw=a

‘o
o
*n
n
o
»
e
“n
*a
*n
*n
o
‘n
*n
‘e

*n
e
‘o
“n

¥ B
29092929229

IR
Shvw=y

(Y 1 v v v 2 M)

1300W JTWYNAD M-3

IIuteg
Shve

LR B A

LB AR |
Clrw=n

~

8-

N9

fueanuery
foeang rus
LU IO RN
fusans 7y
fosudise
nwres
intan
IS I™n
Inno g
We24n

UL

| 3

en

.

.

S Jorvuny
yunes3nnony
200 anpon?
e
fas
LR T AL
SusIngiae
Casnuny
gousartely

wepon?

Pre gy
Clre=-n

¥ w sy
LA N

1 1y D0

=
=
=
S
S
ac



(3u0)) VIVQ LNINT 1300W DTWUNAG M-

L] n
o n
L] L
" o
o n
o n
0 n
Ll L
L] .
n n
0 0
L] n
v n
n o
[ n
L] n
" "
o "
n ”~
L] "
L o
L L
L L
o a
° 2
L o
L] n
L r
L] 0
n L
n Ll
o L
r- 1.

N AN sy

22329299

20D 33023V 299 29920973

252932999

n
cnent

’33’50.3”‘..5"0,30095333,93.9‘

3

P 2T009THISADIVNONTVNOASTDININTIINISD

%Y Nt

TS 2093220393

229 2929929200303 9

-y Nm R DRSNS N
=

CE LI
whrfpas

- - -

o, AT
Trisitve

R LY

B WIS

vl
L]

Al

LEL

(3}

/¢
it
ot
'Y
w2
2
wl
o2
1
1

"
L
ng

ol

0’

—l
Al L

1i«1 1

_-ymrTLrA~NE >

DR DTS
w?an

FTE LS

4 (~

.

o

«©

POOR ORIGINAL



<
o
v 2
1300W JIWYNAG M-3 40 SIdVHS F00W 62 WMol

Fﬂﬂr\l ﬂﬂ\.—k .m ; ;— L

(ting9z) ( 2p7w 20 ) apew 1Y o’

“ " | (ed 292) ( sepow jpvea Y sprwe Y —v _

« | (Hie2) (sr00m pom ) ypow g X ol

2 -* .aw (alor) (2200 whoaydap pew stoay jrea) mew pag—o— ©
| .

\ :zm.vv A:qu Enc..ﬁ?.v Pua (W] jers ) sucw

vy ey | (ems) (s2powt wheaydop puo ssuap jees ) aprw 5| —
;ulrﬁfl gy

S S,
e i B A I/lu/
mwu lul!'tﬁ s .

L Sl

Bl



-9
@ @

19 NNAN— B AN @ AN : ~

.,,.-T\.:\‘Uv —ua, n..:-‘»..\. ”Q s.,; w5 o = - .v
“ .@ n o .u « . @

- . o —A.. i

o .u..ﬁﬂw “ ’
) . [

© ® @ _

o AN —— G AN —— @ —AMA—— .

L , m.; vrb? “ ) g s hOU .u w)— LS ﬂw -. m(w“
- 3

O HE = ’

- Y )

v @ « @ ® @ 3 g

AN NN @A @ NN ﬁ = s

- : 2 = » = | :
- . )

) ...,::.a.. \a:ﬂn.h plu hC-@ Y]

.,.. QL . \ ' : . "W

— s P — - - - - W L
: ) (%]
i e -
— " ) “ J
o~ " -y <L
. - ' o=
4 1 \mv Z “1
o > .
a“ﬁa\l..,vl -y .4\ 225 h.c -M. .MN
N i w o : o
™~ -4 S nv.m
n ‘2 L3Y wr
e R < ” ’ .
Q.‘ 1 qlw. QU i d . o
— — — = - —— i A
< d & S

.
©)
-
-
.
8
. 2
INIT
§
MM

| =
~ o t .M m
Stw_—ul ’! G ﬁ.b w. i .,W - m
+ e e T =
> % “
=
Fom ¥

K @~ |, ® ) @ , 3
o~ @ N— @ AN — @ — NN “
e .L._ )

N w 749

r O © ﬁ -

"y ’
| R E - - o I
3 . 4

EDIG



APPENDIX D

EDAG



APPENDIX D

Wall/Foundation Finite Element Detaile. Analysis

The MOFP Uu+h11ni~14teral force resisting system may be iceal-
ized as a shear wall box system tied together by a combined roc” diaphragm
and truss. The pre-cast panel walls may be idealized as monolithic shear
walls. The usual design assumption is to consider that each shear wall acts
as an independent fixed-base, cantilever shear/flexure beam. Often the
effect of transverse walls, acting as flanges of the box system, is ignored
and 2ach wall (and foundation) is designed to resist both the wall shear and
the associated overturning moment. Such considerations in the MOFP design
resulted in the addition of the external column straps since the single
dowels at each cast-in-place cclumn could not transfer the full desicn over-
turning moment to each wall foundation. It should be noted that this was a
result of the assumed simplified force path used in the design analysis.

For low rise shear wall structures, foundation soil compliance

-

will 2alluw relaxation of wall base fixity at the foundation level. A reason-
able procedure to adjust the stiffness of an otherwise fixed base wall mocel
it t2 consider the distribution of soil compliance of the individual wa'l
footings as represented ty a series of equiva’ent horizontal and vertical
sail sorings. Each transverse wall of the box system (and the associated
foundation comp!iance) will act as an effective flange for each shear wall

of the MCFP lateral force systems. The discretes modeling of box-type struc-
tures with low Height-to-width ratio must consider the effects of flange
shear-lag (Referencz &) on overall box system resistance to tateral force.

-

Azslication o€ the relationships ouv.lined in Reference & allows the effective
flanges to ce defined for each of the primary lateral force systems as

in Figure =1 and 2.2 of this report.
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. To investigate the behavior of the shear walls and trancverse
flanges, for fiexible base conditions, indenendent finite element static
analyses of the exterior walls were conducted using the EDAC/MSAP computer
program which is a version of the general structural analysis computer pro-
gram SAP IV (Reference 14). The model utilized for the analysis of the
sguth wall is shown in Figure D-1. The spatial and material property defin-
ition for the model is shown in Figure D-2 in the form of the echo of the
input data generated by the MSAP computer ocde (same format as Reference 14).
The equivalent soil springs under the foundation wall footings were based
upon the estimated elastic properties of the supporting soil developed in
the Task [ report. The effects of footing embedment (References 156 and 17),
-were included in the compliance estimate. The foundation wall was represented
in the model by a continuous beam element. The effective flanges of the
transverse walls were represented by axial !inks (beam elements) with the
necessary kinematic constraints to allow tension/compression behavior only.
The wall was. represented by plate elements (membrane behavior only) with an
effective wall thickness of 6.5 inches. Preliminary studies indicated that
the size and distribution of wall openings for the txxon facility would not
appreciably affect the wall behavior. Thus, openings were not included in
the models of the study. The model, as defined, was then subjected to a
uniformly distributed load applied at the roof line representing the tribu-
tary roof horizontal inertia loading.

Similar models were prepared for the north, 2ast, and west walls
as shown in Figures 0-3, D-5, and D0-7, respectively. The corresponding in-
put data defining the mcdels are given in Figures 0-4, D-4, and D-8. The
models differ from the south wall model with the inclusion of intermediate
transverse walls and the consideration of the vault wall thickness faor the
north and east walls. '

The distribution of internal stresses and dispiacements resulting
from a uniformly distributed shear force applied at the roof line were ouf-
put Dy the MSAP code for each of the walls. The resulting displacements of




the foundation wall beam for each wall model are shown in Figures D-3 through
D-12. As can be noted from the Figures, the distribution of vertical dis-
placement of the wall is not linear. The wall behavior is similar to a deep
heam on an elastic foundation subjected to uniformly distributed moment.

Since the soil spring forces are directly procortional to the foundation beam
displacement, the distribution of base reaction forces may be obtained by
multiplying the displacements by the corresponding effective spring constant.
Thus, the distribution of overturning reaction forces differs considerably

from the linear distribution which would result from a fixed based assumption.
The distribution of horizontal shear force, however, is similar t3 the classic
parabolic distribution which would result from a fixed base wall (with flanges).

To evaluate the behavior of the d~wel/column straps in transferring
the wall overturning (bending) forces to the “oundation beam, the nodal inte-=-
connection forces between the plate (wall) anc hHeam (foundation) elements were
determined from the internal stress distributior computed for each wall model.
When the effects of initial gravity (dead) load vere superimposed upon the
vertical distribution of node point interceonnection forces (representing the
dowel/strap transfer at the wall/foundation interface), it became obvious
that the foundation beam would uplift (i.e., a soil spring would become ten-
sile) prior to overcoming the initial weight at the dowel points. Thus, the
static analysis demonstrated that the extericr column straps and dowels are
not effective in transferring qverturning reiction forces. Th. footings will
uplift before the straps and dowels are stressed in tension., The horizontal
distribution of node interconnection forces was utilized to determine the
dowe] shear forces in the capacity evaluaticn. The wall models also were
utilized to determine the overall stiffness of tie walls for the lateral
force system analysis discussed in Appendix C. As discussed in Section 2 of
the report,the overall behavior of the walls (from a horizontal load/deflec-
tion standpoint) could be represented by a shear-flexure cantilaver with
flexible base springs. Thus, while tnhe grass bepavior ¢f the individual walls

culd be determined from 3 simple flexible base shear/flexure cantilever 2p-
proximation the detailed stress distribution at the foundation interface re-
quired the consiceration of more complex models to model the wall behaviar.

b
1
-

P
&
4

£
" ¢
o

b‘.

EDRE

L)
'
(8 )



weag |LPM UOLIepUNOY

’9 % +9

o
TIVM HINOS 40 T300W INIWINT JLINTL " 1-0 39T,
sbupads |tog shupadg | 108
bury004 |eju0z a0y HULI004 B AN
3 134 :/ 09 hs s \ (s 9
"3 77 W d
u .. + L4
lE ¢$nm.m\a§>_ 7/ 4
9 3] 2 %] 8
(4 U ! sbupadsg

snid sbuirads

Hu1j004 43110)

. IM
o
muv AHV va va \w__ez w59
i —— (€ ~— «¢ TE TR S TR s Ul i Y ok

Ax..:.é.._.:( peviesr) mo | 3) ey | uaou JUofoA; svuv r.\ﬂx: \

L1BM 3SA3ASURA|
30 abuey|y AA1193437"

C-Butpro] eryaau] Jooy

4k [r=ae h.s.:::.n o q
(dhy) P12 worg — ﬂ_
A‘\:..v I*7v2m el — O

burjooy abue| 4’

o



(1YWH04 1]

poo*e
ooe*e
ooe*e
ooc‘ec
ooc'e
ooete

*0

“eg

20t

oocte
poc‘ec
eor*e
boe‘e
eee°e
eoe'e
voe'e
oor*t
ooe'e
ooe'e
poe‘e
boo*e
ooe*¢
opo'e
ooe*d
oce‘'e
ooe*e
oo0‘e
ooo*o
ooce*o
eeo*e
ooe‘o
coo‘e
ooc*o
ooe‘t
eoo*e
ooo*e
ooe*e
coe*e
oce*e
ooec*o
L1124
pee*c
ooo‘e
ooo*e
L L
ooc*e
coo*e
ooo'e
ooe‘e
eec*e¢
ooe’e
oer ¢
so0*eC
ooo‘e
coo‘e
ooe e
[ 1104
o000
ooe*e
ooc*e
eoe*o
eoo*e
ooe'e
ooc*e
ooe*e

cot'e
ont*¢
coc'e
coec
ooe"e
coc‘e
oee-¢
ooc'e
ent’e
eoce
poc'e
ooc*e
one’L
eoo'¢L
eoc'e
oot e
ent*e
goe'e
poc*e
(113"
poce
ooc'o
pot*e
poc‘o
voo*e
ooc*o
oec‘o
ooe*o
oot’o
[ 11 5
oo0°0
(1104
ont*e
onc'e
o000
coc ¢
oo0"t
(T 1A
oot e
ooo'e
eo0*o
oot*o
ope*e
oo
(117
ooc*e
enc‘e
one*o
oocto
ooe'o
poo*e
oo0‘0
ete'e
ooc*0e
P00
oo
ooe*e
oo
000 ¢
coo e
coc‘e
poc*o
[ 1758
ooe'e
coc*o
coce

dH

LINITE
00C 0bee
000 C0e-
00" 0be-
00C " 00e-
(I I 1T
0c0 pob~
00C Obee
[T I AT
I T
I T
epete
o0c*o
ooe e
ooc'¢c
ooc*e
epe’o
poc'c
ooe'e
soc’e
coe"c
0000
ooe'c
000°s5 1
oocse?
ooL LSS
ooc‘e
ooe*fst
000 se?
000" i8¢
o000
oo0"gs
000'Se2
o0’ LSS
poo'e
ooL sL1
ooo*ge2
00 L858
ooct'e
coe gLl
ooc se?
000" L8¢
poe’o
ooc i
oo0*sn?
000" L6
ooc‘e
ooc tst
poe*se?
o

008%0
000"¢E T
oot se2
c00"L8¢
ooco
000t
ooc se?
000" ise
ooe‘e
oo0 gLt
L0 se?
ool (St
ooc*e
(T ¢]
oo0'sr2
000" 15%

i
$3.vn108000 IN10De

LTI T Fat
(TIaE T T3
o0C 0%
oot owe
poc o2y
coc goe
ess "0y
ooe’ ooy
o000
voc”
ooe’e
ose*oons
00C 0082
oo0'o0e?
eoco0y?
coc o002
0000057
ooc oon?
oeetoos?
oo0*po22
oee*o0012
oec'o00?
(110 123
ooc*oo2!
coo 002!
ooo‘o02!
ocoono!
cos*ono!
coo’*oeo!
pootown!
LAY
coc*0%e
(11 01 1Y
00009
coo org
ooecturs
oot eog
coe ore
(T 108 1 71
eoc*o2y
poc 024
oeo' o2y
cov*ooe
oot ooe
oo o0e
oecteoe
ooc ‘o
coccer
oo oee
coc‘oer
(Tl 111
pectoeg
000 0eg
o000 oeg
oot on2
oec*oe?
poc*or?
coc'on?
ooc*o2)
ooc 02!
ooc°c2!
coco2
oot o
oee'o
eoe"o
ooc*e

3

00N

1=
i=
i=
1=
|
1=
Yo
i=
I
1=
1=
1=
i=
B
1=
1=
1=
1=
1=
ie
|-
|=
e
1=
1=
1=

1=
1=
i

1=
1=
te

e
1=
1=

le

1=
1=
1=

1=
1=
1=

1=
1=
1=

1e
1=
1=

S
1=
1=
1

=
i
le
le
=
e
i=
ie
1=
1=
=
je
le
Ie
i=
i=
1w
i
1=
i=
1=
1e
le
1e
I=
i=
i=
i=
1e
1=
i=
e
i=
1=
Ie
i=
e
le
1=
1=
i=
l=
1=
e
I=
I=
1=
i=
e
1=
=
1=
=
1=
1=
1=
I=
1=
1=
I=
i=
i=
i=
i=
I=
s

€)-T300W TTWM HLNOS 40 YivD 1NdN!

- LR 1™

1=
I-
1=
=
i=
1=
i
i=
le
=
1=
1=
1=
i
I=
1=
1=
1>
1=
i=
Te
1=
1=
1=
1=
i=
=
i=
i=
1=
1=
1=
1=
1=
1=
i=
1=
1=
I-
1=
1=
1=
i=
1=
e
i=
i=
1=
I=
1=
1+
I=
-
i=
1=
i=
=
1=
1=
-
1=
1=
i=
1=
1=
e
L e

je 1e le e
1e 1e 1= 8%
{= le - Ld
I- 1o ie §e
i= {- 1= 2s
i= A le 1%
e ‘- - LA
i= e i=- tS
ie e ie s
|= 1= - i5
i= le - ey
le 1= i S5
= le 1w -y
|- ‘e 1= fs

1= 1= i= or
f= le i= (1]
le [ 14 e
| R ] (4 ir
te 4 (4 v
£ ¢ 1 ir
o ¢ ¢ or
l= ] 9 of
I= [ 1 LA
i= 1 4 i
i= ¢ L of
1= ¢ « s
i ¢ 14 L]
I [ 4 141
> 0 ¢ 149
1= " (4 "
i= 4 < of
1= (] v 14
1= (] 4 4
i= ¢ 1 it
3 4 e L 14
1= ° 13 114
1= [ 0 .2
b ¢ ¢ i
te ¢ ¢ 144
1= 4 ¢ 12
4 4 o2
i= ° 4 sl
1= ° 4 L
ie [ ¢ e
- v [4 L
i= ° 4 s
i ¢ ¢ LA}
{e e ¢ g1
1= ° ¢ | &)
e ] ¢ 11
i= 14 1 ol
L B ° ¢ [
1= ¢ v ¢
i= o 9 i
\= ] 4 L
1= ] [3 s
I= ° H "
te [ ¢ ¢
I= o 3 4
= e c !
1 4 LR 1T

$3003 wOlilowUDd ApvannDe 300N

Yiv0 Ve00n QIivEINYS



3/790 wE€anm ELEmNENTS
NUMBER OF sfaws = Y
SUNBER UF CEUmMETRIC PRUPERTY SETSs 2
HumBER® CF FlIgD END FOACE 35E€73 * 3
NURSER OF waTgalas . 1
maTkRlAL PROPERTIES
mATERLAL YUUNGeS "2 85C0N"S
NURRER “QouLus savic
1 dev0Ee0? L2000 0.
BEam GEUMETRIC PROPERTIES
SECTICN™ srlaL amER SHEAR AREA SHEAR ANEA
NURBER all) at2) Ay
LLLISL L) Q. ¢.
BITIIZT B} L 9,
370 8€am ELEwENT paTa
BEan  NDOE  NODE NODE  wATEAIAL  SECTION
NymEgEw -1 -d - NUMBER NURHER
i i 2 S i i
2 2 3 s 1 1
3 5 : S t 1
. . L] a1 1 2
S 4 12 @l i e
L ] 12 is a1 13 2
r 1a 29 al 1 2
L] 29 s al i 2
9 24 rLl “l 1 2
19 29 Jj< @) ! 2
1t 3 Jeo LN 1 2
1é ie 0 a 1 P
13 “Q ie el 1 2
14 ‘!l 4 s ! i
195 2 a5 S i i
1e “) i s H i

PooR Ry

L)

(% )

=ass wELIGnT ome
DENSITY DENSLTY
9. 2,
TORS O~ InERT IS INERT I
1) (ST 3] {3}
+1000E+0) +1000€+0¢ «1000€v01
«1000E00) JA30dE0 08 42028005
ELE~ENT N0 LOADS END CUDES
A L 4 e -l -J
92 9 2 Q | 1
9 2 2 2 { 1
° 9 3 9 i i
9 9 k] Q 1 3
0 ] e 0 b] 9
] 9 3 0 9 bl
] b] b] b] ] b]
F] 9 b] ) b} )
9 b} ] ] ] 3
] bl b ] 9 bl
] b} bl 2 ] ]
3 b] ) ] b] ]
b) b) b 3 ] i
] b ¢ 9 i i
bl bl ] bl i i
bl b 9 ] : i
] / \
r‘l“‘LL “CCEL ‘ZJH:. J

INPUT DATA OF SOUTH |



Olivw
NTanva

(ne3sy”*

tan)n

("3u02) TI00W 1TYM HLNOS 40 VIVO LNdNI

IN3lavNn
RALLE DT

(%))

‘o

/

/

o3

tardd
IR |

ERLELER IR
EELS LR ELES

5 .

(9%))
NY L ENDD

0o ° L] LA d £ ot On o

[ B J L] ° o &t L1 b | 67

0o ° 0 . L3 " 4] w?

00 L] o EAl " (R4 w2 It 4

AR e L ( 14 "” iz L 4 .2

[ 0 0 LId 12 L3 vz 7

o' 0 © 0? s 51 "N L4

o*e 0 ° . (4 " é V2

o'o 0 ° " 1" i - 22

o0 ° 0 L ‘ ] 4 1z

[ o o L FA " of 02

o0 ° 0 (34 L1 LA L3 at

p*o ° L] 131 L1 ot Iy °

[ Ao 0 ] s os w2 ‘2 o

o' 0 L (R4 a2 (44 LF4 91

0°0 0 ° (4 72 L) L] s

n'o ° 0 st ot el L1 "t

(] ] 0 st "l ol " 'y

0o'o 0 L " ol 9 i 2.

0°0 L] L] ] . 14 ] t

L 0 0 L4 (L it vy

0o 0 L] LA " i g

0" 0 L) LA LR} .? g v

p*o 0 0 of [X4 s? *@2 t

0'o ° 0 L 14 2 12 2 L]

0o o [ 7 12 " La) S

0o ° 0 et A L LA "

o*o ° 0 LA 0" L o )

L ° ° LA . s e ?

00 ° 0 . < ' ? 1

ANNESIng  SCINMIIML HIRWNN O=300N 1=3008 w=3008 (<300 J1-3008 NI8LON

T HMON A9YHIAY Ivindivw indwang

YIv0 INIRINY M dugs v la wiwmg

0 004 381" tos3eg” ‘e o ‘o % 1
(an)d* tx)) (7 vmaty fA)vud Y (x)yud Iy Atienin HananN
' AR E R R BE, CINTIIT 443D NDISAYAx ] Temning LA AR I

YL AL 3A0NE TeiNdlem

1 " Shelmavw 40 winunn
oy = Siniu313 40 piouns
o . 401 vy

t 1IN 3w 23 TYIMR S I Y4 L B |

AU NN ’ “

PCOR ORIGINAL

"~
o



00000°0
ot000°0
000000
oeo0o0e*e
000000
onrco0*o
ooo000*o
00000°0
s0000°0
080000
0nenn’o
#90006°0
a0000" e
e0ee0"0

9os302¢1"
Los300mn"
Los300nn"
(os300mn"
1os300nn"
(os300nn"
(osanonn®
(ne300nn"
(os00nn"
Ltost00mn"
ensj02¢1"
Ros30001"
Lo+3009¢"
tos3009¢"
tos3noes’
tos3009¢"
Los3009¢"
ICEELLEL
(0s3000¢"°
(ns0001"
(os3000¢"
CLEE DL LR

Ivm
ECIET L

("7902) TIGOW TIVM HINOS 40 Yivi 1NdNI

ININOM
Sinv=?

NOTLIYLON
a3141734%

L
o>

INTIO
Sixv=y

IvIn3dv4810
011417548

ININOW
Sixvsx

(31 v i o

B
L]
L]
0
0
L
0
L]
L
L]
L}
o
L)
0
0
L]
o
L
a
L]
L]
0

tav) 1000
sty iInin

"
003

2-a M9y

.. r.
-. 0’
‘e ‘0
'. ..
-‘ ..
0. '.
.. Q.
‘s ‘o
.. ¢°
‘0 ‘o
‘o ‘o
IIm0g 1mng
Sinv~y Clvv=a

Cos3o05 1" 1 1
SOsJuoguar” 1 L
S0e30% 4" 1 it

A LA LA NS 1 (14
Sor309512° ! 4 4
Sosjo%c42” 1 1?2
ALARLALEE o ' i
Soe3095¢22° 1 5
S0¢309¢12" 1 I
So0s309¢42" 1 S
cos300961" ] 1
ERLILE] cy) RIS
Clevenx avp? 10N

£l s vwm 0 30902 » )9 tovyu 1Ty 00 »

o«
3002

00000
(a) 48y

L] ° L " e R
L L] L A3} ow 12
° L] ° Lo o 02
0 0 o i 24 sl
L] o L] 2 L k4 i
0 ° 0 te L1 o
0 L] 0 0 02 ol
0 [ L] as ol st
o 0 ° s 2n "t
] L] 0 s . LR
0 L] 0 s ~ 21
L) 0 ° 5s LT i
o L] o "s on ot
0 L e s ot L]
L] 0 L] 5 " v
0 L) o 5 we i
0 0 L] LAY n? °
L] 0 0 L1 02 s
L] L] L} L et -
L] L} L] i 7 L |
0 L} 0 o B 2
L] 0 0 » " '
LI L fen) (r~) tiv) ™) LR LU

NMOTAIINTO FmloniSun) aninl 430 S io0n 1) ICECEAS]

06000
(3w

LLL LA ] LLLL ]
(LARIES) tv)asv)

NIVl e 387 aen Y ity

a2 o Biniuty g0 wiluuny
] B 1401 vy

L A B A | Anvasntuan

PCOR CRIGINAL



(‘

”~

L
-

!'.a-)

O == Plale alemeat (typ)
[J — Beowm elemest (typ)

A —_ Buundﬁr‘, slewedt (f-,r)

D - 03 in u&”
@ = Bin well

300.4 1b/in (E‘uivu'cu' Roof Lavel Force G 1109 Cround Acceleretion )

__LT N Sy J— . 17 | p— 33 37—
Hololo|o®| 6| e |

i ' 120" Y

(2] (i) (TYP.) |

58 59

FIGURE D-3.

o é1

G

8 iz (] lie (7] fa0 (8 24 161 Jag
6 2 Y41 iE 49 ’4q i%a i

62

FINITE ELEMENT MODEL OF NORTH WAL




GRMPRATE L L8 iala

Noiing Wb by |
NiimmE . ’ /
! L . -1
" ' -

$ " -t
- ' . -
5 " ’ -t
5 " -
14 t " -t
L] 0 v -
. n -l
19 “ . -1
1 it . -
1e ) v -
1) " " -1
14 " b -
s o . -y
i1a " " -
1’ n v -1
i» 3 " -l
19 v v -
29 o v -l
a1 ] 0 -]
22 o " -l
25 n s .l
24 o -l
29 9 . -
2 ' v -1
27 o J -
EL] © “ -t
a9 I\ 8 -
3o h v -1
s 9 ’ -1
5 a " -t
33 a o -1
3 0 " -l
3% ] v .\
3o 2 * “1
s 0 v -t
A 0 ¢ -t
5o e 4 -1
40 v v -t
“! 9 v -1
P n " -l
43 ) v -4
‘. L} " -l
s -l L4 -l
a8 -1 -] -1
“? -1 -1 -l
CL) - -l -l
“e - -l -t
S0 -1 -l -1
S -) -l -1
52 =1 Ld -t
S3 - =] -l
Se -} - -
s -t -y -
Sn -1 .t »?
L - - ol
Se - - -
59 -t - -1
sy -1 -} -
LY - .1 -
8 - = .l
L3 | - -l
-~ - -1 -
ns -1 -l -t
~= -1 -1 -1

FIGURE 0-4,

||‘|
e
-
-1
-}
-
-1
-
-l
-1
-
-}
-1
=]
=}
Ll
Ll
-}
-
-]
-t
=i
-]
-
-1
.}
-1
-]
L
-}
-1
-
-t
-}
-
-
-y
-]
b
-1
-l
Ll
-1
g |
]
-l
-l
-
-t
-l
-
-
-l
-]
sl
-
L}
-1
-
-
-l
-
-
el
b
el

-1

ry
Lt
-
-
ol |
=1
L3 |
-t
L)
bl
L |
.}
-
-
-1
-
-}
=1
L
-
i
e
-l
*§
-\
-t
-t
«y
=)
-y
-1
-}
-}
-y
=)
-y
»3
-)
Le
-
.}
-l
e}
-l
L4 |
-1
-t
-
=1
-t
-t
.l
-y
-
-

-
-

P

-1
-y
-1
-

kN

RLUTTRE 1)

¢t Nun
24,y
dail, taw
Cou  uun
2ed  vuu
Sed ,onn
You,nuy
ma,00n
Son JJuw
ang 0gn
48l "un
R L I
o0 ,0nn
L R TR
aed Jun
sud 0na
ong e
Teu 2460
T2G . wuu
1¢0 nud
T¢8,uu0
ngq‘)dﬂ
bk
Ll L USRI
el vy
98l 060
“ad , 000
e 0ud
e, fue
L1ABA _Dyw
10ma 0ua
timn 0na
1Can v
L LT I
12ng oun
1290 000
1dvo,une
2000,%00
21u0,0v0
€200 0wy
2360,00y
2400, udn
2%¢0 000
enud _aga
700,00
2% 0ua
(Q-IQ' ” )u J
duun g0
9, 0N
12 ,0un
€vi, i
Sen, guy
Iy e
LR L ]
Fén, 90
D IR L
Sa0 ., Yun
LBV, w0
L€ any

Bulst Sunehisates
'

NI 000
AN v
188, %00
vyudn
’5’.10»
24%,udv
LB 1 )
3,000
ST g
d¥%,300
183,000
2,000
387,500
das, noe
135,000
v,909
587,900
2w 00u
135,000
0,909
3&T, 000
2uH 000
133,000
3,300
387,399
Q4S99
133,900
v, 000
5%7 000
das 000
133,000
L 1Y
§&7,009
295,000
133,000
«ovlo
357 J6v
249 200
135,900
2.490v
iS7,00e
cah el
135,000
0,000
2,000
4,500

v, 00
3,000
3,00u

Y 200
2,300
2.900¢
v,30v
2499
4,300
sIGu  du
“9nd 300
“Qng, 000
=964 ,299
90y, 280
=4ng , w0d
*993¢ 300
0,00
394,409
.'HJ.QQO
*Na0 0

@,000
V.0
2,000
v, who
n,0ue
¢, 000
9.,0u0
2,0u0
A, 0N
a,%0
0,000
v, et
2,300
n,0v0
2,009
y.n00
NL,0u0
2,000
Q.00
9,0ue
2,000
V,0u)
2,.%w
2.0uv0
2,000
0,0y
9,000
2.009
2,000
0,0un
f,0u0
,9wd
0,909
0.000
g,%8
c.ov0
a,0u0
2,000
e.0v0
e,o0v0
2,%un
9,000
9,900
3,000
A, 000
2.000
2,000
o,vu0
8,890
0,200
9,000
J.2v0
J,uv0
3,.%en
n,209
.20
2.70
9,000
3,000
9,0u0
1. 90
2,300
).u00
2,200
2,240
0.9v0

2.000
W,000
0,000
9,900
9.,9v0
2,300
0,000
2,000
2.000
0,000
3.,v00
2,400
2,900
3,000
Vel
Ve0u0
0,900
9.000
9,000
9,000
2,300
8,900
3,000
0.,000
0.900
2,000
4,009
2,000
a,0n0
0,000
9.200
9.900
2.000
9,000
9,000
0.000
0.000
0.0n0
9,000
¢.000
2,900
Q.500
G.000
0.300
0,000
9,000
J,u00
0,230
g.une
2,000
e.900
2.300
8.009
3,390
J.300
2,400
0,000
0,900
¢, 00y
.00
J.300
d,400
P.900
Y.279
9.1200
1,30y

INPUT DATA OF NORTH WALL MODEL (SAP IV FoR! T) 7

POOR ORIg

0-10

B i

\-&; Z :_ﬁ

pey

» A



58 - F a0~ fF LE="F w1 §
NijeBew TF prawy = 9
NUmBEw F b s TdlL P pr=ly 3EThs b
UL T P FAED Fan sl HETS s 3
NUSUER F eaTFEelaLS H i
ATERlaL FwisExTIES
wATRS AL Touthes WSy ~aS58 ag [unl omp
B, o DUty varlle Jen3tly VENSLTY
! o Imigten? 2N Ve 2. .
SLs™ LEL LTHIC we BruT ES
SECtIum ARlaL akza ynbdw AasE Smb AR aAwb . TORS LON INEAT LA [neaTia
SymeEd sl ai gy aLs) 400 ¢ (s
i L L L R a, 2. L0000k 0 L100uEed] L1000E-01
’ Jimeubel s 9, R +10008 001 L4engEeils L42B2E05
] R L L e e L10u0Ee0y RETLL T J10d6tkde
" LSulireia e Ve L1900€e01 10008001 L1000k+01
g JBLINGb ey 'y ¥ L,10008+01 o 1J0VESDL «100GE*0]
ELEPENT (b Sy T[o lenS
. 4 c b
1=0(® %o O Oe = vo
tenin N, Ve Ve 9,
t-01a o," b 9. "
570 weam pLimen! rala
mkam CNARN NODE (NS “athalay SELTINN ELEwEN, ENU 340 ~ -
Nymng o -l - .. e N e ‘: € s "c¥" ug t.“’ gdﬂsf
] { 2 - i o ) 2 1 H
2 ’ % 5 1 t G ) ] t i
) § . S 1 ! ’ v 0 1 t
4 “ - @ 1 < J 4 n g H 3
5 - 12 et ! 2 3 3 3 ] 3 "
" 1é » “! 1 é ) 3 3 4 ] 3
y ) 20 al 1 2 ' ) J ¥ J J
A e é e i é v ' : | J b J
Q 24 . i1 H 4 3 b ' b ] 3 b
19 in 3 “l 1 2 2 3 3 2 ) b]
vy o tey ol ! 2 ' 3 ) ) ] ?
1é L) i e 1 3 ) 3 J 5) 3 %y
3 art s »! ! !_ 2 3 ) b ] 3 [
14 ) od s 1 b J H 3 J i t
b d il ® { 9 . i 3 ' i {
i .} e , | t S i 3 ) J t \
1 55 e s i < b ) 3 } i i
18 ye 5 s ' . 3 3 ] J ' t
9 s ia S L . 2 » 3 ) t i
3¢ =
FIGLRE T - g Ar - . e
IGURE 0-4.  INPUT DATA OF NORTH WALL MCDE!L (Co it )
\ .
- P Al
=i



4 > 1
» -
i P T2

»

) e
e
(73u0)) TI00W TIYM HIMON 50 VIVO LNdN] v-0 914
on*o n*n npnntul v “ ne e " ow 9§
on*o ato LLDTTR ] | ° 0 on w5 S oy “
6nn [ 0 0 oy N 1 14 w?
000 o*o0 oone‘q L} " % s 1?2 w? 6w
o0*o ntn fonnte ) n w? 4 | T4 ¥ L]
no*o n*n onne*e o " L4 '2 (%] 02 (%)
[ A 0'n fune*e 0 [ ur () 51 e n?
o0 n'o onpe‘e 0 “ 9 f 21 $2
o0 e o'n nopnetq 0 " i ! “ 22
000 n'o rnoe*9e 0 n » 1 " 12
00°¢ "’ (] LAY | v n i " as L3 0e
orto rto oonotet 0 n [ "y e e w1
000 n*o onra‘ty 0 " % "y (1} ' el
o0to nto onne‘e 0 " ' s LFd T ‘t
LLA ] n*o oeoate v n 4 wpr i V2 LT
on*o n*o fon9te L] o | B3 2? M at <1
0n*n n*o onnatae L L (] vl LY s R |
vo'o oo oova‘e o v s L sk ] i1
on*o ro onoa‘e v n (R o0l a2 t 21
000 n*o onge‘e 0 o t ] ? ' 1
oo°e 0o 0000 w1 0 o o0 In i w et
on‘o o'o 00no el L] 0 3] A i "y s
000 n*o wone‘e o o 21 1A 62 (13 B
00°0 0o 0p0o*e 0 3 of 62 L v ¢
006 (] nnhe*e 0 ° w? .2 iz e? o
on*e LA nnne‘ae L " e 1?2 i “l .
LI A n*o fupo*e 0 4 wi i f " »
eo'e 0o ogne‘e 0 « "l $t " ul 5
000 (] opowte v 0 o ' 3 3 2
00°e ote or0ste 0 “ o 5 1 K \
IN3lavyn ERLEERR R L IHNECInd  SSINVIIN] M Inan = V=t b g Fodins letim o idunn -
Ivun g EEDTRE R PR P P TN ERAL R LS ] Telrdivn IEErELF] "
TRV AN Mt ape g wiug Rt
v
‘o for3st”® ‘e Loe3ng" ‘o energs* T L to "o ‘o | P\R
Ofivy (an)9 (9419 (as)2 t9v)3 tax)) Ttxv) (7)vuae (FR L (r)vuay ALlSean 9 i
INTdurO /7 S 1My S wn) 25408098 & ¢ SIMIIDT 440D S Cnmgv ) Ang iy LS ) IR

Theot Atmdra g Yotmdtom

i TANIANI Y. 4w oM
) * SEH4C 1) e Moy
“ * ALY NI

S 4 % 1 e Y TN A RS LY 1wy



0n0n0‘o gos301Imt”
0o0ga00*0 Losj001n"
ongno*o g0+ joent”
0onono*o Los300n0n"
000057 ¢ Ltosi00en”
Lo Tudnn"
Losjoonn”®
toe30..."°
(0+300nn"
L0s300mn"
e0+302¢1"
Qosjos21t”
[LERLLE LN
g0 921"
(osj0095 "
(os3000¢"
L0s3009¢"
1039
(ns3009¢"
(os1009¢"
{0s0009% "
Q0+ 30901"

N[ awr] IR}
ININAS

(73U0)) 1I00W 1IVM KIMON 40 VIVO INdNI -0 N4

LR R
ey

-

0
°
0
2
L]
0
L
0
o
n
L)
o
L
0
L]
L)
0

NOLLY LN
D341 48

..

IR T
Slxe=a

.

L
L]
0
‘o
0
0
0
0

i 1Ivlagin
CRIRAREEL]

g 0
0 *n
‘9 0
. 0
" ‘o
. 0
n *&
.3 .°
“a ‘o
n n
“a ™
1IN twiiw
Sive=r

(Y1 « v N 2 )

n o
L] L]

Y W

) n
n 0
L] L]
L n
n 0
L n
n L]
L] 0
0 n
L] n
0 0
n n
0 n
L] b
L 0
L 9
n o
0 o
[ n

(vw) 000 Hw
wNliew i dn & e,

*o0 9 LR RN

n ol ad andynr®

‘o " LR TR T

‘n " nae g tuup®

*n “u DT IR DT

| " InSugpr”

n *9 RN LT ¥ A

‘o *y nue g inng”

‘o % DTN T

‘n 5 ree )

o o LU SRR N
sy Vinoog Pime
Clvesy Clew=1 Slee-v
S$ 1€ g v o (U B I LT
L) a9 " 0 wa
1 L] n " o -
U " 0 n “d
1 n o “ L
1 " W " FE
1 " " " e
| o " " we
] “ n " n
1 " n " as
1 0 b L LS
t " " n i ]

] n " 0 L]
' " " " ng
1 " A L s
i L “ o N
1 " " " LAY
1 w n o 15
1 n L " L
] " n " 'l
! " u " "
] " 9 o v
1 - n " on
nw L L ] LIS ] tr+ (1

iy IR R E RN ER R B LR N 8 S N R A

Duanan wanta PR IR |
() seny tyrace i) ise

e drtaly v

» 2 e

.
' te
i s
1 i
1 ne
1 L4
| 1¢
1 et
! 1t
) ~
1 5
i i
e “ it
v o
il e g w
LL ez
we t2
" 0e
8 Ll
i Wl
Ll 4 (A
"2 a1
wy st
2" ni
o A
" 21
-n 13
"o a
b | s
4 "
s I}
-2 a
ne %
) "
1 '
- L4
- L]
v ERLE UL
LR vty
rvaanta
ter ) '

120y e vl

L 4y s lvenn

s vy

0-13



TIYM 1SV 40 T300W INIWITT JLINTS  “S-0 Jun914

b op b8
[+ L ) W ;
£3 <3| L45°
®
Q) - m
X qm.pm' -
® i i Bk
CRECEECENECEEONECHEONECI: KO
19— §=— 5= Ip=— [p=— H=-— (= Jr=—— :.\nl

( e prrop oy penear) Fot D 10 Lane) oy vas_.‘;.;ewv .c_.\ﬁ Sleby -

om w9l — P2
:03 gy — —

o-14



CENLRATED wUCAL Data

~0ot BUUNOARY CONDITIUN CODES NNOAL PUINT CUQAQINATLS

NumsER 1 4 l L 'y 22 ] \ b4 L
1 ] 0 -l - -l -l 2,000 357,000 8,900 0.000
2 L] 0 -l -} -l - 9,000 273,009 0,000 2.500
3 0 0 -l -l - .l 2,000 199,000 9,900 0,000
N ] bl -l e - .l 2,000 195,000 9,000 9,009
] L] 2 -1 -l -] | 0,000 2,000 2,000 0.200
. ] bl -l -l - -l L8000 §87,800 9,000 2.000
: 0 ° -l -l -1 -l 119,000 273,000 0,000 2.000
L} ] 0 ol -l -l el 116,900 189,000 9,000 d.000
? 0 ] -1 -1 - -1 116,090 105,000 2,000 9,000
10 0 0 .l - - ] 114,000 0,000 8,000 0,300
11 ] ] -l - -1 -l 228,000 387,000 2,000 9,000
12 2 9 -l -l -1 -l 228,900 273,600 2.0v0 2,200
13 s 0 -l -l -1 -l 228,000 189,300 0,000 9.u00
19 ? B -l - -1 .l 228,000 109,008 2,000 0,900
15 ] ° -1 -1 -1 ] 228,000 9,300 0.090 0,300
e ] ) -l - - - Ja2, 0300 387,000 9,000 9,000
84 ° 9 -l -l -l -1 3e2,000 273,000 0,099 2,900
18 3 9 -l -l - -l 342,000 189,000 0,008 5,000
19 [} L] -l - - -l Je2, 000 109,200 0.009 3.000
20 ] ] -l -1 - 0 342,000 2,000 0,000 0.300
21 ] ] -1 - = -1 458,000 387,002 9,000 9,200
22 ) v -l - -l -l iSe,000 273,000 9,000 Q9,900
23 ] ] -1 - - -1 45e,000 189,000 0,000 0,900
24 2 0 -l -1 -1 -l 4Se,000 109,000 9,000 0,000
29 9 0 -l -1 -) Q 458,000 9,000 2.000 2,300
2 J ¢ -l -1 Ld! -l $70,000 387,200 9,000 0,000
27 k] ] .l -l -y -l $70,000 275,000 0.0090 0,000
28 0 3 -l -1 - -l $70,000 189,000 9,000 0.000
29 8, 9 e -1 -l -1 $7¢,900 105,000 0,000 0,000
30 3 7 -l -l -1 0 $70,000 9,000 29,000 9,000
31 0 2 .l el -1 -l 884,000 387,300 0,080 9.009
32 0 L -l -1 - -l o8e 000 275,000 9,000 9,000
33 L 0 -l -1 -1 -l 884,000 189,300 9,000 9,300
1 9 3 -l -1 -] -1 084,000 109,000 0,000 2,300
15 e N “l - -1 ] 08s 000 3,000 9,000 9.000
3o (] ? -l -1 -1 -l 798,500 387,000 9.000 9,000
37 ° ? - Ll -1 -l 798,000 273,000 2.000 0,000
38 9 3 -l -1 -1 -l 798,000 199 000 2.000 9,000
19 ) ) -l -1 -1 -l 798,200 105,000 0,000 9,000
s 2 3 el -1 -1 ] 798,200 9,000 9,000 0.200
sl 0 ] .l -l - -l 12,000 387,400 2.9800 9.000
a2 0 bl -1 - . -l 912,500 2v53,300 0,000 $.000
a3 9 2 -l -1 - -l 912,900 189,300 8,900 3,000
as b] 9 -l -1 -1 -1 912,000 185,300 0,000 9,000
'L 9 ] -l -l -1 ] v12,000 9,000 9,000 8,900
as 0 - .l - -1 - 192e,300 387,000 3,000 2,000
87 ] 2 -l - - -1 i32e,200 273,000 9,060 9,300
L1 b 3 - -1 -y .l 1328,000 189,309 0,308 9,300
e L) 2 el -l -1 -l 13¢0,.3%0 199,000 9,000 T.300
LT 3 3 .l -1 . 2 1029, 200 9,300 2,000 3.000
S ) ? -l -} -] -1 11ed,000 387,080 9,000 2.300
s2 ) v -l -1 -t -l 1140,200 273,300 9,000 3,000
53 2 3 -l -l -1 e} 110,000 189,300 9,200 2,930
4 L] 2 .l -l -1 .l 1140,200 135,000 8,000 3,000
£33 L] ? .1 -1 -1 3 1180,000 9,000 9,990 3,900
Se L} 3 -l .l - -l 12%«,300 §87,3490 9,300 2,090
57 9 3 el s -1 .l 12%9¢,300 273,300 8,090 8.30¢
S8 e ’ - -1 =1 -l 1254 ,000 189,300 9.000 9.500
<9 ] 3 . -l - - 12%¢, 500 19%,3900 3,000 2.000
.d ? 2 -l . -1 b 12%4 000 9,900 9,000 3.000

FIGURE D-6.  INPUT DATA OF EAST WALL (SAP IV FORMAT)
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L] ° ° -l -l -1 -l 1308 ,000 3s7,000 0,800
»d 3 9 -l .l -\ -1 13508, ,000 215,200 9,090
s} 0 K -1 - - -l 1308,200 189,000 3,090
e 9 0 -t -l -1 -l 1308 200 139,200 2,300
»s L} ) .l -1 -1 -l 13e8,200 9,900 2,300
s -1 -1 -l - -1 -l 2900,040 0,900 3,900
8’ >4 -1 -l -1 - -1 2108,33)3 9,300 3,000
a8 -1 -l - - -1 -1 2218, 007 3,000 2,000
»9 -1 -1 -1 - -l -1 232%,000 8,200 2,000
70 -y -1 -1 . -1 - 2435,33) 9,200 9.000
T -1 -1 -1 -1 -l .l 2541 007 9,300 3,900
T2 -y .l -l -1 - -1 20548 ,%00 9,960 0.000
73 -1 -l -l - -1 -l 2758,33) 0,390 9,000
Ta -y ] -l .l -1 -l i800 807 2.000 2.99¢
5 -y -l -l -l -1 -l 297,400 0,000 0,30,
Te -1 -1 -1 -l -1 -1 3083,533 2,000 2,200
7? -1 -1 -l -1 -l -l 191,807 3,900 9,000
T8 -1 =1 -l -1 -1 -1 3300,200 0,000 0,800
s -1 - .l -l -1 -1 0,000 =900,000 9,000
L1 -} -1 -1 -1 -t -1 114,000 =909,000 0,300
LT} -y -l “l .l -1 -1 228,000 390,000 9,290
LY -t -l -l -1 -1 -l 342,000 «900,000 2,200
83 =1 el el el =1 e 4Se,000 «999,390 3,200
LT -1 -l -l -1 -t -} $70,000 949,200 2,300
(1] -y .l -1 -l -1 -l 844,000 990,300 9,090
L5 -1 -l .l -l =1 -t 798,009 =900,300 2,000
87 -1 -l -l - -1 - 912,090 990,000 3,000
LT ] -1 .l -l - -1 -l 1028 ,0400 990,000 9,900
L1 -t -1 el -1 -1 -1 1140,000 990,200 92,300
0 - -1 -l - -1 -l 12%4,200 960,000 2,900
9 -1 -i -l -l .l -l 13e8,200 =900,000 9,900
"2 -1 -l «1 -1 -1 -l 1500 ,200 $0¢,000 2,090
.
370 B E 4 ELENNENTS
NUSEER OF 3E4ms = 28
NUMRER OF GEUNETRIC PRQPEATY L "3x S
NUMBER OF FlxgD £nN0 FORCE 3ET3 . 2
SUMSER OF maTealals . 1
“AaTEALAL POQOPERTIES
wATERL AL YOUNGeS PULSSONeS a5 wglGnT
NUMBE S “ouLJ8 RatiQ SENSITY OENSITY
i Jedoken? 2000 9. e
BEam GEUMETRIC denpEarTiin
SECTION silal amfa IeE AR ARER SmE AR ARED TURS UM INERT I
NUmBER act) M2 Ay PSS itd)
1 «2080€ 000 2, e, 100020y} «1000E2)
2 JHr1dogeae : I8 L1000€+0 J1300E 31
3 JAGCED] 2. 3, L1090k e0) s4202E908
4 LAT95¢8404 2, 9, +1000E«0" J1000€00y
s ST00C 00 2. 9. 1000809 W100QEe
=t Ay -~ » - ’ ¥
FIGURE 0-6. INPUT DATA QF EAST WALL (cont.)
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Mall
]nbscvtptlon
Ist. Story

[North wall
Vault wall

Cent v Nall

South Wall

tast wWall
West Wall

Veull Wall

ind. Story
i'lu'“l wall
Vault Wal)
Center Wall
South Wall
leest watt

West Wall

Vaull wall

* (Meight of Parapet Wall ove Koof)

TABLE 4-2{a)

Wall Element
Identificat ion

> - :— e - - -
YT &5 SPSE Sy &k

~ -
AL i NG o o
' »mo » o » o
-y >
- - -

-

Wall
hichness, t
(in)

"o

oo

STRUCTURAL WALL ELEMENT PROPERTIES

wall el —
*'rl. L] « 1 th, | ;
In) In) (%)
154 516 3096
154 564 6264
154 60 1440
154 126 3024
154 a2 4920
154 264 2040
154 108 1080
154 216 2160
154 a9z 2952
154 636 W6
154 84 sigd
154 828 968
154 a 288
154 12 2
154 A 2844
154 “02 2412
154 252 048
— -——‘-— ——— e T ——
154 1200 ! 10080
163.5 222 5328
13 1200 12000
1se(m) * 1200 1200
163 s:n,sl ™) 5184
163.5(2) 5 9z 5412
163 5(21.5 252 1512
163 5(21.5 1074 6444
1638 252 6048

Flesure
Mosent of
Inertie, |

(in® « %)

S — —

~

RIS =£8 3¢ e-vf a0
seh S ap=n Bw Ow

w

-
~
e weNnw

SR p—



TABLE 4-2(b)

JTRUCTURAL WALL ELEMENT PROPERTIES

| Wall
j Wall - . .
Thickness | Flexural R;gfd1ty, D* |
(In) | (In"/1In) 1
| ——
! 6 | = 39.4
e oy 83.3
: 18 N 486.0
!
| 24 s 1152.0 J'
* D = Moment of Inertia per Unit Wall Length (Loading No'mal to Wall
Surface)
PUUR QQ T 62"
'\3"
oAl
= EDST



TABLE $-3  STEEL STRUCTURAL MEMBLR PROPERTIES
. Structura) worger Oepth | "‘Z' } :l,'o' iy _- '_- ':""ﬂ_o’_' Ras
Lomponents | Desigration (in) | {1a°) | ey siia®) | {(1a%) | S’
I' ‘ ! |
fgof Lruss frame Gwl? : 8 : $.01 56.8 4.1 7.44 .8
2u2e { 8 { 796 2.5 | 2.8 8.2 | 4.8
‘ vt { 18 | 10.3 s1.0 | 2.9 | 185 R
1 | h 6. Wb v 17,
Ll R i il . ‘1[ { 6.9 : 0w .V | 118,90 1 .0 i o
doof truss diagemall  1-1/2% | “ I 1.76 ! - . - P
par dar i | | { :
! i | | i i : | W
%of truss sugport |  10C15.3 ‘ w | e | ere | tas | 2z | v
® zenter wall | l | (wed thickness ‘ { |
| | | +0.20) J | '
) R el ! " TChords] | ! { i -
Roof Joist | saLs10 | 1 | 4.00 | 1808.0 | 82.0 !
20m8 = 2 228 206.5 9.0 | - b o.
1243 12 1 0.3 | 28.9 | 4.7 ! !
) i ! : ' —
Roof deck ( 2204 | | (per 12 ta.) | (Per 12 tn.)| (Per 12 3n.)| E
Type Bl 1.8 i 0.87 | e8| 0.2 | - .
: Sranco | | | | | i
b, Stesl Deck { | J i [ |
E: E | | Y ! ! ro
Joist Sridgieg  L)-ldalae L 128 | 0.3 | a0 | o008 | ao08 | ca8
|2 1/8 (dragonal’ { | ‘ ! i i
L 2-1/2 x 2-1/2 , 2.5 i 0.42 . 0.55 | 0.30 ; 0.5 | 0.3
{2 3/16 (rorizontal) | { | | . !
I \ | 1 [ | b N
%of Jeck fdge | L3 axldaxl/a . 3 i 1.69 - 2.0 | o.79 | 200 | 0.79
Support Beams i a7 | 3 | 5.0 | s6s | .1 | 7.4 | 2.83
! aw2e 3 ‘ 7.06 | 2’Ss | 20. | 8.2 | 5.8
i : } ¥ 1 '
H T 1 ) ’ R T e
na. Floor Slan awid , 3 s 2.96 I w8 | 180 | 2.8 1.6
Suzoort 3eams Tam 7.2 , i | 5.08 1473 2.1 L 2,68 1,33
| 16w26 i 8 | 10.6 “wrg | ses ! s 8.3
- ! . - —
ng. Floor Slab suz. : 6 | 5 38 45 13.4 13.3 42
Suppor: Zaluems | 342 3 726 8 3 20.8 18.2 §.51
| 10w33 | 10 9.7 7.0 5.3 36.3 3.6
S P i 2208 (Per 12. tn.} | (Per 12 in.} (Pee 12 n:) o
lofar Granco 1.8 0.33 g.18 3.18 - .
Steel Deck
iterior 3lume icr.28 s 2.13 439 2.29 0.43 1
wicnor Strags (weC IMighness
0.32Y)
£-3 EDRC



~ TYNISIYO ¥ood

Structural
[lement

Flate, Kulied Shapes
and Miscel)ancous
Structural Steel

Root Truss
1-1/2" § Bay

Steel Koof Deck

HELM Series Juists

Kernforcing Steel
Below Grade
(I} Dowels)

Keintorcing Steel
Avove Grode

Structural bBolts

Miscellaneous
Bolting and
Connec tions

Walls

1747 9 Stud Anchoe
(MO} psy (oncrete)

P 3T Clevises

R B N T

o 5% Tare Buchies
]

* Estirated Value

TABLE &
Min
Mater ral S
Ieatificet ton [hst)
ASTM Ade it
ALIN Ase %
}A:lﬂ Add) (42)
ASTIM AS2
ASTH RS0 i3
rade C
ASTM AZAY S0
ASIM B1S 40
G ode 40
ALin ey (14
Lrade 60
ASTE ARZSE 1" 9 L1
«\" 9 »
AsIM A0 it
Structursl
Concrete
¢ U6 days
|
; Pullout
"Rel Vesd”
! Sheat
2$

& Foference 15

4 STHUCTURAL MATERIAL PROFERTIES (TEMSILE UNLESS NOTED)

| ower
duund
{es1)

40

W=
(46.5)

® 5
54

uls)

st

97

0

&

lata

Tield Strength

Moedian
(hst)

a4

4
(52¢)

‘0.

S

awl®)

“(o)

”.
100

4

Upper

48 .5+
(57%)

44

61

”(o)

0.5t0)

93+
104

49

(b) Reference 16 Data

Material
Certification
Range
{rsr)

41 5430

43,3476

61.9-12 %

Ultimste Stoenaln

LU | Lower Upper Max
Spet Found Fedran | Bownd |Spec
(ksi) | sy fhsv) | (asi)  f{kst)
S8 b4 bl 13* 80
“8 (Y 64* 13 Bu
(60 -63) 67*) (22%) (28+) | (25)
82 56.5° b0 b4
10 16* so* #e -
0 16 HO* O
90 g1 o 109*
105 1o 114 1y
120 125 130 (ET
60 b4 68 13
3
P — 34 40 )
ston)
(xip) (kip) (kip)
85 1051 12 .2*
12.0° 14 4 Voue
v 8* 1ol 133
B VoS 1age |

Parerial
Certification
Fange
{ast)

66.3-72.%

o4 567 8

9. 71-19.2

4.1
(35814
days)
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Wall
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72" : s y " 72"
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47‘2"L = i J e

\
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Nerth Wall
" Vault .-
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E-W Vault Wall Y
5:L-A 72"
ST
Center Wall
3
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HIGH BAY ;
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|
]
RS -
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L s~ 5| | . i laed
Eat et — — e
T a92" \ :
396"
o Center Wall .
L A
T ]
|
) | . T
' 84" § 1 & —
P g T
South Wall
L _
ke 1368" .
: . Vault -
: 2 A
' [ |8 ‘i
. 1 pr— ', i ;
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gt = T
43 gast Wall
1 13
l S— e . e ey,
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252" =
Toas |
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’."’~1.”z‘c'm“b/‘!

Py + T = 160.8 To/Fe
Py ¢ C e 2081 IB/RY

14,6,

|
,: : 155 'yp 4p0 297
| OFFICE AREA : b i |
’,,»--v . Heaee _L
! wl{ 16.6 15/%F : g Py ¢ € o 1901 TW/FE
229.2 \0/Ft | 1~ 54 - 3 =
—‘L-Q:,\\.- n---.\ss./c;ylr.-:r‘r: ’g‘}“& ”.E{.ﬁ.\vq
1N ' |
PR | B S T e RS . 102,1 10/F2 ’
AT + 78 » “1 \ i | AT + 78 » W
2 , | ?
. 3357 10/Ft N\, s s
{
7% | 18 15/5F !
1
H HIGH 3aY i
I’ ” ! a
! ll . » /
-L% — |
! e o

AT » P9 + P, + 38, # C = 478.3 1b/Fe

(a) Roof and Wall Weights

ENE Setsman O bt
T/ ey, B 1
| ZorFicE meA S} || 2
{ / s 1
» | 7 < ; S
s MR MLV i
‘ l I s Vd . . (=5 U8
— s ' PMENT 4R
iE T NIPMENT AREA |

P

(b)

FIGURE 4-4.
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LEGEND:  FiGURE 4-3

sALL WEIGHT ABOVE R00F LINE

M,  South ard north daraget wall weignt = 1355 1h/Ft

M, East and wast derapet [average) wa!l weiqgnt s 48.3 15/Ft

N; North vault seripet wall weigne = 187 5 lp/Ft

"Wy East and west vauit parapet (average) wa!! weight = 112.5 13/F¢
’u! South vault parapet !l weight = 120,30 ib/Ft

Pq Parapet deam weignt » '80.4 1n/ft

ar Roof truss eeight = 106.5 1biFt

<

B, Jorst (south wall] sucoort besam weignt » 26.4 5/F:
saz Jaist (nortn wal')l suoport Seam weignt = 8.7 1n/F¢
RS Roof tryss [center wall) support weignt = 10.5 15/F:
C Ligntweight concrete roof cants » 48.1 1p/F:

R00F_O1STRISUTED JEIGHT

- e UIPMENT AREA R00F
SEPFASIR- Do B2 Tape Built-up roof 6.2 1b/5F
insulation 3card 2.3 10/5F tnsulation Saard 2.3 1b/8F
'hnl.ud 2.2 10/5F Metal Deck 2.2 1b/%F
Joists 4.8 to/5F Jaists 1.3 10/5F
Juctwork § Fiect. 2.5 1b/SF DuCtwork & Piping 3.0 15/%F
18.0 10/%F 15.0 18/SF
OFFICE AREA 209F YAULT R00F
Suilt-vp rocf 8.2 lo/SF 3" Concrete 100.0 16/5F
insulation Zoard 2.1 o/SF 2.5" Grout B2 Wi
"eta) Ouecs 2.2 WSk Strong Sack Seams §.2 1o/SF
. it Suilt-up roof 5.2 10/SF
Suspended Ca1''ng 2.0 To/%F & g
Juctwork § Clect 2.0 16/SF 0.5 58
6.8 18/5F
SLCOND FLOOR DISTRIBUTED WEIGHT
UFFICE AREA CIIPMENT AREA
4.5 Congrete slao 45.0 10/5F 5.5° Concrete slap 55.2 1o/5F
“wtal Jeck 2.2 \v/5F “eta! Jeck 2.2 o/SF
Juctwore § Slect, 1.8 10/SF o', "work b Elete, 1.§ 10/SF
deam Supports 1.7 To/SF leam Suppor:s 1.7 1b/SF
Live Loag 18.3 10/SF fquioment (Fans 4 Pumos) 10.0 1y/8i
§2.5 18/SF 12.5 10/5F

FIGURE 4-4. OISTRIBUTION OF DEAD LOAD (Sheet 2 of 2)
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L1=3

TyNI3N40 H00d

‘Ib

o

- §

tgutpment
(omponent

Glove Bos Structure

and Aiaciments

Glove Box Support
Frome Tubing, Gas
Piping

Glove Bus Level tng

Bolts, Pipe and

Duc t Suppurts, Mis-
cellaneous Bolting

and Connedct lony

blove Box Window

Eahaust Dt

Storeye Luntatner

578" P Stud Anchar

(3000 psy Concrete)

-

o6l Yo
(ASML 5B 241)

olul 1o

of weld)

ASTM ASY
Grade B

ASIM AS0)
(A36)

3I/8" Acrylic
Plastie {(Ruhw &
Haas (o, Flext
glas &)

SIM A4
brade A

ALTM ALY
Lrade B
“Red Pull-out
Head”

Shear

(Ancaled Sheet)
(ASML SA-Z40)

(within 1.0 yneh

TABLE -2

taterial Min. Spec
Identification (ks
AIS) 3080 (16-8) 2%

i L]

20°

%

1

3%

Estimated Value

Flexural Modulus of Ruplure

(O 2% offser)| 30*

10.2% offset)

' [ Lower
Bound
(kst)

35

2).8v
9.5*

40*

w.

39.5*

Yield Strength

“Nbdc;'
Median ' Bourd

(kst) l (ks1)
M- 8.5
a“9- -1

23.%* 26 .0

43 49"
a“- 48 .5+

41 45

4“9 a

Ultisate Strength
Win.

Spec
(kst)

0

4

4“5

T | Lower

(ttoi.

Bound
{ks1)
8-

a“s

7.5

use

“.

l’..

49 5
65

€2

-(ltwi

7.9*

CQUIPHINT MATERTAL PROPERTIES (PENSILE UNLESS NOTLD)

Median
(hsi)

85

a9*

69"

164"
54.5°

oy

7 A

9.5

Upper

{hst)

89
49
30.5*
4

13

1%
60 L~

74

(kip)

Modulus of Elasticiny
€, psio» 20°
{average)
80

0.0

.o

9.0

9.0

045
{0.35 - 0.%)

%0

290
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