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Dr. Rcbert P. Kennedy
Vica. P ~.s1' den * m'".A. V ".'3 ~~"
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En;;i teering Decision Analysis Cc: cany, Inc.
2400 '4ichelsen Drive

c, la.
. . .

Irn.ne, Ca11tornia a

Re ference: EDAC Report 175-050.02, "Stmctural Condition Doct=entaticn
and Structural Capacity Evaluation of E.cccn Nuclear Ccmpany
Mixed Oxide Fule Fa'crication Plant at Richland, Nashington
fcr Ear-hcuake and Flced -- Task II -- Structural Capacity
Evaluaticn, Vol. I Seismic Evaluawicn'
.

Dear Dr. Kennedy

We have reviewed the referenced report and found it to be a clear
and well organized dcctment. Cur major ccace ns are in r.eo areas:
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We believe additional justificatica is needed in these two areas
of concern before we can release this report for issuance.

If you have any cuesticas or need clarification, please feel free
to centact us.

Sincerely

Y / Ai ?
C*.

/

?? n
'

< sw.

C. K. Chcu D. W. Coats
Engineer Engineer
Seismic Safety Margins Research Structural Mechanics Group

Program Grcuo Nuclear Test Engineering Division
Nuclear Test Engineering Divisica

DNC/CKC:ca

cc: J. Ayer. (D'SS)
& w- -= =). .

D. Wesley (EDAC)
D. Bernreuter, L-90
R. Mrray , L - 0 0
F. Tckar , L-90
D1 File
FU-C File
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SYNCPSIS - TASK II

Tt s recort presents toe results of the Task II -- Structurai

Capacity Evaluation of the Exxon Mixed Oxide Fuel Plant (MOFP), located
at Richla'.a, Washington. The purpose of the Task II effort was to evalu-

ate the structural cacacity of those building structures and critical

equicment ccmponents wnicn coulc pctentially release nazardous chemicals
into the environment from the 'dCFP facility as a result of damage ~-
failure during an eartnquake or #1 cod. This report summarizes the struc-

tural capacities of critical building and equipment systems as subjected
to earthquake-induced ground shaking. A second volume will recort capaci

ties to resist ficod-induced loadings, when such loadings are determined
for the MCFP site by other NRC consultants.

-

The Task II effcrt focused primarily cn the building structure
as representing the final confinement barrier for release of hazardcus

chemicals. The designated orccess ecuipment such as glove ocxes and ex-

haus cucting were also evaluated for structu 21 cacacity. The Icss of
crimary confinement due to (1) direc: glove tcx failure, or #r m :C ir-
cirect glove bcx camage caused :y interacti:n with adj acent ecui men: a r.d
connecticns. is icentified as the ;1:ima.e mcce of release es;1:irg fr:m

ex reme ear , quake nazarc. The struc";ral ca:acity cf : e cuilcing struc-

ture and associated ecui: ment systems .s related to the ultimate mcde of
relasse are acdressed in this recort. Ccera f cnal and functicnal as;ects

of :ne facility are not addressed in :nis report.

The 'dixed Cxide uel Plant is a windcwless, one-s::ry nign bay
(with attached twc-story ef# ice area) ccmcination precast / cast-in-cla:e ~
ccncrete auilding ccnstructed in 1971. The building is accrcximatei/

scuare in plan witn a leng:n-to-width ratio o f 1 1-:1. All fuel anu#1c-

turing and prccessing is conducted witnin tne hign-Oay area { ne-story |,

o. -
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separated from tne two-story office and locker areas of the building of
a 10-incn, reinforced concrete wall, The second-story floor area is a

concrete / metal deck ccmposite slab succorted by beam and column framing.

A one-story, high bay reinforced concrete vault with minimum 15-inch
walls is located in the north-east corner of the building. The b .iding

roof is insulated metal decking sucported 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 steel 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; ..nich are ancnored to the
walls at tne roof line. The horizontal roof truss is a unicue structural
featuer of the MCFP building. Tnis structure is external (above) frcm the
deck diaphragm and does not support any roof dead load. The functicn 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 co.'sidered to resist seismic
forces as two indecendent systems; one for each mcjor building directicn,

north-south and east-west. Because of :ne diachragm ar.d truss flexibility
and general configuration of tne 'dCFP building with regard to mass and
structural rigidity, :crsional coupling Of tne two systems will be negli-

giole. For bo:n systems, :ne roof and tre tri:utary wall inertia is :-an:-

ferred to tne active tanel shear walls ay :ne dia:nragm and r:c f trus s .
The exterior walls are precast, ti l :-u reinforced concrete Daneis uni:n
are joined by cast-in-place columns be: ween each :anel. A cas -in-c' ace
recf edce beam joins the columns and panels around the entire :eri:nery of

tne bui, ing. ?anel reinforcing steel is extended and hooked wi-hin ne

column anc :eam reinforcing cages. Each canel is placed u:on tne fccting

walls witn a mortar bed. No pcsitive ccnnection exists between the fccting

fr cticn 'andwall and eacn canel. Shear transfer is effected tnrcugn cane' i

cowels with shear keys at eacn column #:oting. The in-; lane wall seismic

sheir forces are transferrec to grade througn the ccmbination wall anc

t ") ~ as
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spread concrete fcotings. Floor slabs are supported at grade without
ties to the wall footings.

The evaluation of the structure, in terms of ground acceleration
capacity, utilized equivalent finite element dynamic models to assess the
ccmpenent stress levels associated with a given level of ground motien.
Tre controlling collapse capacities (1.37-1.30 ) were all associated with9

loss of diaphragn and truss support for the panel walls. The values of
ground acceleration capacity were based upon the uncoupled response of tne
structure in each principal direction as determined from the independent

dynanic models. The acutal behavior of the structure for ground moticns in
excess of i.3g will involve joint slippage at tne panel / foundation wall in-
terface. Eeyond this level of ground motion, the two iateral force systems
w''l beccme coupled due to torsional effects. However, further refinement

of tne MCFB collapse capacity to establish a precise value within the range
1.3-1.Sg appears to be unwarranted wnen the associated return pericds

0( > 10 years) are taken into account. Thus, for purposes of the natural

hazard study, the median collapse capacity of the MCFP building may be
estinated by assuming the median seismic ca;acity of the north-scutn force
resisting system (1.37 ) is the controlling seismic cacaci ty. Based uccn9

:ne statistical uncertain:y bound analysis, the estimatec standard deviaticn
uccer and icwer bcund seismic capacities are i .C99 and 1,7Zg res ecti /ely.

The interior cartitions and secondary ar:nitectural systems in
tre critical areas co nct sustain major danage price :: diaphragn #1ilure
anc, therefcre, are not themselves critical in terms of release of hazard-

cus material.

The ecuiccent items exnibit a higner structurli cacacity tran :ne
structural systen anc are generally only affected oy total 'acility collarse
or by the large relative disciacements between the ficar and the roof aaich
occur just price to ccila:se.
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1. INTRODUCTION

This document presents the results of tne structural evalua-

t.on of the Exxan Mixed Oxide Fuel Plant (MCFP), located at Richland,
Washington. The report is submitted in accordanca with Contract No.

5453703, dated 2 May 1977, between Lawrence Livermore aboratory (LLL) of
the University of California and Engineering Decision Analysis Ccmpany, Inc.
(ECAC1 The Task !I Structural Evaluation and prior Task I Condition Docu-
mentation by ECaC (as defined in ie referenced cc 'ract) are part of an
overall natural hdrards evaluation (Re#erence 1) performed by a group of
consultants expert in the varicus hazard fields. The study is sponsored
and directed by the Fuel Reprccessing and Recycle Branch of the United
State Nuclear Regulatory Commission (USNRC). The natural hazards study
includes evaluation of several facilities at different locations within the
United States. EDAC is resocnsible for the structural evaluation of these
facilities for both eartnquake and flocd induced loadings.

Exxcn Nuclear Company (ENC) cwns and operates the MCFP. The

VCFD is located adjacent to tne Cepartrent of Energy Hanford reservaticn
cn a 150-1cre site wnich lies witnin :ne nortnern city lim :s of Rical nd,4

nashington. The site is a:crcximately 1.75 -iles wes: cf one :ciuncia

River. In addition to tne VCF?, tne site contains a ;ranium oxide fuel

clant which is located accroximately 110 feet # rom :ne "CF?. The "CF?

tuilding aas cunstructed in 1971.

The evaluation of possible #icoding at :ne VCF? site (Re#erence
2) nas indicated that tne site is subject to #lecding. A structural flccd
evaluation will be in'luded as '/clume :: of :nis report. Therefore, One-

analyses discussed in tnis report consider only seismic icading ccnditi:n
anc focus on : nose por*.icns of the structure and cesignated cri:icai equip-
ment items whicn can result in the loss of a confinement barrier for hazarc-
cus chemicais.
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The structural evaluation effort was broken into two pnases or
tasks. The Task I effort encompassed the documentation of the present

condition of the "CFP facility including a review of craw.ngs and scec fi-i

cations related to the -tructure and critica' equicment. The Task I report

(Reference 3) identified the critical locations within the facility, pre-
sented details of the critical process equicment, the structural systems
which are able to carry seismic loads, and described the analysis precedures
which would be subsequently used in the Task II seismic cacacity evaluation
of '.he MCFP facility. In addition to croviding a data base for strCcturs.1~

evaluations by EDAC, tne Task I condition documentation is intended to pro-
Vide structural data for the extreme wind load evaluation by other consul-
tants.

The Task II effort enccmpasses the analysis of the building
structure and all critical equipment in order to establish the ground
motion acceleration which causes the structure or critical ccmconent to
collacse or to result in loss of confinement of hazardcus chemicals.
This report describes the results of the Task II analyses which are pre-
sented in the following sections.

Section 2. Facility and Site Descripticn

Section 3. Evaluation of Structural Senavice
Section '. Evaluation of Critical Equipment
Section 5. Structural Damage Scenario

Section 2 presents a brief discussi:n of tne E.<xcn #acili "

layout, its criticai areas and general structural descriotion, ::gerber
witn a brief discussion of tne general seismici y of tne region. Section

3 ; resents t,e seismic ca;acity esaluaticn of tne building structure in-
ciuding a descricti:n of the structural systems, a discussion of the
analysis crocedures used in ne seismic evaluaticn, and a description of -
eaca of the structurai benavior mocels together witn the analysis resul'c
;ertaining to the collapse or confinement breacn of tre building structure.
Similarly, Secti:n a cresents the evaluation of the critical equipment

x . <;n " _1_M__m&
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items, again describina the analysis procedures and the resul ts. Section
5 sumrarizes the capacity evaluation of the MCFP 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.

.

e

e

O

k..k*

,



. _ .____ _ . . .-

2. FACILITY AND SITE DESCRIPTION

.

This section of the report presents a brief discussion of the

structural infornation pertinent to the Task II seismic capacity evalua-
tion of the Exxon MOFP facility. A ge ;eral structural description of the

MOFF building is given together with an identificaticn of the critical
areas and a discussion of the site seismicity. The interested reader is
directed to the Task I 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 lla ft. and is 28 ft.

in height. The general laycut of the facility is shown in Figure 2-1.
All fuel manufacturing and processing is concucted within a 76 f t. x 100
ft. high-bay a,ea (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 witn minimum la-inch walls is located in tne
ncrtn-east corner of the building. The buildirg rccf is insulated etal

decking supccrted cn steel cpen web jois:3. Tyaical building sections ara
shcwn in Figures ?-2(a) arc (b).

The crimary vertical load resisting system of the MCFP building
is a steel roof deck, witn built-up rcofing, supccrtec by long-span caen
ae joists scanning ne high bay and af# ice areas aitn succcrt coints on

One scu:n, center, and north walls. he succor of the joists along :ne

scuth and norin walls is acccmciisned with steel collec:ce beams wnicn
transfer tre vertical load into succcr: cetails (as shcwn in appendi r E)-

provided in the cast-in-clace columns spaced a: a;pecximately 10 feet.
The columns in turn bear u;cn ccccinaticn and spread concrete #:c:ings

. . . -
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resting upon the natural soil materials. The foundation footings are

founded at least 2 feet below tne site surf ace. Flcar slabs are supported

at grade by the proc,-rolled natural soil su face withcut ties to the wall

foo ti ngs .

Tne vault roof is an eight-inch reinforced ccncrete slab with

additional strengthening provided oy wide-flange steel beams which are
attached to the slab by bolts through the slab thickness. The slab and

roof teams transfer the dead weight directly to the vault walls.

In terms of lateral force resista e, the MCFP build.cg struc-
ture would be generally cla2.1fied as a shear wall box system tied to-

gether by a relatively flexible steel roof diaphragm. The major struc-

tural elements of the MCFP are identified in tne expande iscmetric view
shcwn in Figure 2-3. The exterior walls are precast, ti ~. t-up reinforced

concrete panels (t = 5", w = 108' h = 336") which are f,ined by cast-in-
place columns (13" x la") between each panel . A cast-in-clace roof edce
beam (12" x 14"), herein denoted as the parapet beam, jc ns the columns

and panels around the entire peripnery of the building. Panel reinforcing
steel is extended and hcokea within the column and bean reinforcing cages.
Eacn panel is placed upco the 'coting walls with a rertar aed No ;ositive

connection exists between the fco:ing wall and eacn canel 35 ear trans'er
is effected :necugn panel friction and dcwels and snear kejs a. ea:n ::'umn
#coting. A transfer pa:n fcr wali upiif t forces is : /t ded by .e cal mn

dcoels and exterior s: eel channel ancher stracs attachec :: each cuiumn.

A 10-inch cast-in-place reinforcec aail ,ui-- integra! fac:-

ing) separates the hign bay area fran tne two-story ef":e and loc <er
: .

. f- - . . . .

.,ine second-5:0n.y fl0cr area is a 3
. incn ( .: :ncn 'or e-:u :ner;area.

rocn) Concrete / metal deck ccmccsite slab succorted by beam anc c:lucn

framing. A cne-story, hign bay, cast-in-place rein #0rcec concrete vaui!
(180'' x 210") occupies tne northeast corner # :ne bu'id'',. ine ext:-imr

vault walle are 18 inches in trickness while One fn'.erior wills are Il
i ncnes *.n ic < .
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The iaphragm consists of steel deck welded to the main rcof
beams and connected to shear walls by welds to the pericheral steel chord

memcers which are anchored to the walls at the cof line. A unique struc-

tural feature of the MCFP building is the hori tntal rcof truss. This
structure is external (above) from the deck diaphragm and does not supcort
any roof dead load. The function of this truss is to act as a reduncant
roof diaphragm wnich ties the high bay area walls together and allows an
alternate path for shear transfer between wall elements. Shear transfer
is accomplished through stud anchors into tne parapet beam.

2.2 CRITICAL AREAS

For purposes of the overall natural hazards study, critical
areas are those locations in which hazardous chemicals are proccssed or

stored in a discersible form which makes loss to the outside possible
should the confinement barriers be breached. Similarly, critical equip-

ment is equipment which is used to process materials y nich include hazard-

ous chemicals in dispersible form and whose structure :erves as a primary
confinement barrier.

The primary focus of tne Task II effort is uccn the buildinq
-

.

structure (final confinement barrier), architectural wails or cartitions
(secondary confinement barrier), anc glove box e:ui; ment (cri ary c:n-
finement barrier) asscciated with tr.e c-itical ar?a . The loss of cri-

mary confinement zue t (1) direct ; love acx failure, cr fr:m (2) indirect
giove ccx damage caused by interaction with adj acent equi: ment and ccn-

nections, collacsing structu al elements, or structure succorted equi; ment
ccmponents, is identified as tne ultimate Tcde of releasc resulting frcm
extreme earthquake nazard. The structural ca:acity of tne building struc-
ture anc associated ecuipment systems,as relatec to tne ultimate mcce cf
release, are addressed in nis report. The ccntinuity of cceraticn of the

facility and otner functional aspects (safety related) affected y earth
quake hazard are not discussed.

..
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The areas of the MOFP identified as critical (Reference 4)
for tne handling of hazardous cnenicals 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 concern, with
the prime concern being fccused upon the glove 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 wall 3 and roof as final bar-
riers, and a nonstructural gypsum board / steel stud partition in comDin-
ation with a structural wall act as a secondary barrier within tne builc-
ing e :velope. Witnin the vault area, primary and secondary confinement
is provided by the storage canisters in wnich the hazardous chemicals are
transpo rted . The canisters are supported on racks of special design.
Final confinement for the storage vault is provided by the vault walls
and ecof. .

2.3 SITE SEISMICITY

The MOFP site is situated in the Pasco Basin wnich lies in
scuth-central Washington. The MOFP site is underlain by approximately
21 feet of mixed sand, gravel, and cocbles denoted as Oasco Gravel
The Pasco Gravel is underlain by dense gravels and silts kncwn as the
Ringold Formaticn Basalt bedrcLk is estimated to begin at a depin cf
150 feet.

A seismic risk analysis of One YCF3 site was conducted by
otner consultants in order to cefine the ground Totions wqich :ne facil-
ity could be excected to encounter. The results Cf this risk analysis
are_ presented in Reference 5 and indicate that tne site is in a regien
wnicn historically h,s a Tcderate level of seismic activity. Eased uccn a
probabilistic 3pproach (Reference 5), peak seismic grcund acceleraticn
levels within the range of 0.C5-0.07; are asscciated with a retur ;ericd
of 100 years , 0.09-0.13 9 are associated with a return aeriod cf 10C0 years,
and 0.15-0.2;g are associated with a return cericc of 10,:C0 jears. The

e

shaking "fects of ground motion were considerec by saeci#ying tne general
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shape of statistically-cased response spectra. The median spectra pre-
sented in '.GSH 1255 (Reference 13) for alluvium sites were judged (Refer-
ence 5) to be accropriate for the structural evaluation of the Exxcn
f ac i l i ty ,
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3. EVALUATION OF STRUCTURAL BEHAV:CR

This section of the report presents a discussicn of the analy-
sis of the MCFP building structure including an identification of tne
lateral force resisting systems and the analysis precedures used in tne
evaluation. Again the interested reader is directed to the Task : Report

(Reference a) 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 uti'ized for analysis ::gether
with the analysis results are presented in this section. More cetailed
descriptions of the mathematical mocels are contained 1.1 the appendices.

.

3.1 STRUCTURAL SYSTEMS

The seismic lateral force resistance of t:._ MOFP building struc-
ture is provided b a shear wall box system tied together by a steel roof
diaphragm and a redundant hori:cntal recf truss. The building is accro:i-

mately square in plan with a length-to-width ratio of 1 l':1, The adjor
deviation frca structural symmetry is the mcnolithic vault Iccated in tre

nce:n-east ccrner of the building. The structure may be considered ::
recist laterai seismic forces as twc incecencen: s/ stems; ne for eacn
major building direction, ncrth-scuth and east-sest. Due :: the cilen-agn
anc ecof truss flexicility and coincidence of :ne center of wall rigidity
and center of mass, torsianal coupling cf the two systems will De negli;icle.
These two systems ar= shcwn in senematic iscretric-view in Figures 3-1 and
,__.

The major elements comorising the east-wes: lateral force resist-
ing systen are the south wali, the center aall, One east-west vault vail ,-
and ne north wall. Tne cof Icads and adjacent north-scuth wai' loads are
distributed according to tr 'butary area. The scutn and center walls are
C0ucied tnrough the roof tru' and roof diachragm- The center wai', vault

wall, and north wall are coucled both thrcugn the rcof diacnragm and One
rigid second flecr slab. b &. ll,;.Ly

<>.c,
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The major elements ccmprising the north-south lateral force
resisting system are the west wall, the north-scuth vault wall, and tne
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
througn the roof truss, rcof diaphragm, and second floor slab. The vault
wall is coupled to tne east and west walls ~ ough the roof diaphragm and
second floor slab.

Both tributary static roof load and vertical seismic farces are

transferred directly to the soutn wall columns and center mcnolitnic wall
by long span roof joists (24 inches deec) which scan the high bay area
without intermediate support.

3.2 STRUCTURAL ANALYSIS PPCCEDURES

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

3 2.1 ''cdeling Considerations
The synthesis of a mathematical model wnicn recresents the

anysical behavior of a bu:::ing structure subjected :o ear:ncua<e 70und
motion reca res :ne idealization of the effective struc:arai tehavice ofi

an assemblage of 3:m:tural cacccrents and tne accr: riate irn'ng c# uis-
tri:uted building mass (weignt). As previcutly dis:assed, :ne ''0F? au;; -

ing la:eral force resisting sys:em may :e idealized as a snear aall bcx
system tied tcgether by :ne ccmbinec roo# dia nragm and truss. Se ore-
cas; exterice panel walls may be idealized as mcnolithic snear walls. Tne

discrete mcdeling of bcx-t/;e structures ai:n icw height-ta-aid:h ratic
must consider the effects of shear-lag (Reference 6) :n averall wall re-

'

sistarce to in-clane lateral force. Acolication of :ne relaticnsnics ou:-
lined in Referenca 5 alicws One ef#ective aall 'langes : De defined for

each of the primary lateral fccce systems as sncwn in Figure 3-1 and 3-2.
Inus, eacn wall tends :c cenave 3s a snort cantilever cnannel section

witn negligible influence on the structure res:cnse in the Ortncgenal nori-
20ntal airection. s . !J L ' ". 0~v .~ . s .
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Cor lcw rise shear wall structures, foundatico soil ccmoliance
can ir. fluence the overall dynamic response. The more dominant effect,
hcwever, is the relaxation of wall base fixity at cae foundation level, A

reasonable procedure to adjust the stiffness of an otherwise fixed base
model is to consider tne distribution cf compliance of the individual wall
factings represented by a series of equivalent horizontal and vertical
so:1 springs. The stiffness of the individual soil springs may be estimated
using relationships such as presented in Reference 15 for rectangular foot-
ings resting en the soil 3 ~ ace. For the MOFP building, tne ecuivalent
soil springs under the foundation wall footings were based uccn thc esti-
mated elastic properties of the supporting soil developed ia the Task I
report. The effects of footing embedment (References 15 and 17) were in-
ciuded in the ccmoliance estimate. It shculd be noted that tne 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 behavicr of the walls for flexible base con-
d;tions, independent finite element static analyses of the exterior walls were
conducted using the ECAC/MSAP ccrcuter program which is a versicn of ne
general structural analysis ccccuter program SAP IV (Reference l'), The mcdel

utilized for the analysis of the scuth wall is shcwn in Figure 3-3 along witn
the dis;iacements result'ag frca a uniformly distributed shear fcrce a Clied
at the eccf line. A more complete discuss cn of :nese subsidiary analyses is
cresented in A encix 2. As can be noted 'r:m Figure 3-3, the distritutice 0 #

vertical displ scmen cf the wall is cct linear; the wai' benavior is similar
to a deep team on an elastic founca:icn subjected to uniformly cistricutec
mcment. This effect is important in evaluating tne cehavior of tne dcwel/
column straps in transferrinc, the wall cverturning (tending) 'crces tc : e
foundation beem Preliminary analysis of tne wall sncwn in ri:;re 3-3 ai:n
typical MCFP wall caenings incicated that the wall behavice ,from a hori cntal
icad/deflecticn standcoint) could be represented by a sheer-flexure cantifeve-

~

witn #!exible base springs. The effect of wall Openings aas ac cunted f:r by
considering tne net wall shear area.

-w
g # f 49
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The MCFP building was originally derigned to resist lateral

forces by two indecendent uncoupled structural systems: (1) Eas t-West

(E-W) and (2) North-South (N-5). The metal deck ecof, in accordance with-

Reference 9, was classified as a semi-flexible shear diacnragm. Used in

conjunc'.icn with concrete snear wall , the semi-flexible diachragm was

assumed (for design purposes) to be incapable of transmitting torsicnal
moments in the plane of the roof (other than the 55 " accidental" tors.cn
requi remen t) . Thus , the in-pl ane l ateral roof loads were simply trans-
,

ferred to the tributary succorting walls. The aodition of the roof truss

allcwed the two systems to be coupled, however, the ecuivalent sr. ear

stif# ness of the truss is of the same order as the roof diachram EDAC

evaluation of the MCFP structure indicates that the center o# wall rigidity

and the center of mass for eacn stor" are approxieately coincident (within
4 ft. for a structure dimension of 1; ft.). Because of the diapnragm

and truss fl'exibility and general configuration of the MCF building with

regard to mass and structural rigidity, overall torsion! "ects will be

minimized and building response to ground motions can be evaluated indepen-
dently for each major orthogonal hori:Ontal direction of the beilding,

north-scuth and east-west

The roof diapnragm Tay be icealized as a rsc-fiance deep team
scanning beraeen :ne cantilever shear walls. The be n web : .he retalo

roof decking witn a perimeter steel chcr:s and an e#fective :crtien c#

tran.sverse waii acting as tne beam #1&nge. The r ecise determilation of
diachragm flexibility cannot be accomolisned, since met?1 ciaanragms are
nct designed using principles of structural mechanics, but rather are

cualified by statir testing ta failure (Reference 7). esign values c#
all wable in-plane shearing fcrces are cctained by divicing tne ultimate
test load at failure by an appe:priate factor cf safety (usually witnin
.ne range of 3 to 4), The stiffness (inverse af flexibili:y) of each

d :nragm has been estimated using emoirical relat onships (;eftrences 3i

and 9) deve10:ed fecm cuali#4 cation testing ccnducted en a aide range o#
metal diachragm types. The stif# ness of the Exxcn steel ecof deck oas
determined using tne formulas given in Pe#erence 9.

, ~ ~ , ~
L .m e t. ;
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The use of the external roof truss as ar, additional (and

redundant) horizontal roof diaanragm is a deviation frcn normal structu.ai
p rac ti c e . The addition of the truss was a retrofit measure resulting
from an indeoendent seismic analysis conducted af ter the building design.

had been finalized. The results of a preliminary EDAC evaluati'n of the
equivalent diaphragm snear behavior of the truss incicated that the overall
shear stiffnc_as of the truss aas approximately equivalent to the roof
diachraga. -rus, the addition of the roof truss to the MCFF building was
rougnly ecuivalent to doubling the roof diaphragm stiffness. The major

difference betweer the roof dia nragm and the truss is the nonuniform
distribution of tru:s stiffness when utilized as an ecuivalent rcof aiaph agm.

The diapnragm and roof truss are sufficiently flexible so that
hori:cntal response amolification occurs for the rcof system and its con-
tributing inertia. Therefore, models for both lateral force systens were
develooed wnich considered the shear resisting walls and the cor.necting
flexible diapnragt and roJf truss. The stiffness of eacn bay of the r of

truss was cetarmired based cn the acdels shcwn in Figure 3-5. An ecuivalent
shear sJring was then used to represen eacn bay of the roof truss in tne
overali models. The results fr;m tre detailed wall mcdeis sncwn in Figure
3-3 were also used in the develocment of mcceis for the ccmplete structure.
The overall wal stiffness for nori:Ontal loading may be accroximatec cy
the simple sail stif' ness mcdel sncwn in Figure 3-4 he mcdel s were twc-
dimensional representaticns of the twc-stcry structure as sncwn in rigures
3-0 and 3-3. "cre detai, i descripticns of tne develocnen: of tnese models

3;; ear in A pendix C. The two-dimensicnal mcceling was cssi le since the
major aall elements may be idealized as ecuivalent shear strings (as sncwn
in Figure 3 4) due tc the small contribution of flexure :: the wa 41 in-clane
flexibility. Thus :ne structure may te "collacsec'' in tce vertical direction

into a ?!ane and tne ncdes interconnectec witn springs unicn represen: :ne
'

overall wall stiffnesses. The roof and ficor slab dia;nrigm 3:if# cess were
represented by simale shear eieren:: or " shear sarings" Subsidiary analy-

ses of tne roof truss allcwed for eacn bav af tne rect truss tc _e recrc-
sented by an equiva 'ent snear spring. The transverse walls were 2130 inccc-
parated in tne mccels to provide a means of force transfer be5 men tne roof
truss and ciac ~agm

cg, :. .z.u. . -
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In two k:ases, elements were considered to act indeoendently of
the overall building response. First, the vertical response of the long
scan joists subjected to vertical grcund motion accelerations at their

supcorts was analyzed assuming a simple beam dynanic mcdel, Second,

transverse (out-of-tne-plane) bending response of the wall panels was
considered based on the mocel of a plate (wide beam) simoly supported on
two edges.

The distribution of mass was accounted for in tm CFP building
models by si:rcle discrete lumping. The equivalent lumpec nasses were

assigned to the Todei noce points formed by the structural element ideal-
i:ations in propertion to the tributary area of building ccmponents sup-
;crted (in terms of lateral force support) by the structural elements.
The seccnd order effect of rotary inertia of the wall eiements was not in-
cluded in th,e mcdels. Detailed mass and stiffness properties for these
mcdels are described by means of ccmpute. input data printout in Acpendix
C.

3.2.2 Inelastic Behavior
In orcer to determine the seismic ground accelerations which

cnaracterice f ailure or ccllapse, behavior in the inelastic range must be
ccnsicered. The nonlinear resccnse of shear wall systems is gereral' >
small ccm;ared wi:n 0:ner structural systems due :: fewer energy acscep;ien
anc ducti!ity mecnanisms. $curces of neniinear resconse pricr Oc c0ilacse

of such systems come frca cracking of cancrete and yielcin; of stee: and
frcm wceking or tearing of connections. Where sign' icant cracking of
concrete and steel yielding is invcived crior to collapse, energy abscrc-
tien is enhanced. ce the MCF: building, local failure af ccnnec:icns
coverns the failure,cf the ccmbined cas:-in-place precast wall-rccf sys:ema

witn correspancinc i:w ductility. Jigniricant degradation is not excecte:
in tne system under repetitions of earthcuake motions. ~

,T. ' "m
o .s . ..e
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The mcdal s;ectral Tethod of dynamic analysis is accropriate
for determination of response of the MCFP building as re: resented by
lumped mass models. A non-cegrading system such as described, with Icw
energy absorption capacity and gecme*rically no particular weak point
(i.e., a relatively uniform system), is well suited to analysis by the
approximate ncnlinear scectral-methcd (References 20 - 26). In this Tetncd,

the elastic response spectra which define seismic input (and are used
to calculate elastic system response) are modified to account fer
hysteretic energy abscrpticn in the ncnlinear system. The nonlinear
analysis procedure is tne same as for an elastic spectral analysis

except for the utili:3 tion of the reduced or nonlinear spectra. The

hysteretic energy absception capacity is measured by the ductility
factor which is the rati0 of the 'aximum response deflection of a sincle-

degree-of-freedom structure to its rield. point deflection. The pro-

cedure for altering elastic response spectra to account for nonlinear
benavior was illustrated in the Tar I report. and further background
may be found in References 23-25. T he spectral acceleration reduction
factor, R, is a function of the sys :em ductility factor, a, within eacn
spectral region. The fac*ar R is taken as unity for the ground acceler-
aticns pcrtion of the resocnse spectrum,1/ /2;-l for the analified
acceleration spectral region anc l/a f;r :ne spectral velocity and
spectral dispiacemen: regicns.

Many references are available 0 assist in judging a: propria:s
damcing and ductili*y levels to represent rescorse at tne ocint of incisi-

en* colia;se in the nonlinear anal / sis. In particular, References 20 and

25 reccrt values of ductili y and :amping fcr varicus sy:tems wnich maj
:e used as guideline values. On the basis of /alues fcond in these refer-
ences anc engineering 'ucgement, upper and i:ne acunc (cne standard
cevia-icn) and median values for ductili y and cir:ing .vera selectec. he

selection of nese fac crs invcived a ccmcariscn :- tne "CF; snear wall

system witn stardard systems for wnica -he referen:-d /alaes are tabulated.

The selected ca cing and duc ility #ac ces are gi/en in Table 3-1.

s . T' ;g yi n
vUv.s .
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Tacle 3-2 provides damping ratios and ductility factors wnicn
are approcriate for the independent analysis of the roof joists and wall
panels considered as separate structural elements. Although the nonlinear

vertical response of the roof joist system includes tne effects of the lg
static load which results in a rachet effect, the ductility factor is still

greater than for the hori:cntal wall panel response. This cccurs due to
the very high ductility of the steel jcists coccared to tne concrete ductility.~~_

~ . .

The wall panel transverse response ductility factors are a result of basic-
ally simcle team response ccmoared to system ductility factors wnich are
controlled by key details which are relatively more brittle. Again tne
selection is based cn judgement using the referenced values as guidelines.

It shculd be noted that the ductility method of analysis is

an apprcximate methcd for assessing nonlinear response and capacity of
structural systems. The method was judged in Reference 22 as tne _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 heuris tic basis. The values of " system ductility" selected
must be interpreted as a Teans of allcwing the overall nysteretic energy
dissipation of the structural system to be included in the response

analysis. The values of " system damping" selected represent the non-
hysteretic mechanisms of energy dissipation in dynamic response and are
asscciated with stress levels at or just belcw yield point values.

The definiticn of tne seismic gr und otien incut for tne ''CF2
site is provided (Reference 5) by elastic response s;ectra. The rcri:antal
and vertical s:ectra used in the analysis aere cased upcn tne median data
for an alluvium site resulting frca the earthcuake grounc motion study
: resented in Reference 13. The esulting analysis res;cnse s;ectra,
normalized to 1.0g ceak heri:cntai ;nc moticn , for ductility ratics of

1.0 (elastic), 2.0, and 2.0 are snewn in Figure 3-10. Also inciuced 4a
~

Figure 3-10 is tne vertical response scectrum, normalized ta 0.57; ;eak
ground mo tion, for a ductili ty factor of 5.5.

3.' 7' *i av .s a. .
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3.2.3 Seismic Cacacity Estimates

Given a capacity in terms of internal str2ss or deflection for

a selected key structural element or connection, a capacity force resultant
F , was directly obtainable using relaticns of engineering mechanics. For
C

Tost of the details and elements investigated for structural capacity, the

seismic response to ground motion was cbtained from the overall dynamic
analysis of the-bailding. The forces within key elements (or connections)

~s
due to a ground accelera' tion of 1.0g were obtained frce the modal spectral
analysis of the building models using the spectrum (median) given in Figure
3-10 for damping, s, and ductility factor, The mcdal corponents of force2

witnin an element, F ,Ig, were comoined using the square-root-sum-of-scuarem

(SRR) procedure to obtain an estimate of the element median resultant fc-ce

due to dynamic response:

T("~.n , l g ) 2 (3-la)
*

F =
SRSS, 19 -

m

In scre cases, the SRSS procedure was modified to account for tne effects

of closely spaced modes:

f rt: 12 ;r-' ( : ' ' ' 3 (3 '"s>' ' c -.: = 4

''-11'<RSR,l-
V "m

'k'' '- u "k

wnere the summation for tne modify:ng terms is over tre < ;rcucs of cirsely

30acec modal res;cnse 2 and 2 The grcund acceleraticn ca:aci ty, ',,4
1 s. ,

for the element or connecticn under consideraticn, is then given Oy:

( , - c- s
,, =- -

r r-,S2,lg a ;n :n -g C

For ccaronents cr c:nnections affected by Jecunc motion ortnc-
gonal to the Orincipal direction of eacn lateral force system or affected

:y vertical grcunc otion, consideration of concurrent ground oti:n aas

recessary to allow far addi:icnal stress effects. cr trose elements
affected :y concurrent notion fr:m varicus directi:ns, tne procecure

,- . ,,
(....'+
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suggested in Reference 19 was utilized. The median eicrent forte result-
ant corresponding to 100 percent of the motion in one direction of response

was combined with 40 percent of the resultants due to resconse in the

other orthogonal directions by addition of the absolute values. This pro-

cedure of superimcosing 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 tne res-
pense 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 o# vertical motion of 25 percent of the

peak horizontal motion was considered to act concurrently with each C0mponent
of horizontal ground motion for the evaluation of each lateral force system.

The determination of the ultimate element or connection capacity

F,, was generally based upon the ultimate stress distribution for the given
u -

material in the mode of element response considered. For flexural structural
elements, the formation of collapse mechanisms due to regions of localized
yielding was also consieered. The fontition of the hinging egions was
governed by the yiald stre ;~h of the given material and the configura-
tion of the structural ele.ents. The determination of the structural
material properties for the structural eler.ents of tne MOFP building was
cart of the Task I effort. The estimated ucper bound, Tedian, and icwer

tcund values of material strenctn are taculatec in sference 3 (see als?
A :ercix El.

The determination of concrete element capacit/ was, in general,
based upon the ultimate strengt", design provi sions of References 31 acc
32. The failure criteria for ultimate #lexure anc/or shear capacity
for a cercrete element was tne same as utilized in Reference 31 nith an
increase to a median value corres: coding ;c tne increase fecm tne ncminal

design value to One median value of ultimate concressive strengtn f]. -

Mcwever- the capacity recuction factor, :, was assigned a value of ;nity
for tne MOFP avaluaticn. The ca acity reduction ' actor 3:ecified in the

c .c . ; o

.Q $* "J 0
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ACI Code is provided to allow for accroximations in the design calculaticns,

variations in the material strengths, workmanship and dimensions. Additional
variables considereo include the seriousriss of consequence of failure of the

memcers and the degree of warning involved in the mcde of failure (i .e. , the
degree of ductility). In order to establish the median damage and collaose
levels in tne MCFP study, these effects are treated separately. The vari-
aticn of the element capacity as a function of material strength in a carti-

cular failure mode (ductile versus nonductile) is exoressed as the factcr
"E," in the uncertainty analysis. The different bounds of E_ s ecified for

s v

different clements reflects this expected behavior. Tne effect of c;ns truc-

tion variables en actual concrete ca acity was considered by utilizing a
correction factur centered on a median value of unity, with a lcwer an. JpCer

bound value of 90 and 111 percent, rescettively. A subjective judgement
factor "J" was also used to express the variatioi. of element capacity as a
function qi the overall assessment crocedure, accuracy, element force capacity,
conservatism, etc. Thus, tne approximations for which the : factor accounts

in the code are treated separately but quantitatively in this analysis.

The Red Head exoansion stud anchors wnich at ach the rcof truss
to the paracet eam prcvide the load cath for shear transfer between the

roof truss and the rcof diapnragm. The gr:uo of faar 3/2" : stud ancnors

at the :cuth-east corner was of scme concern due : de #3ct :nat these 2n-
:nors are su jected to concurrent seismic shear forces in .he North-3co:-

and East-Wes t ai recticns. The ultimte sta:ic pull-out shear criteria, in-

ciuding croxinity and free-edge effects, for concrete inserts was na ed

uccn rela:icnshi:s and test data presentec in References 32-32 ]r this

analysis, tne shea capacity was dete-mined as folicws. Based on manu'ac-

turer's tes: data for an average conc ete streng:n of 3935 nsi, a shear
cacacity of 13017 pcunds results. The dynam4: (seismic) ultimate ca:acities
for concrete inserts were taken as SC ercent of the single cycle static

ultimate value. Tests have indicated tna nc significant degraca:icn if
strength occurs uncer cyclic icadings telcw 30 cer:ent of the s;atic ulti-

mate but tnat degradation and failure are rapid far lcadings acove the 30

C~ : 2o n.?:
.
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cercent level (References 36-33). The resulting median ultimate shear
c3pacity is comparable to the USC value if consideraticn is made of the

fact that the code is basec on 2C00 ': concrete and includes a factor4

of safety in excess 'f four. The variation of construction cuality and
workmansh!D was accounted for in the unceratinty analysis. The shear

caracity of inserts was estimated to be 58 kios us'ag the ultimate strength
c ri te ri a . This c30acity was found to be mucii higher than the other criti-

cal structural eie ents.

The ulti ate interface transfer capacity at the pan'l/fcundation
wall joint was estimated after review of References 36-45. The concept of

snear friction does not appear to be applicable to the MCFP cu. crete-to-
concrete joints at . e fcundation wall interface. The cnly reinforcing
steel crossing tra jo1 : is a single dowel at each column construction
joint (spaced at aporo sima ely 10 feet). The precast panels rest on a mor-
tar bed without transverse steel crossing the joint. Thus, an estima:e of

the sh_ar transfer capacity was assumed to be given by the ulHmate shear
strength of the steel reinforcement due to dcwel behavior at tne column
jcint plus the dead aeignt fricticn resistance of the precas: ;ane;s. The

fricticn coefficien; aas taken as = 0.5 as suggested in Reference di fc r
static loacing. T e dynamic (seismic) shear cacacity across ccncrete #ric-
ticn joints vas taken as 50 percen of :ne es timated s tatic caca:i ty < i .e. ,
C.3 _ = 0.62) :: snculd ce noted nat joint siiccage in excess c# J.21
incnes ;s necessary #cr dcwel actico :: be ccnsidered as a major ccmccren:
cf in erface shear : ansfer (Reference 25)

The ultimate strength capacities of structural steel elements anc
ccnnections were es timated using the recuirement ;f Re#erence 26 and : e

general reccomenda:icns and guideiines given in Reference 27.

- .
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As discussed previously, the ulti" ate capacity of diaphracms is
deternined by prototype testing to failu e. The factor of safety, FS,

utilized to obtain the recommended design shear, c , xpressed in terms
d

of a shear flaw or lbs/ft) for the Exxon facility rcof diaonragm was not
saecified in Reference 11. As discussed in Section 3.2.1, this is usually

in the range of 3 to 4, and diaphragm shear cacacity was taken, assuning
FS = 3.0, as

9d* '0 *
CAPACITY

Assessment of internal diaphragm connections. indicated that the panel seam
and edge welds had sufficient strength to allow the diachragm to develop

the above estimated capacity. The capacity of the d,iaonragm pericheral
connectic welds and diaphragm choris (acting as beam flanges) were assessed
independen.tly as structural steel ccnnections (Reference 10),

The racking damage threshold for the interior cartitions (archi-
tectural elements) due to imcosed relative displacement between the roof

'

and ficar slab was estimated on the test data summarized in Reference 43.

3.2.4 Uncertair.:v Sound Ceteraination
As previcusly statec, the scismic cacacity evaluaticn herein is

cart of an :veral' ratural hacarcs risk an'alysis. In arcer :o crovide

cccca:ibility ai:n :nis overall analysis, resuits are recuired in terms c'

estimated mecian cacacities and estimated cce standard deviation (cre sigma;
uccer and icwer bcund cacacitias. Thus , the resul ts presented in :nds re-

;cr: give estimated upper bcund, median, and lcwer ocunc values for :ne

seismic cacacity cf tne ouilding structure anc critical equi: ment. "ecian
cacacity results were cbtained fcr structures and ecuicment utilizing the
prccedures described herein witn median values of parameters asscciated
with the analysis. A crocabilistic accroach was utilized c cbtain the ~
cne sigma uccer and icwer bcunc variation of each randcm variable or para-
meter whicn affects the results. The ;arameters which a##ect the cacacity
estimates includes material aracerties, analysis pr cecures anc seismic in-
put definition. The e'<cected variation in the values of :ne incortant

. ~ c.
C .$ g A . ' l t -
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parameters, such as yield strength, damping and ductility, which affect
the determinaticn of collapse capacity were developed during the Task I
effort and presented in the Task I recort. The parameters were considerec

to be locnormally distributed for purposes of the approximate uncertainty
bound analyses cerformed under the Task II evaluations.

The probabilistic approach adopted was based upon the general
statistical propertie; of a lagnormal distribution (Reference 30). For a

Icgnormal 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 505 are belcw :he
median value), The structural capacity analysis precedure described above
was employed te determine a median value for seismic caoacity using tne
median values of the important contributing variables. The upcer and

lower bound capacities were estimated to represent a on2 standard deviation

variation and are based upor ngineering iudgement concerning the variation
of the contricuting variable values rather than on detailed statistical

studies. Thus, the icwer and uccer bound values represent the estimated
I' 153 anc dat percentile values, resoectively, with 68% of all values falling

between the upper and lower bcund values. The probabilistic prccedure usec
in this analysis is described in Ascendix A, alcng with a samole calculaticn.

2.3 STRUCTUR.2L 'dCCEL5 AND RESULTS

As discussed in Section 3.1 of tnis reccet, tne east-~est anc

nce n-scuth structural sys*: were analyzed as incependent lateral force
systems. The models and -esults of eacn analysis are discussed in :ne
follcwing secticns. Since both lateral force system are sir 3r ai:n

es ect to mcdeling and the resulting c3cacities, the ciscussi:n of the
two systems is ccmbined. A description of the seccndary architectur im
systems ana an assessment of their potential e#fect ucon the critical

.

areas is also included. Fce convenient refe ence, selected data and

structural cetails whicn are tcs: certinent to tne key structural systems
analyzed are abstractec frcn the Task I Recort (Re#erence 3) and incluced
in 1:cencix E.

2.~ -
,

u.~ d '. .
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3.3.1 Caoacity Evaluation of Lateral Force Systems

The dynanic model used to evaluate the response of the MCFP

building for north-south ground motion is shcwn in Figure 3-6. As dis-
cussed previously, the model is a planar representation of the lateral

force system shcwn in Figure 3-7. The model should be viewed as an assem-
blage of lumped masses connes ted together by effective shear springs
wnich represent the walls, diaphragm, and rccf truss as elements trans-
ferring the inertia forces in a shear mcde. The finite element ccmoli-

'

ance was formulated employing the EDAC/MSAP ccmouter ccde wnicq is a

version of the qeneral s.ructural analysis comcuter program SAP P!

(?.eference 14). The three-dimensional elastic beam element and bcundary
spring elements were utilized to construct the mcdel with the necessary
kinematic constraints to achieve the element stiffnesses desired. The

diachragm 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 YOF? walls. The eff'ective trans-
verse walls were included in the model, as indicated in Figure 3-6, ::
account for the force transfer between the rcof truss and diagnragm which
is acccmolished by tne parapet extension of the transverse walls. "cte
that the effective transverse walls are modeled as pin-pin ceam elements
.nicn transfer cnly the forces requirec for the truss-diaphrag- in:eracti:q-
2 mcre detailec descripticn along with the numerical values assignec to tne
elemen stiffnesses and lucced masses for :ne north-soutn Tcdel are given
in A::endix C toge:ner wi-h the results of :ne Tccal analysis.

The mccel utilized for the evaluation of :ne building res:cese
to east-aest grcund motion is shcwn in Fi;ure 3-5. The Tccel ciffers fr:m
:ne north-south Tccel due to tne additional inter ediate wall and less : n-
plex mcdeling for tne roof truss. Again the Tcdel is a clanar represen:3:icn

- .

of ne lateral force system snown in Figure 3-9 The MSAP input data for

the element stif#qesses, mass distribution and necessary kinematic ccnstrain s
utilized in the east-west mcdel are given in Appendix C along witn ne ccel

analysis resul ts.
J .'. r; < 3'
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For cotn lateral force systems , the median ul timate capaci'ies for
several major structural elements and associated connections were determined
as tabulated in Appendix 3. The major structural elements evaluated for the

MOFP are the diaphragm, roof truss and comoined precast / cast-in-place walls,
including tne shear transfer capacity of the foundation / wall i nte rfact . The

median diachragm 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 attentico directed to the pin

connections of the truss diagonal bracing bars. The shear capacity of walls-

was based on a nominal estimate of ultimate concrete shear stress given by
relationship, v = 2q Foundation wall interface snear transfer ca?acity

u

was estimated as the sum of dead weight panel fricticn and column dcwel shear
capacity.

Using the median element force response (SRSS or Mcdified
SRSS) obtained from a modal dynamic analysis of the finite element
idealication and the median element capacities, the median ground accel-
eration capacities, A ,were computed as indicateJ by Equation 3-2. Table

3-3 presents the ground acceleration capacity determined for each of tne
elements or ccnnections with major damage potential considered for botn
lateral force systems. Grcund acceleraticn capacities are given to several

signi#icant figures to indicate the raare of the uncertaintv bcunds. It

should not be imoliec that tne lesel of accuracy of ne calcul a:4:ns ;;st -i

ifes tnis accuracy hcwever. Scre grcund acceleration cacacities # c other

sys:em consicerati:ns (incependent transverse .vali canel assessmen., carti-
tien damage, and vertical roof resocnse) are also tabula:ec #:c ccmcariscn.
Estimated inwar and upper stancara ceviation hounds were te te rmi n9c a s de;-

cribed in Accendi < A. The numerical values of the median element fccce
cacac' ties utiliced are given in Accendix 3 fcr each c# :ne Tajcr eierents

ccnsidered.

.

.
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It should be noted that several of the seismic caoacities listed
in Table 3-3 are damage capacities wnich are not associated with structure
collapse. The grcund acceleration capacity (1.299) associated with shemr
transfer at the panel / foundation wall interface provides an indication of

excessive joint slicoage (i.e., greater than 0.01 inches), Beyond this

level of grcund motion, the 30 lateral force systems will become coupled
due to torsional effects. These effects will be further increased as the
truss connections fail (1.37c;) and the truss parapet and channel succorts
hinge. the values of ground acceleration capacity given in Table 3-3 are
based upcn the uncoupled :espcnse determined frcn the independen dynamic
mcdels for each principal direction. These values should be viewed as

general indicator: of structural performance and as bounding values for
the carticular made of damage considered. As noted in Apcendix C, the
lateral force system models were set up in the equivalent planar form to
allcw a ncr,ilinear, coupled torsion analysis fo the 90FP building to be
conducted. However, such an analysis is viewed as unnecessary when tne
corresponding return period of the lowest ground acceleraticn capacity is
taken into account. Reference 5 indicates that peak ground accelerations

of greater than 0.3g are associated with return periods greater than

100,0C0 years. Thus, further refinements of PCFD collapse cacacity to
establish a crecise value wi:nin tne range of 1.3 - 1.8c accears to be
2 warranted. Fce cur;cses of the natural hazard study, :ne Tecian col-

lapse ca acity of the V0FF building ay be estimat?d sim:b by assumin;
:he truss ccnnection failure (1.37g) is the contrailing seismic ca:aci /.

3.2.2 C:ner Building Syste'n Ccesicerations

The benavice of tne internal gypsum ; card / steel stuc carti ":n.
'

.vhicn serves as a secondary :cnfinemen; barrier wi:hin the structure enve-
ic e es evaluated for tne im:esed displace ent respcnse :f the roof dia-

Chragm. Using the tes: cata provided in Reference '3, :ne cartition bac-

rier was assured :c be signi ficantly damaged 'sr displacement-neign:
~

ratics of 0.005. ?s can be noted frcn Table 2-3, the ground acceleraticn
cacacity (>3.0g) ass:ciated with the cde of camage cces cc: contra:

3 . %. ;sM.Os//w av

d
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The transverse wall panels and the roof joists were also con-
sidered as indecendent structural elements. The wall panels were evala-

ated in transverse flexure (simple span) for lateral inertia loading.
The roof joist was evaluated as a simple span beam for the roof inertia
leading 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 concarison with tne other
damage modes considered.

.
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TABLE 3-1. SY5 TEM DAMPING RATIOS AND D! CTILITY FACTORS FOR

MOFP BUILDING ANALYSIS

Lower Median Upper
Parameter Bound Value Bound

System Damcing 7 10 14

Ratio, ? (percent
of critical)
System Cuctility 1.5 2.0 2.6
! actor, ;

.

.

TABLE 3-2. ELEMENT DAMPING RATIOS AND DUCTILITY FACTORS FCR

ROOF GIRCER VERTICAL ANALYSIS AND WALL PANEL TRANSVERSE ANALYSIS

Element :amoing Ra:ic, 3 Element Cuctility

Percent of Critical Fac cor, ;

Lcwer Median Uccer Lcwer Median Uccer
,

| Key Ccmoonenc Bound Value Bound Scund Value Scurd
.

Rocf Joist 3.5 5.0 7.3 2.5 5.5 10
, Vercical ?espense
j (44 LH 10)
,

|

i

i
i

! 'iall Panel 7 10 la 3.0 4.0 5.3 ~.

: Transverse Response
(5.5 in. equivalent
:nickness reinforced
concrete)

*;>. :< f ny
s. ,% _ ,
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TABLE 3-3. SUMMARY OF SEISMIC CAPACITIES AFF:CTING CCNFINEMENT SARRIERS
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,, is lransverse Wall panel (20 f t. Wide Typ.) Connecting Roof Trnss and Roof Diaphragrn.y '

,

(4)'* 3I pin fonnection at the Wall Base is Assumed.m n

Am r" i

O J (5) -- Indicates Rigid 1. ink Between Two flodes
Q

l'lbtlRL 3-f) . fl0Rlli-Sulilli l ATLRAL FORCE RESISTIllG SYSTEM MODEl (2-DIMEllSION Al )
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4 EVALUATION OF CRITICAL EOUIPMENT

This section of the report presents a discussion of tne analysis

of the critical equipment items including tne analysis procedures used in
the evaluation. The Task I Report (Reference 3) provides background inform-
ation to'which the interested reader is directed. For convenient reference,

selected data and equipment details wnicn are Tost pertinent Oc the critical
equipment analyzed are abstracted fecm the Task I Report and presented in

Accendix E.

J.I CRITICAL ECUIPMENT CONSIDERED

The critical areas qf the PCFP 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 ficar plan
shcwn in Figure 4-1. The location of tne critical process ecuipment within
the mixed oxide preparation area is shown in Figure 2-1 by delineaticn of
the four process lines. Each of these process lines consists of a secuence

of glove boxes ccnnected oy transfer tubes. An elevation drawing of a
tycical prccess glove box is snown in Figure 4-2. Typical glove bc.< cen-

struction is selded 3/15 in- stainless steel (304) with 3/3 incn art.!ic
plastic viewing windows. Eacn gicve box is sucpcried cn a crc 23-craced,
arcncred steel tuc;lar frame. In terms of ;ctential releasa of hazardcus

chemicals in discersible form, Staticns 2A and ' are identi#ied as the
most critical items for study evaluaticr- Station 4A is also icentified as
critical cue to :ne grinding arccess. The remaining giove boxes are o#
secondary concern.

Glove box exhaust ducts are !" diameter, 15 gage, welded steel
whicn are branch lines of an 3" diameter main exhaust duct. This main dIc:
is indicated on the 'lecr clan of rigure J-l and also serves as succor *. #cr
tne main elec*ric bus duct. Within tne mixec oxide precaration area, *.his
ccmoination duct is nor::cntally braced fecm tne ecof a: 22- fco t intervals

s . *: ' .. , ' ' : A
s, r . s. te ..

__ MDDd2;-;
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and also braced longitudinally from the south wall as sncan in Figure 4-3.
All other piping is ciemped to wall supcort brackets witnin the ''CF? hign
bay area.

Additional items considered for evaluation are tne HE?A final
exhaust filters and asscciated ductwork, l A gas cylinders (within the

mixed cxide preparation area), hydraulic fluid reservoirs, and tne storaje_
rack and containers located within the vault. ''-

. .s

4.2 ECUIFMENT ANtLYSIS PRCCEDURES

The seismic capacity of the glove boxes and most other equi: ment
is substantially higher than that of the building structure for the MCFD

facility and, therefore, the a proximate methods described belcw were used

to establish the ground motion capacity since a higher cegree of accuracy
was not warr, anted.

'

4.2.1 Structural Resocnse
The basic glove box structure wa idealized as a planar rigia

body supported on an equivalent lateral spring representing the support
frame stiffness. The system resconse was determined directly fecm the res-
cnse scectrum due to tne simcle single degree-of-freedom represen:2:icn.

Reference 13 indicates :nat for systems witn 5" or gree:er darcing, nc res-
:.,nse amplificaticn cccurs for system frequencies greater :qar 20 Hz. Since

prel imina r; studies had establisnec that the glove box f-are system frecuency
was ;reater than 20 H and had assessed the system dam ing a: 5' cf critical,
scec:ral accelerations were cotained directly from ground scectra, anc no
ductility modifiec res;cnse spectra were considered.

4.2.2 Cbject Imcact

"e evaluation of confinemen; bre:cn caused by falling objec 3
.vas based on an ass. red critical icading caused by f alling roc # or wali -

segments. Prior evaluations concucted for otner facilities in :ne Natural
Hazarts Study (Reference 49) Outlined the general accroacn far i ract cvalu-
ati:n of gl<.ve ocxes and storage containers, : nsicering energy relations

,.;.,c. 3
s, A. & t r L'

,_
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for plastic impact of a falling object on the equipment. The basic conclu-
sion of these prior evaluations was tnat small missile impact or puncture

of tne glove boxes was not a significant hazard, due to the low velccity cf

objects falling from the ceiling (approximately 15 feet above tne glove
boxas). Thus, only with building collapse and subsequent irrpact of massive
objects on tne glove boxes, is significant release of hazardous chemicals
from equipment probable.

N-'m
N

J.2.3 Relative Displacemeat

Since t1e individual glove boxes and supccet stands exnibit a
hign degree of rigidity, the top of the glove boxes wa3 considered to
move with tne ground wni e the horizontal ducting was considered to movel

with the roof system. Thus, the glove box exhaust duct (4.0 inch diameter)
must acccerodate the imposed relative displacement between the braced main

exhaust duct rnd the glove box attachment point. In addition, the main

exhcast duct must acccamcdate the relative displacement between the hori:-

ontal supccrt points within the plane of tne roof.

The diaphragm displaceron: .esccnsa (SRSS) of the east-west and
nortn-scuta djnamic medels were utilized to evaluate the effects of relative

discla.: ment on tne succcrted cuct. Simcle bean mcdels of the ducting were
sucjected to tne dispiacement resconse of the succcr*. Coints :: determine

the cacarity of tress ducts to sustain the im csed relative roof discla:e-

mants price :q structure collapse.

- g . y e_ J, , n, , c, L ,, c r. 2. - n t >. i a- ' - -, -

tu tr J.a

The Task II evaluation of the critical ecuipment ite"s aas c:a-

:e'ued witn dan.aga resulting from both direct seis-ic incuced leading J #

t'e ec a; ment structure and damage caused by dif,mrential movement :etween
c c: na 0; ping suc;crt ;oints. In all cases, the "ailding colla se was
dete -ined to be the c:ntrolling mcce of failure. -

e o,--

( _d & V_ t 'e I

ey e.
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4.3.1 Gl o ve Bo xe__s_

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 hori cntal
ground motion. The connection of the glove box to the frame, the frame
members, and the frame anchorage were evi 'ated for the transfer of the
equivalent lateral (inertia) force The lowest capacity was determined by

the flexure and shear of the glove box leveling bolts. The effects of con-
current lateral and vertical ground motion were included in the evaluation.
The capacity of the glove box assemoly in terms of ceak ground acceleration
was then comcuted using equation 3-2 with F given by the equivalent lateral

c
force which'would cause leveling bolt failure and with F given by theSR55,lg
glove box mass multiplied by the mecian spectral acceleration associated
with rigid body response. The resulting median capacity was 6.8g. Lower

and upper bgunds of 5.7 and 8.lg, respectively, were determined using the

procedure of Apoendix A.

<

4.3.2 Picing and Ductwors

The effect of relative displacement between duct supcorts was

evaluated by determining the internal bending moments and suoport reactions
for tne 8 inch main exnaust duct when subjected to the roof deformation

response caused by east-west and north-sout- grcund motion. The additional
supcort reactions and internal stress caused of the inertia resconse c' tre
pipeway to the amolified rcof motion were sucerimcosed :: determine tne
total element forces caused oy ne imcosed rccf response to a ground ac;el-
eration of 1.0 . The damage capacity of the pi;eway was found to be te:er-9

mined by buckling of the duc: bracing elements (0.95g) . This mcde of be-
havior is not controlling since the oppcsing succort element is in ter.si:n.

The effect of rela:ive rcof displacement an the a incn glove tcx
exhaust branch lires was assessed ia an accroximate manner to incicate-:na
level of ground motion which would cre. a yield level stress in tne glove

box filter / pipe connection. This damage capacity was estimated to be i.lg.
aince tne welded oicing connections nave a large ductility capacity, this
damage cacacity value was viewed as indicating tna; this Tcce of benavice
is no governing. L a. . . . , . .

,
;'oe

Ybbl~l
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4.3.3 Otner Cri tical Ecuipment Items

Two hydraulic systems which include a reservoir and power unit
are lccated in the mixed oxide preparation area. Floor mountea reservoirs

are connected to glove boxes 2C and JA by means of high pressure hoses and

glove box entry couplings. Upright type 'A gas cylinders are sail mounted
adjacent to tne welder and glove box 43 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 ucon loss of a valve must be
considered. Review of the hydraulic reservoir and gas cylinder mounting
details indicate that dumage due to di ect seismic shaking is unlikely. The

general conclusion is that these items will remain in place until imoacted
by falling pieces of building structure

The location of the final builc ing exhaust filters is shcwn in
Figure 4-1.' In general, the filter assemt:y is held within welded aluminun
frames and clanced 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 conclusion :s that the filter will remain intact
until the casing (16 ga. steel) is sucjected to external crushing L cads
caused by colla: sing structure.

Hazardcus cnemicals are stared within the vault in dcutie 23
gauge galvanized steel sealec stcrage ::ntainers or ' cans ' A s:Crage rack

of special design is ancnored botn the /ault flocr and walls to succert tne
storage containers in a precise configuraticn. Eacn storage container is
hela in ne rack with "restrictors" anc dividers of specia design. ~ne

general constructicn of tne storage ra:k is a welded steel structural tube
framework covered by 16 ga. steel sneet. The amcunt of material ani:n can

be stored a: any given time is limited by tne recuired configuration and
,

clearances wnicn must be maintained. ~hus, the inertia leading on the racx

is minimal. Review of the rack details and anchcrage indicated that the
rac< and cans aill remain in place until the vault walls are sucstantially

damaged. , . , . . y,s

%-,5 $ ' . L ,e s '
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5. SUMMARY OF RESULTS AND STRUCTURAL DAMAGE SCENARIO

.

This section presents a summary tabulation of tne 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 excected damage to the MCFP 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 . establish the ground motion acceleration levels associated with
probable release of hazardous material. Evaluation of the glove boxes and
exhaust piping /ductwork indicates that these equipment systems have ground
acceleration capacities in excess of the structural collapse capacities.
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 comolete icss of

confinement for hazardous materials.

The analyses of structural capacity were conducted using median
material strength procerties and median es-imates of dynanic res cnse to
ground shaking. Based ucon the assumation that the im:ortant contributing
variaales are apcroximately lagnormally distributed, the calculated uceer
and icwer bound capacity values represent an estimated one standard devi-
ation variation. The median capacity values represent the evaluation of
the various systems as they currently exist in the ''CF? facility.

- .

Since all seismic capacities are in excess of 1 O g, further
refinement of the caDacity estimates beycnd the level icentified for tne
rcof truss pin connection failure (1.37 g) accears to te unwarrantec in

, ~ $ L ' Q% e
c c e,
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.

view of the fact that 0.3 g is associated with a return ceriod of 100,000
yeu ; (Reference 5). The following scenarios present a general description
of behavior of the structure resulting frcm increasing ground motion

,

acceleration. The scenarios are based upon the median predicted capacities

of the MOFP structural systens.

Ground Shaking of 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-

effect of the occurrence of an earthquake. Above 0.30 g minor structural
damage in the form of concrete cracking in the vicinity of panel /columr,
connections and minor yielding of diaphragm 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 foundation joint

begins to , experience minor slippage.
.

Ground Shaking of.l .0 g and Greater

Beyond 1.0 g the south wall begins to experience minor slippage.
At an acceleration 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 collacse beyond this levei
of acceleration is uncertain, but as the truss begins to icose cacacity,
the diachragm will becore highly stressed. Seycnd this level as load is
transferred to tne diaphragm, the scuth wall will became unsuccorted and

. initiate collapse. The crushing of critical clave boxes by failing recf
joists must be assumed to occur with soutn wall coliacse. It is assumed

tnat accroximately three-fourtns of the glove boxes wculd be breacned with
accer and lower bcunds of seven-eightns anc one-half respectively. Thus,

One ground motion level asscciated with loss of confinement may be assumed
to be at 1.37g. It should be noted that the vault rerains unaffected and
will remain intact at levels in excess of 1.85g. _ ,

c, - no
h /.6 i * 1A f
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TABLE 5-1. SUMMARY OF CRITICAL SEISMIC CAPACITIES

.

GROUND ACCELERATION CAPACITY (g)

STRUCTURAL AND EQUIPMENT DAMAGE LOWER MEDIAN UPPER

Roof Truss Pin Connection Failure 1.09 1.37 1.72

(N-S Motion)

Roof Truss Parapet 1.00 1.46 2.11

(C-W Motion) Wall Support Failure
.

Roof Truss Support 1.10 1.60 2.30

Channel Failure (N-S & E-W Motion)

Diaonragm Internal Connection 1.22 1.50 2.65

Failure (N-S Motion)
i

i

Glove Eoxes 5.7 5.3 S.1

Level:ng Bolt Fai'ure

.

* *
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_ APPENDIX A

Ur.cortaintv Bound Analysis Procedure
_

,

The basic statistical procedure used in the uncertainty bound

analysis was based upon the general statistical crocerties of a legnormal
distribution. The arccedure involved the identification of each major

randcm variable shich can be considered as a potential source of substan-
tial uncertainty in computing the median capacity values and the a: pro-
priate comoinati q of the uncertainty potential frcm each variable to ob-

tain the total unc:rtainty. Lognormal distributions were selected for -

use in estimating ur.:ertainty bounds in the overall Task II evaluation

results since the statistical variation of many material properties and

seismic input functions may be represented by tne distribution. It is

generally ackncwledgad (References 27, 23).that the mechanical strengtn
procerties (e.g. , yield and tensile strength) of structural materials may
be characterized by a logncrral distribution. In addition, studies

(Reference 19) have indicated that the statistical variation of res:cnse
to seismic groun: motion, as characterized by response scectra (Reference
13), ay be re: esented by a legncrmal distributicn. Thus, while a log-

ncrmal distribution might not be the actimum cnoice of distribution for

s tructural elecer.: ca:acities or element forces cue :: cynamic rescense.
it ;rovides a sufficient acproximation and is computaticnally convenien-

since the assumati:n of a locnormal distribution leads to a sim;lified

ccm ination of procuct canccm variables.

For a legnormal distribution, the mean value does not have a
pnysical interpretation. Thus the median value is used as the characteristic
carameter (i .e. , 501 of the values are accve the Tedian value and 50"; are

below tne median value). The ucper anc lcwer bcund values of the iTportant

<em.c.
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contributing variables were estimated to represent a variation of one
standard deviation and are based upon engineering judgement concerning the
variation of the contributing variable values rather than on detailed

statistical studies. Thus, the lower bound and upper bound represent the
estimated 15L and 50% percentile values, respectively, with 685 of all

sampies falling between the upper and lower bouncs. The estimated Icwer

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 bcund

values of response were taken from the mediar. and one sigma resocnse spec-

tra given in Reference 18.

A.1 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 tne subse-
cuent development. Background and futher information on these relationshios

are given in References 29 and 30.

Stated mathematically, a randcm variable x is said to be lognce-

mally distributed if its natural logarithm I given by

In(x)I =

is normally distributed. If a, b, anc c are independent lagnormallj
nistributed randcm variables, and if

r s
u (A-1)d =

.

C'

anere r, s, and t are civen exponents, then d is aisc a lognormally dis-
tributed rancom variable. Further, the median value of c, denoted-by-:,

and the lccrithmic variance ~d , wnicn is the square of the Icgncr al2

standard deviation of d, are given by

c- -,o
U s. C h. 4.-1.
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contributing variables were estimated to represent a variation of one
standard deviation and are based upon engineering judgement concerning the
variation of the contributing variable values rather than on detailed

Thus, the lower bound and upper bound represent thestatistical studies.
estimated 165 and SU; percentile values, respectively, with 63% of all

The estimated lower
samples f alling between the upper and lower bounds.
and ucper bound material parameter values were presented in the Task I
Report along with estimated upcer and lower bounds for damping and ductil-

The median and upper bound
ity to be utilized in the response analysis.
values of resconse were taken frcm the median and one sigma response scec-

tra given in Reference 18.

A.1 SASIC 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-

Background and futher information on these relationshipsquent development.
are given in References 29 and 30.

Stated mathematically, a randcm variable x is said to be lognor-

Tally distributed if its natural logarithm x given by

in(x)I =

If a, b, and c are incecendent legncrmallyis normally distributed.
:istributed randem variables, and if

n -

(A-1)
=

'3' h

,~d
c'

are ;iven exconents, then d is also a logncemally dis-
anere r, _, and :

Curther, tne median value of d, dencted by _D,

trituted ranecm variable.
and the icgrithmic variance ?d , wnich is the scuare of tne IcgncrTal2

standarc deviaticr of d, are given by
a.'' , :' 'f s, )?n
V % e e
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and

?2 ry2z 2+s?2 2 2
d a b + t ?c (A-3)=

.

where A, S, and C are the median values, and ?a , ?b , and ?c are the2 2 2

logrithmic variance of a, b, and c, respectively. The logrithmic standard
deviation for each independent variable may be estimated as sncwn below
for the variable a, from the estimated Icwer bound, median, and upcer bound
values given by a , a , nd a respectively.m

.

~

I f a* a"
~

? m in I + in (A-4),a _

( t m _

a a
.

Ncte that if a is exactly legnor al,

(a
am u~ , ,n 7 , - :- ,: = :n = i s o /a a, a,

c .,

Given :ne estimatec i grithmic standard ceviation for eacn variatie,i;
folicws that tne estimated one standard deviaticn upcer and icwer bcund
val;es of d, given ty d and d,, may b2 ccm:utad as

u

c,J = D exp(? ) (#~5)d,

~"

d, = D ex c ( -?a ) (A-7)c o

--
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The coefficient of variation of d, '/ s ghen ' y rne reladen (Psefenod,

ence 30)

'/ \ expD ~I*
d d -

- 4

.

A.2 APPLICATION TO CAPACITY EVALUATICN

The application of the statistical procedure described above
to the evaluation of the structural system is demcnstrated in the following
discussion. From Equation 3-2, the median ground acceleration capacity,
IA)lm,of a structural element may be ccmouted as follows:ia

(",g )m _e c
/

-

'C 'SRSS,1g ( ", o# )

*where

.

F
C

M dian element force cacacity=

F
SRq,a ,1 g

Median element force response determined by=
-

square-roct-sum-of-square (SRSS) ccmbination

of modal resocnse cocconents obtained frca a
Tcdal spectral analysis of buildin; mccels
using median 1.0 g ground acceleration ncn-

linear (reduced) res:cnse scectrum with
mecian camping, 5, and median ductility fac-
tar, a.

. The estimate of Tedian element force respense, may be ex-
pressed (Eauaticn 3-1) as

!

Y ~
/r

.

-

_ \.! 7 Y-
,, ,-,

a n , ,. ,3 \ .v ~ : J|q:qq. ~ - ,1 ,, ,

,. vr

( ,,, s T. ! t-

^" EDAC



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

.

where F r9nresent the modal components of element force respcnse.n,19
Given that the medal component correspcnding to the fundamental frequency
(or period) of the structural system is 2 or 3 times the other modal
response components, the fundamental compcnent (n = 1) will account for

. 85-95% of the SRSS estimate given by Ecuation A-9. Thus, due to the

dominance of the first mode, the median 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 witn the fundamental frequency of the structural system.
It should be noted that this approximation is a,so valid for element res-
ponse governed by a made other than the fundamental as long as tne dominant
modal component exceeds the remaining modal ccmponents by a factor of 2 or
greater.

The variation in element force capacity, F , is considered to
C'

be independently a function of the variation in material strength and con-
struction quali ty. The variation in element force response, FSRSS, is cc:-
sidered to be independently a function of the structural idealization rep-
resented by the dynamic model and the spectral acceleration associated
with tne dominant modal frequency. The variability associated with the
capability of the dynamic model to duplicate actual structural resconse

due to earthquake ground motion is assessed by a subjective judgement fac-
*ar. For simplicity, the variability of the scectral acceleraticn is cco-

siderec to be inde;endently a functicn of the variation in the spectra'

rescense arcina te, SA, due to the variation of input grounc motion, tne
variation in system damcing, 3, and the variation in the value of scectra

acceleraticn reduction f actor, R, as influenced by the varia*icn in system
ductility factor, u. The factcr R is taken as unity for the grcund accel-

- eration porticn cf tne response spectrum,1/v/ 2u - 1 for One aqplified
acceleration spectral region and 1/u for the spectral velocity and s;ec-
tral cisplacement regions. Thus, tne ground acceleration capacity may be-
excressed as a function of the following variables centered on median
values of unity:

.- ,,,, , , _ , ,
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A, 1 EW J S C, D (A-ll)A =

cc ao a9 s/ m

where

Factor expressing the variation of elementE, =
u

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

1.0).E =
c

Subjective factor excressing the variation ofW =

element capacity as a function of construction

quality and workmanship (median value for W .
=

'
1.0).-

S Factor expressing the variation of spectral=
a

acceleration response due to the variance in

ground motion input (given median system damping
8, and median systen ductility, u) as a function
of the ratio cf respcnse spectrum ordinate to tne

median rescanse s;ectrum ordinate at the system
frecuency at the dcminant Tode. (N'edian value for

5, = 1.0).

C . actor ex:ressing tne variaticn of s;ectral accel-=
g

eraticn res;onse due to the variance in system
dam ing (given median response 5:ectra and median,

system ductility) as a functicn cf tne ratio of

res:cnse spectrum ordinate tc tne median response ~ ~

spectrum crdinate at the dcminant systen frequency.
(Median value for C, = 1.0),

e

<- . - re,
N. 5 $ $'
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Factor expressing the variation of spectral accel-D =

eration response due to the variance in system

ductility, characterized by the scectral reduction

factor, as a function of the ratio of response

spectrum ordinate to the median response spectrum

ordinata at the dominant system frequency.
(Median value for D. = 1.0),

a

Subjective judgement factor expressing the vari-J =

ation of ground acceleraticn capacity.as a function

of the overall assessment of the procedure accuracy,
element force capacity conservatism, and cacability
of the building dynamic model to duplicate actual
structural response due to earthquake ground motion.

(Median value for J = 1.0). .
.

The logarithmic variance in ground acceleraticn cacacity may
then be defined in terms of the logarithmic variance of each of the in-

dependent contributinq ranJnm variables

?; =7g . ?g +? ? ?n +? (A-12)C.3 5 -

g c c a : .

Thus, ne up;er and Icwer bound val;es for tne seismic acceler3*.ior
capacity may be c;ccuted as

exp(?; )A A=
q

a m 9

(A-13)

A exp(-?,)A =

9 9 "
m ; .

7.,. + ,q
u- -m

D % .W $5**

We E53%4
-- .-_ . - - - . . " . . ' _ ' _. - -



-. . .. _. ..

. .

.

A.3 SAMPLE CALCULATICN

This section provides a description of the use of the uncer-

tainty bound procedure in establishing the estimated uoper and Icwer bound
seismic capacity values for the MCFP facility. The sample calculation in-
cluded in this appendix pertains to the major failure capacity identified
for the lateral force resisting structural systems.

%m
-'ss.

'N

As discussed above, the variables which contribute to the

ground acceleration capacity uncertainty may be characterized by the
strength capacity factor, a workmanship assessment factor, 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 S ) and the effect of the variation

a
in systec damping (variable C ) were assessed from the criteria spectra

g

data pre: anted in WASH 1255 (Reference 18). Table A-1, which was ab-

stracted rem the WASH 1255 document, presents the median (50 percentile)
and the :ne standard deviation (84.1 percentile values of spectral ampli-
fication for various levels of damping and for the three major spectral
frequency reguions. The results of the determination of the variation in
spectral acceleration response due to the independant variation of incut
mution, damping, and ductility are tabulated in Table A-2(a) for the
fundamental frecuency of the structure for both the east-west direction

(f; = 5.6 Hz) anc the north-south direction (f = 3.5 Hz). The variaticn
7

of incut parameters fcr the 5th mode (16.6 Hz) of the north-south system
are tacciated in Table A-2(b). Tne variation of material strengths for
each el taent failure mcde which governs each major ca acity estimate for
the VCF? jielding is tebulaten in Table A-3. The res"lting ncrmalized
contributing factors, as defir.ed for Ecuation A-ll, are tabulated in
Table A-4 The ucce- and !cwe" bcund assigned to the subjective ccn=

struction cuality and wor'<maaship factor, W , and the ralysis judgement -
c

factcr are als given o, t!,e tabulation.

. n . . ,-.e3
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A.3.1 Example Calcluation: Roof Truss Pin Connection Cacacity

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 icgarithmic standard deviation are obtained for
each contributing factor.

Roof truss, oin connection shear resconse
~ ~ ~

C = 0.039, C = 0.025, C = 0.0443 C3 Dp

Pin connection shear cacacity

3 0.145, 5 0.0= =
9

"C C
.

Analysis assessment

B 0.164=
J

Ncw, utilizing Equation A-12

3 (0.145)* + (0.0)* + (0.039) * + (0.025)2 (0.044)2 - (0.164)* = 0.052= +;

9

3 0.225=
;

s

anc frcm Equation A-13, the ground acceleraticn cacacity is, given

1.37=

(e, g ).,

1.37 exp(- 0.223) AA, = 1.72=

u,; 9S
u

A 1.09 ~ ~=

9,
r

, . ,7 . . ' .99.vLu .
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Using Equation A-8, the coeffi ient of variation for the ground accel-
eation cacacity is obtained,

/exp(0.052)-1 0.2'31V = =
g

g

.

"e

'' .'
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TABLE A-l. HDRIZONTAL DESIGN SPECTRA AMPLIFICATION $ AND BOUNDS

(Reference 18)

Spect rum bound s Spectrum bounds
* "9Damping Amplification (a l l uv ium) (rock)Percentile *""

ercent 0 V A D V A 0 V A
hertz

in In/sec e in in/sec e

0.5 1.97 2.58 3.67 40 71 124 3.67 24 72 3.67
2.0 1.68 2.06 2.16 30 60 99 2.76 20 58 2.7650
5.0 1.40 1.66 2.11 20 50 80 2.11 17 46 2.11

10.0 1.15 1.34 1.65 20 41 64 1.65 14 33 1.65
_

0.5 2.66 3.41 4.65 40 96 1 64 4.65 32 95 4.65

2.0 2.24 2.68 3.36 30 81 129 3 36 27 75 3.36,51

.5. 0 1.83 2.10 2.48 20 66 101 2.48 22 59 2.48
10.0 1.47 1.66 1.89 20 53 80 1.89 18 46 1.89

0.5 2.99 3.31 5.12 40 108 183 5.12 36 107 5.12
2.0 2.51 2.93 3.65 30 c0 143 3.65 30 83 3.55g4,3

(1 e) 5.0 2.04 2.32 2.67 20 73 Ill 2.67 25 55 2.67
10.0 s.62 1.81 2.01 20 58 87 2.01 19 51 2.01

0.5 3.28 4.16 5.53 40 118 2c0 5.53 39 116 5.53
2.0 2.74 3.23 3 . c0 30 99 155 3 . 90 33 90 3 . 5090
5.0 2.21 2.51 2.52 20 80 120 2.82 27 70 2.52

10.0 1.75 1. F4 2.11 20 63 c3 2.l! 21 54 2.!!

0.5 3.65 4.50 6.C5 40 131 220 6.c5 L4 129 6.05
2.0 3.c4 3.57 4.22 30 109 171 4.22 30 lco 4.22gg

5.0 1.44 2.75 3.03 20 83 132 3.03 29 77 3 03
10.0 1. 91 2.!! 2.24 20 69 !al 2.24 23 59 2.24

0.5 4.01 5.c4 6.57 40 144 242 6.57 43 141 6.57
2.0 3.34 3.89 4.54 30 120 187 4.54 40 109 4.5497.7

(2 c) 5.0 2.67 2.98 3.23 20 96 143 3.23 32 83 3.23
10.0 2.c8 2,28 2.37 20 75 109 2.37 25 64 f.3 7

Cround motiens a,g v, in/sec d, in
alluv;wm 1.0 42 36
rock 1.0 28 12

& . .O""|' S'.')L Ad ( ss

A-ll am
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TJBLE A-cla). SPECTRAL ACCELERATICt1 RESPCNSE VARIATICri

(System Frequency 3.5 - 5.5 Hz)

| Contributing Variable Values
Contributing Lower Media n Upper
Variable

.

Spectral Response In- - 0.95g. 1.16g
put Variation

(f) = 3.5-5.6 Hz,
3 = 10%, u = 2)

System Damping
7%(2)

10% 14%(2)(3, percent of
,cri tical )

Spectral Respgnse 0.82 g 0.95g 1.07gg)
-Damping Variation g)

(f, = 3.5-5.6 Hz, Med-
- s

ian spectra, p = 2)

!System Ductili ty
1.5(. 2.0 2.6(2)''(u)

!

Spectral Reduction C.438 | 0.577 ' O.707
Factor ( Amplified :

Acceleration Region, ;
R = 1/ / 2p-l ) '.

I I
!Spectral Response 0.80 g 0.95g i 1.17;

|Ductility Variatiot .

(F = 3. :. -5. 6 Hz , Med- ! ;

I : 1

ian saectra, 3 = 10%) | |
-

(1) Extrapolation based on Reference 19
~ ~

(2) Reference 3 data base

.

5% y
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TABLE A-2(b). SPECTRAL ACCELERATION RESPONSE VARIATION

(System Frequency 16.6 Hz)

Contributing Variable Values
Contributing Lower Median Upper

Variable

Spectral Response In-
- 0.97 g(3) 1.017(3)put Variation

(f) = 16.6 Hz, S = 10%
u = 2)

|
14%(2)System Damping

7%(2)
10%

(a, percent of

. cri ti cal )

Spectral Response
0.96g(1*3) 0.99g(3) (1,3)Damping' Variation

,

(f) = 16.6 Hz, Med-
ian spectra, p = 2

i
-

System Ductility
1. 5(2) 2.0 2.6(2)

Spectral Response 0.96g(3)| 0.98g(3) 9(3)
'

'

Cuccility Variation

(F) = 15.6 Hz , Med-
ian spectra, S = 10%

l
i
!

I

(1) Extrapolat.cn based on Referencs 19
.

(2) Reference 3 data base

(3) Interpolatien from spectra constructed t'--

eacn contributing variable.

3 .<%.-
.., c y

h (5 .*
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TABLE A-3. ELEMENT MATERIAL STRENGTH VARIATION

(Reference 3 data base)

r

Contributing Variable Values !

Contributing
Variable Lower "edian Up;:er

i

Diaphragm Capacity
(E70 Welding Ultimate 40 ksi 47 ksi 56 ksi
Shear)

Concrete Flexure 62 ksi 66 ksi 70 ksi
Capacity (ASTM 615 Grade
60 Yield Strength i

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-cut, Shear Ultimate
Capacity (A 36 Steel)

Red Head Anchor Bolts 12.0 kios 14.4 kips 17.0 kios
Shear Capacity

Rcof Joist (A 242 Yield 54 ksi 57 ksi 61 ksi
Strengtn)

Steel Channel Flexure 40 ksi 44 ksi 18.5 ksi
(A 36 Yield Strength)

Concrete Shear 117 ::si 126 psi 137 psi
Ultimate Capacity

=2vE |
-v

u c i

Concrete Insert 54 ksi 58 ksi 73 ksi - -

Shear Ca:acity (A 307 i
'Ultimate Tension)
i

3 . :;u ~ .;t u.'p'-
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TABLE A-4 UNCERTAINTY BOUND STATISTICAL PARAMETERS '

-.

Contributing Estimated
Factor '/alues Standard

Contributing Factor Lower Median Upper Ceviation

Spectral Response Sa, F=3.5 - 5.6 Hz - 1.0 1.22 0.199
Input Sa . f-16. 6 9' - 1 n 1.0a 0.170

Spectral Response C,, f=3.5 - 5.6 Hz 0.86 1.0 1.13 0.137
Damping C[,f=16.6Hz 0.97 1.0 1.02 0.025

5pectral Response 0", f=3.5 - 5.6 Hz 0.34 1.C 1.23 0.191
Ouctility

D , f=16.6 Hz 0.98 1.0 1.07 0.044
u

EC

(Diaphragm) 0.85 1.0 1.19 0.168

Ec

(Wall / Flexure) 0.94 1.0 1.07 0.065
.

EC
'

(Dowel Shear) 0.92 1.0 1.10 0.089

Ec
(Pin Connection, '

Element Capacity Shear) 0.875 1.0 1.17 0.145

Ec
(Red Head Bolt,
Shear) 0.83 1.0 1.18 0.176

Ec

(Rcof Joist / Flex-
ure) 0.95 1.0 1.07 0.059

EC

(Steel / Flexure 0.91 1.0 1.10 0.C95

Ec

(Hall Shear) 0.93 1.0 1.09 0.079

Ec

(Insert Shear) 0.94 1.0 1.07 0.065

Wc (Steel) 1.0 1.0 1.0 0.0Construction Quality-

and Workmanship Wc (Concrete) 0.90 1.0 1.11 0.100
Analysis Judgement J LO.85 1.0 1.18 0.164 -

3 <;~;c-
u m t x C.

~
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APPENDIX B.

.

MEDIAN ELEMENT CAPACITIES

.
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APPENDIX C

'

BUILDING DYNAMIC MODELS

AND

RESPONSE ANALYSIS
'
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APPENDIX C

Building Dynam,i: Models and Rescense Analysis

The seismic lateral force resistance of the MCFP building struc-

ture is 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 recf truss to the MCFP building was roughly equiva-

,

lent to doubling the rcof diaphragm stiffness. Due to the diaphragm and

truss flexibility and general configuration of the MCFP building with regard
to mass and structural rigidity, overall torsicnal coupling of the two systems
was considered -. be minimal and building res;cnse to ground motion was evalu-
ated indecencently for each major orthogonal norincntal direction of the
building, north-scuth and east-west.

Dynamic mcdels of each independent system were fannulated emolcying
tne EDAC/MSAP camauter code which is a version of the general structural analy-

sis ccmcuter program SAP IV (Reference la). The mcdels develoced were a twc-

dimensicnal representation of the two-story structure. The two-dimensional
- modeling was possible since the major wall elements were idealized as equiva-

lent shear springs due to the small contributicn of flexure to the wall in-
plane flexibility. Thus the structure was " collapsed" in the vertical direc-

tien into a horizontal plane and the nodes interconnected with springs which
represent the overall wall stiffnesses. The roof and ficor slab diachragm

stiffness were represented by simple shear elements or " shear sLrings" Sub-

. -~ ~,.a
we. : ,

. .. .
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sidiary analyses of the roof truss allowed each bay of the roof truss to
be represented by an equivalent shear spring. The transverse walls were

also incorpora$.ed in the models to cr nvide 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 lumped masses were

assigned to the model node points formed by the structural element ideal-
izations in proportion to the tributary area of building ccmconents sup-
ported (in terms of lateral force support) by the structural elements.
The second order effect o# rotary inertia of the wall elements was noc in-
cluded in the models due to the planar representation of the structure.

The models shou d be viewed as an assemblage of lumped masses

connected together by effect'/e shear springs wnich represent the walls,
diaphragm, and roof truss as elements transferring the inertia forces in
a shear mcde. The basic motivation behind the development of the models
in the "non-traditional" planar form was to allow a nonlinear, coupled
torsion analysis of the MCFP building to be ccnducted, if required, to
accurately assess the grcund acceleration capacity. Preliminary evalu-
ation of the structure indicated that slippage (yielding of dowels) of the
walls at the foundation interface coupled with tne nonlinear (yielding)
benavior of the cross-braced rcof truss would allcw overall torsicnal
resconse of the structure. Thus, the models of each incecendent system

. vere formulated to allow :ne use of nonlinear dynamic ccmouter programs
sucn as CRAIN-23 (Ref 50), wnicn are limited to mcceling inelastic plane
structures, in a ccucled time history analysis. This ncnlinear analysis
was not concucted, since further refinement of the grcund acceleraticn
ca:acity results based upon cne independent system analysis was jucged to
be unwarranted.

The three-dimensicnal elastic beam element and boundary scring"

elements of the EDAC/MSAP code were utilized to construct the finite
element mathematical idealiaa* ion of the diaphragm, shear walls, and

'
c. ; , . ; ~. eu~ . .

c-2 EDRC
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foundation ccmpliance. Sufficient detail was provided in each model to

represent the general behavior of all key structural components which
comprise the lateral force transfer system. Within each model, the

necessary kinematic constraints were provided to achieve the element
s ciffnesses 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 (echo) print-out
generated by the MSAP program. The format and nomenclature is identical
to that utilized in Reference 14. Units are inches, pounds, and seconds.

C.1 NORTH-SCUTH LATERAL FORCE RESISTING SYSTEti

The finite element model used to evaluate the north-south response

of the MCFP building is shown in Figure C-1 along with a schematic iscmetric
vier of tne MOFP structure showing the corresponding structural elements of
the north-south lateral force system represented by the model. The element

and noce identification are shcwn in Figure C-2. The nadal point spatial
definition along with the corresponding element properties and lumped 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 ?ach bay of the roof truss was determined frem a unit dis-
placement analysis of the roof truss as indicated in Figure 3-5 of the re-
cort. An equivalent shear spring was used to represent each bay of the ecof
truss in :ne mcdel. The walls are represented by one-dimensional spring
elements (pseudo-axial bearing elements) which have been assigned the neces-

sary stiffness to simulate the in-plane shear behavior of the MCFP walls.
The effective transverse walls were included in the mcdel to acccunt for the
force trans er between the roof truss and diagnragm accomplisned by the
parapet extension of the transverse walls. The effective trans'.erse aalls
are modeled as pin-pin beam elements wnich transfer only the forces required
for the truss-diaphragm interaction. The equivalent soil springs under the

foundaticn wall footings were based u;cn the relationships of References
~

16 and 17 and the estimated properties of the supporting sail developed in
the Task ! effort.

_
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The first eight modes cbtained frcm 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 (a = 2.0), are shown in Figure C-5. Also indicated are the correspond-

ing element forces based on a modified SRSS ccmbination of modal responses.

C.2 EAST-WEST LATERAL FORCE RESISTING SYSTEM

The dynamic model used to evaluate the response of the MOFF

building for east-west ground motion is shcwn 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 frcm the north-south
model due to the additional 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-9. The SRSS element forces obtained from
a modal spectral analysis, using the input spectra given in Figure 3-10
(a = 2.0), are sncwn in Figure C-10.
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APPENDIX D

Wall / Foundation Finite Element Detailed Analysis

The MOFP bui441ng lateral force resisting system may be iceal-
x ~ized as a shear wall box system tied together by a combined roc' diaphragm

dnd truss. The pre-cast panel walls may be idealized as monolithic shear
walls. The usual design assumption is to censider that each shear wall acts
as an indecendent fixed-base, cantilever shear / flexure beam. Often the
effect of transverse walls, acting as flanges of the box system, is ignored

and eacn wall (and foundation) is designed to resist both the wall shear and
the associated overturning moment. Such considerations in the M0FP design

'
resulted in the addition of the external column straps since the single

dowels at each cast-in-place column could not transfer the full design overe

turning moment to each wall foundation. It should be noted that tnis was a
result of tne assumed simplified force path used in the design analysis.

For Icw rise shear wall structures, foundation soil ccmpliance

w 11 allcw relaxation of wall base fixity at the foundation level, A reason-

able crocedure to adjust the stiffness of an otherwise fixed base wall Tcdel

is to consider tne distribution of soil ccmoliance of tne individual wall
fcotings as recresented by a series o# equiva'ent horizontal and vertical
soil springs. Each transverse wall of the box system (and the associated
fc ndation ccmoliance) will act as an effective flange for each shear wall
of tne MCF? lateral force systems. The discrete modeling of box-type struc-
tures with Icw height-to-width ratio must consider the effects of flange
shear-lag (Reference 5) on overall box system resistance to 'rateral force.
A: licatien o' tne relationsnips ot. lined in Reference 6 alicws the effective

wall flanges to ce defined for each of the primary lateral force systems as
shc'..n in Figure 1-1 and 3-2 of this report.

. ,. . . o
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To investigate the behavior of the shear walls and transverse
flanges, for flexible base conditions, independent finite element static

analyses of the exterior walls were conducted using the EDAC/MSAP ccmputer

program which is a version of the general structural analysis computer pro-
gram SAP IV (Reference 10). The model utilized for the analysis of the

scutn wall is shown in Figure 0-1. The spatial and material procerty 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 supcorting soil developed in
the Task I report. The effects of footing embedment (References 16 and 17),
were included in the ccmpliance 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 allcw 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 th.e Exxon 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 rcof line representing the tribu-
tary roof horizcntal inertia loading.

Similar madeis were prepared for the nortn, east, and west walls

as sncwn in Figures D-3, D-5, and D-7, rescectively. The ccrresconding in-
put data cefining '.ne Tcdels are given in Figures D 0, D-6, and D-3. The

models differ frca the south wall model with the inclusion of intermediate
transverse walls and the consideration of the vault wall tnickness fcr tne
nortn and east walls.

~

The distribution of internal stresses and dispiacements resulting
frcm a uniformly distributed snear force applied at the roof line were cuf-

~

cut by the MSAP ccde for eacn of the walls. The resulting disolacements of

. 7:*16'
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the foundation wall beam for each wall model are shown in Figures D-9 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

beam on an elastic foundation subjected to uniformly distributed mcment.
Since the soil spring forces are directly prc ortional to the foundation beam
displacement, the distribution of base reaction 'orces may be obtained by
multiplying the displacements by the corresponding effective spring constant.
Thus, the distribution of overturning reaction fcrces differs considerably
from the linear distribution which would result from a fixed based assumption.

The distribution of horizontal shear force, hcwever, is similar to the classic

parabolic distribution which would result frcm a fixed base wall (with flanges)

To evaluate the behavior of the dewel/ column straps in transferring

the wall overturning (bending) forces to the #cundation beam, the nodal inte -
connection forces between the plate (wall) anc 5eam (foundation) elements were
determined frcm the internal stress distributior. ccmputed for each wall codel .
When the effects of initial gravity (dead) load were superimposed upon the
vertical distribution of node point interconnection forces (representing the
dowel / strap transfer at the wall / foundation interface), it became obvious
tnat the foundation beam would uplift (i.e. , a soil spring would become ten-
sile) prior to overcoming the initial weight at tne dowel coints. Thus, the

static analysis demcnstrated that the exterior column straos and dowels are
not effective in transferring overturning reaction forces. Th. footings will

uclif t before tne stracs and dowels are stressed in tension. The hori :ntal

distribution of node interconnectico forces was utilized to determine the
ccwel snear forces in tne capacity evaluati:n- The wall mcdels also were

utilized to determine the overall stiffness of tie walls for the lateral
force system analysis discussed in Apcendix C. As discussed in Secticn 2 of
the report,tne overall behavior of tne walls (from a nori cntal load /deflec-
tion standcoint) could be represented by a shear-flexure cantilever witi
flexible base scrings. Thus, while tne gross behavior of the individual walls
could be deternined fran a simple flexible base shear / flexure cantilever 3c-

;rcximation the detailed stress distribution at the fcundation interface re-

quired the consideration of more cccclex models to model tne wall benavior.
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TABLE 4-2(a) STRUCTURAL WALL ELEMENT PROPERTIES

%
_ _ . _ _ _ _ _ __ _ __ . _ _.___

fie....

Wall Wall Wall(N A A I tle* IWall Wall flenent Ihttkness, t He igh t , N Length, L j 4 6
% *

De u r ip t lun Identification (in) (In) (In) (la ) (In a 10 )
__ _ . . _ . _ - _ ___ _ .

. _ _ .

Int. Story

esrth Wall I.t-f.6 6 154 516 30's6 68.7
1:[.6-A 6, 18 154 564 6264 144.0

% vault Wall 3.2.b 8 - 6 3 24 154 60 1440 0.5
3.2;b-A 24 l'i4 126 3024 4.8N

w Cent.r- Wall 5 L-G 10 154 492 4920 99.2y 5.f . 3 D a 10 154 2G4 2040 7.I
5:D.2-C 4 10 154 108 10n0 1.05
5:b o-A 10 154 216 2860 8.4

South Wall l):L-G 6 154 492 29$2 59.5
13:f.3-A 6 154 636 3816 129.0

tant Wall A;l-4 18, 6 154 184 5164 48.8
I,' I A:5-82 2 6 154 828 4 9t8 284.0

A:12.6-11 6 154 48 2B8 0.055a

West Wall L:1 4 6 154 372 2211 25.7
L:5 9 6 154 414 2644 53.2
L;9.4 13 6 154 402 2412 32.5

vault Wall 8:8.1-32 24 154 252 6048 47.0
1

i d:. M9'1
I

ther th Wall
|

1.1-A 6, le 154 120') 10080 1350.0

vault Wall 3.2.u.6-4 24 163.5 222 51/8 28.6

(enter Wall 5:L- A 10 173 1200 42000 1440.0 ,

'

South Wall 13.1 A 6 154(31) 1200 7200 he,4.0

last Wall A.I,4 lu, 6 163.5(21.5 364 5184 48 8
A.S.13 6 163.5(28.5 912 5412 379.0

West Wall 1:1, 3.? 6 163.5(21.5 252 1512 8.0
L:).6, 13 6 163.5(21,5 1014 6444 619 0

1- Vault Wal) B:8.1-3 24 163.5 252 6048 47.0 |
1

I (esel ht of Par.6,et Wall h .e Euuf)*
9

Q ly
..

e irs

-

W



.

.

TABLE 4-2(b)

.iTRUCTURAL WALL ELEMENT PROPERTIES

I Wall,,

Flexural R gidity, D*Thi ss
(In) (In /In)

>

6 r.'': - y . 39.4

10 i-- " - f 83.3

18 4 . ._ _ :,'- 486.0

24 ' . - _j- 1152.0g
,

D E Moment of Inertia per Unit Wall Length (Loading No mal to Wall*

Surface)

_

000 00.{|-].|%|QQ ''22 k
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T48LE 4-3 STEEL 5720CTLPAL *i"BER P70PERTIES

"i rc e Is isN D t" ' ''' i N:or Asis i
St act ral w -cee 2 s ., s; n ) 1(:n') 5;:nC.n onents j Oesigratten 1 (In) | (:n ) | t( n

i e
3 h

.
! , ,

,

| I 2.33
'

1

|
i

a of truss frame , 3.17 8 | 5.01 | 56.6 14.1 7.44'

c
20.a is.2 | 5.51

1 3 24 ! a 7 :6 i s2.5 }
l Id*35 | 18 10.3 513.0 57.9 15.5 ; 5.16'

I I"*64 I W
.

Io.) ! Icw.g | tia.a n , ti . !/ 4

Roof truss diag:nal 1 1/2" e - 1.76 - - - -

|per gar
1

!, 57.4 13.5 2.23 1.16
Acof truss sa:oort 1CC15.3 10 4.49
4 :eatee 411 (-eo thickness

= 0.240) I

t snor fit g, i

| 4.00 18C4.0 32.0200 f M i s t | 44 L *10 44
20e8 20 1 2.25 . 206.5 20.0 -

g
-

;

12w3 12 0.96 | 25.9 4.' .
;

i
I _

. ,

|

.

(Pee 12 in.) (Per 12 in.)| (Per 12 in.}}
- ' -

| |hof Sect 22:4 '1.5 O.57 0.18 j 0.21f ee 5-1 i
f

Graeco |,

| , Ste91 Oect j j

|||L1-1/4a1.1/4 ' 0.04 O.05'
3.30 0.04 0.051.25cotst Sc+ogteg

la 1/5 (singenal) | | } g

! L 21/2 a 2-1/2 { 2.5 i 0.42 0.55 0.30 i 3.55 . 0.20
l a 3/15 (Nor'zontal) | l. [ |

f I i
toof Seca (dge L3a 3 x 1/4 3 1.69 2.01 ; 0.79 2.01 g 0.79
5.cocrt Beams E =17 3 5.01 56.5 | 14.1 7.44 |

2.33
6 24 3 7.06 32.5 | 20.3 13.2 |

5.51

1 I'
!
t ' :630.3 7.50 2.0a2nd. ricor Sian i=13 8 2.96 i -

| 21.1 2.55 1.33Sw:oort 3eams 14M 7.2 14 5.05 j 147.3 ,

15=:6 16 10.5 [ 447.3 | 56.5 24.4 | 5.H
,

. i
-

!:nd. T :or Siao 6.Z'. 6 | 5.58 ! 41.5 | 13.4 13.3 4.43
L: cort :sisms 5-24 I 5 I 7 26 32.5 20.3 !8.2 5.61'

'
i 10 33 10 i ).71 171.2 ?5.3 35.5 ?.16'

___

( Pe e 12. :n.) (Per 12 in.1 (Pee 12 'n:$i .,:an:. _ :or :eca 3

: fae Grancs 1.5 I 0.53 0 15 0.18 - -3

Stee; :eca

m ee'ce :21.v 407 25 4 2.13 4.59 2.29 0.43 . t
-rce:r tra:s i.et t34:acess

0.321)
_ . . . -

O

E-3 3M@
_.



IAbl[ *.4 S i h d l uP,At mal [ PIAL I'kOfiFill5 (llMill( (N [55 hallL)

V 6 eld St r a s.gtta Ul t ima t e St e t snith
_ _ - - - - _ . .__ . - - - - -_

MatesIel Matertal
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Flate, kulicJ Shapes -

| dant M6 st e ll anruus AhlM AJt, 36 40* 44* 4u.t* 41.5-43.0 $U e,4 * t,5 * 73* PO 66.3-12.5
' aussy . St r ut tur al Steel

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

i kuol Irwis A$1H AJ6 36 40* 44* 48.S* S8 64* 68* 71* B0
1-1/2' f bar AtlM A441 (42) (46.5) (52*) (57*) 43.3-47.6 ( t.0 - 6 3 ) (67*) (72*) (1s*) (25) t.4 $ 67.S

AilM AS29
.assa-._

bk Steel kouf Irsk AslM AS/0 33 st, . S * 40* 44e - 52 St, . g. 60* 64* -

say Gs a.tv 6 ,

8L %

h&lif Lerles ,bists AdlM AJ42 SO $4" $1" 61* - 70 76* BO* BS* - -
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