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Mr. A. Schwencer, Chief

Division

of Licensing

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject:

Dear Mr.

P.O. BOX 8699

(215) 841-4000

June 27, 1983

Limerick Generating Station, Units 1 and 2

Request for Additional Information

Schwencer:

In accordance with Robert Martin's telephone request of June 9, 1983,
we are forwarding to him directly two copies of the following documents
listed below that were used by Structural Mechanics Associates:

1.

2.

3.

4.

5.

List of drawings used in
development

Fragility calculations fo
Severe Accident Risk Asse

Fragility calculations fo

the Limerick seismic fragility

r the items listed in Table 3-1 of
ssment Report

r block walls at E1 332'

Fragility calculations for shear walls at E1 177'-217"' (Included

in Item S4 of Table 3-1)

Fragility calculations for weakest rrlay (see Item Sll of Table

3-1)
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Attachment

Copy to:

See Attached Service List

Very truly yours,



ce:

Judge Lawrence Brenner
Judge Richard F. Cole
Judge Peter A, Morris
Troy B. Conner, Jr., Esq.

Ann P.

Hodgdon

Mr. Frank R. Romano

Mr. Robert L. Anthony
Mr. Marvin I. Lewis
Judith A. Dorsey, Esq.
Charles W. Elliott, Esq.
Jacqueline I. Ruttenberg

Thomas

Y. Au, Esq.

Mr. Thomas Gerusky

Director, Pennsylvania Emergency Management Agency

Mr. Steven P. Hershey

Donald

S. Bronstein, Esq.

Mr. Joseph H. White, III
David Wersan, Esq.

Robert
Martha
Spence
Atomic
Atomic
Docket

J. Sugarman, Esq.

W. Bush, Esq.

W. Perry, Esq.

Safety and Licensing Appeal Board
Safety and Licensing Board Panel
and Service Section
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m STRUCTURAL
MECHANICS

T L PR
- _nsg,gglgles SMA 14302.01

5160 Birch Street, Newpoit Seach Calif. 92660 (714)833-7552

June 22, 1983

Mr. Howard Hansell

Philadelphia Electric Company
2301 Market Street, Building N2-1
Philadelphia, PA 19101

Dear Mr. Hansell:

Per our recent telephone conversation, I am sending herewith the
following items:

1. List of drawings used in the Limerick seismic fragility
cevelopment

2. Fragility calculations for the items listed in Table 3-1 of
Severe Accident Risk Assessment Report

2. Fragility calculations for block walls at E1 332'

4. Fragility calculations for shear walls at E1 177'-217"
(Included in ItemS, of Table 3-1)

5. Fragility calculations for weakest relay (see Item S]1 of
Table 3-1) :

If you have any questions or need any further information, please do not
hesitate to call me.

Very truly yours,
STRUCTURAL MECHANICS ASSOCIATES, INC.

fitlale -

M. K. Ravindra
Project Manager

MKR:kc



Limerick Drawing List

Attached is a list of structural drawings used to
perform the Limerick PRA. The first page lists

the various tank drawings. The rest of the attach-
ment is a partial listing of the Bechtel drawings
for Limerick. Those drawings with check marks (/)

by them in the left margin were the ones supplied
to SMA.



Nooter Corporation Tank Drawings

JN-D a2enz
4:718
42719 Condensate Storage Tank

42762

JN-D 42770
627N
42772
42773 Refueling Water Storage Tank
23712
43713
53714

Bethleham Steel Corporation (Buffalo Tank Division) Tank Drawing

L-3979 Diesel 0il Storage Tank
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Rulted Loadn'njs = SSE + lore Plate AP + SRV ADS +C}u3

Materal = 304 S35
Flanjc, Stres = BLS{S = R
Body Shregy = D75

B 7he above indormation s not  descriptive enough o cleve/?

an accurate 5"’»*37# bactor. The tube jecme'l‘7 i
the breakdown /n fau/fep/ eond *1en /Cdz//'//m

the Failure Hhrechhold of tibes (e point

un known .
5 unknolwn ana’
where He)/ inhibit SC‘PRM) It wun drnows) .

ﬂenﬂ[w“(, +he frczj/'//'ﬁ 01[ the ju/Je tuber will  be Jc»cf:/w'*/
La Salle and Susiacbamm Plan?s .

6a:eJ on C/a‘f'q, Jc»’t’(p‘J for
p/ar'f,' that df_//ed"cn Q[ #‘—

shown on +hese two

Z+ has been
{av,/.,lf'ﬁ r""DC/Cp

Fiel vod is +he governing
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) frol | Gy ¢ F ods
_Fuel Rod Deflections  (znbormation below obtained in GE meeting by R Camph

Dellection Data &r Limericl was not aJa;'/aL/e , but
data for Susquehannae. € Jor LaSalle was a\/a;'/aL/eJ
4 ‘»\c} were  both 0.66' deblection $or faulted |Oada'rv.

& Limerick will be assume 4 respend e came as Lafalle
Since EOH\ ¢ ‘H\ﬂl MJ weére /w milf c/»d.x/z

& O3 3.; Cause C.GG' &gldmn in Lafalle

o.. O-'s-j.l’ Causer -&%Y -“ = 0.50 e er L.anLL
oo “Genking PN 2
( C‘Afac\‘\’y = > 257 md kel d.‘,;';’aamh'.” (bascd on GE sTuJ,)
asgume 9,67 = “I3 Value & +hat P'E 20 (Judscmn‘*")

A MtAian Co@aa;)« - 0.5+ e = 3,057

Normal Loads were not delineated € will be Aired +0 he Nra '."b/" X
(conservative mum;flbns
fom 202 = .
Unce#ainf, on Limerick detlection es+ mation % 0.5 dor #H< STE 15 unkpown
i but i+ is estimated to be no gmaf'er Han Fa=0.25
Be = (8>+873" (B,=B cn 3.06, Ba=@on 080
i B, = (0.35* +0.20* % = 0.3

* GE tesls on +/pl'ca’ fuel rods and 3u5d¢ $ubes showed ScRAM capabi |4y
Cﬁ 2.5 - m\'d -'pucl dcﬁfecﬁons - ﬂcrckrc 3 a;f'ua| V"\CAJ'Bn 'pq.".ut Jc“e;ﬁon
s somewha? gr‘mf(r.



.

TITLE /L""“-"“"L PRA - STRUCTURAL Prae 3 _or—% _sob No

IV_M oate S lSIZ 2 =m—c,,m MECHANICS  comments
: 82 —_RSSO(IRYES

%5 < o _ fon
CHKD. BY__ . DOATE_l 17 -

Cortrol Rod Guide Tabe ¢ Fuel FRods (Cbn+c)

D.usin'lfty
Fu = L0 ¢ Q. =0.0

Sinc ’H\g(g -[-\uc,l I"OJ de“e«.‘f:'cnf are e/a:*/‘c +}’f( f'a.'/ur(!
and +there wont be any inelastie eneryy abrwfﬁéﬂ.

F&’"" E'F“ - 60,

Be = 0.3
Bey = 0.1 ¢ G, =030 ( estimated)

Egq u"PY"ff‘* Rcsgnn&_ﬁ.ci‘am

Caleslations by M.K. Ravindra  (attached) show +« ﬁo//ouﬂ"f?j :

Fer = 50

Ber = 0.19
u } Ber = 0-3)

GE'R = 0.3

ch i | Re oc o J-:
Since the structural respinie  was j’neraT:J Lufnj a time h:';“t?
| inpu* in-liew 7 a  rEspere Sfcc*"»ln /wJ/"nJ 3 He valuesr are :

Fsg = |, 0 ﬁ;( a” 0.0¢ ,3;fu = C L (gg S'fr_,:*ur‘/
o+

re r’cn.‘c da Te r
'

f((_‘lcﬂ }
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X: FC—"FER" FSR “« Agse
v
A /.37 j;’

= (. % 1.5 1.0 = o.ISy’ =

B = (032 4+ 03*+005* Y = 045

Pa = (0.25*+ 0.2 +0.05‘B“~ = 0.23

b = (0.36> + 0.a"Y* = 035
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All com poncnts 2Arz irodéecd A Time hissory
Aivmiyz: Model ( FSAR Fi3L8: 3.7-19)

/
Spec‘tra/ Shnlue Fa ctor

ez der: val m D Pf"rr .’!rg; contarnrient, J%«(&éd wall

and 2PV SMPPOrt .

v
" : B : o.22.
F o+ 124 ,BSS 22

'Qu(\.‘--tf cntl ion A4Cfr,9a:

.

. 4 - /
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From FzAR FRse 5.7 =31

<

::q : 4.5 H2 “Ar ”'/Jr' nant RPV FPedestald mnode
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A i/‘a;.',.: 15 *h s copaiAy L CL Yri d.n}-ﬂr
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Modeling Error
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= 1.0
FME
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Nuclear Engineering and Design $9 (1980) 2745
O Northdiolland Publishing Company

.

STATUS OF BOILING WATER REACTOR STRUCTURAL INTEGRITY PROGRAMS AT THE

GENERAL ELECTRIC COMPANY *

E.KISSand T.L. GERBER

Genergl Llecine Company, Nuclear Engineering Divisior San Josc, CA 93125 US A

The Coneral Elecinic Company is actively involved in 8 vari=ty of programs whose objective is to evaluaie and improve
the :echnolopy related 1o structursl inegrity of Boiking Water Reactors. Thus work covers many technical disciplines that
fall broadly under the title of Appled Mechanics and includes the technologies of solid mechanics, structural dynamucs,

elasticity, plasticity . and fluid dynamucs.

Gencral Ekcuc programs are directed a1t qualification of the predictive methodolog | design bases and critena used w0
evaluate and confirm the structural design margins of the Boiling Water Reactor Nuclear Steam Supply System. Thus

includes the reactor pressure vessel, piping, fuel, core structures, and suxiliary equipment within Geaeral Elzctric's scope of

supply. Focus of these programs includes identification:, m=asurement and refinement of operational and postulated acch-
ni-type loads, prediction of structure and component response; study of damage mechanisms; and devclopment of

we enicria, evaluation methods and deagn nules.

In this report, some specific activities and sccomplishments duning the last few years are summarized in order to
provide a broad overview of the w de range of technical issues ind progzams undertaken. These activities have been
gouped into areas of: | — Dynamic Modeiing and Structural Analysis; il ~ Fatigue and Fracture Evaluations; Il - Strue-
tural Capability Tests; and IV — Flow Induced Vibration Experiments.

1. Dynamic modeling and structural analyses

Nuclear power plant structures and components
are designed for a large number of static and dynamic
loadings plus combinations of these loads. These
include normal operational type loadings such as
weight, internal pressure and temperature, operatio-
nal type transients such as turbine trip and Saf~1y
Relief Valve discharge: and extreme loadings resulting
from a postulated earthquake (SSE) or a Loss-Of-
Coolan'-Accident (LOCA). Clearly, structural design
and analysis for 2ach type of loading requires applica-
tion of appropriate modeis. methods and 1echnology
developed specifically for that purpose.

The following sections discuss several important
technical issues in the area of dynamics modeling and
structural analysis pursued by General Electric’s
Nuclear Engineering Division.

* Paper presenied a1 the SMIRT-S/USNRC Pane! Session
“Status of Research in Svuctural and Mechanical Engineer-
ing for Nuclear Power Plants™, Berlin (West), 14 August,
1979.
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1.1. Standard plant seismic analysis

Adequate design for seismic events is fundamental
10 nuclear reactor safety, since seismic dynamic loads
are often found to control the structural design for

many components and structures in the nuclear plant.

For this reason General Electric has undertaken a
series of comprehensive seismic analyses of the
BWR/6 Standa:d Nuclear Steam Supply System
(NSSS) reactor structures and components housed
in a nuclear power plant of standard design and
arrangement. The objective is to provide and qualify
a standard reactor which meets stringent NCR siting
and design requirements for high-seismic plant sites.
To achieve this objective, a set of bounding response
spectrum envelopes for a wide range of possible site
soil conditions have been established as the design
bases for these reactor components.

To establish the allsoils envelopes for equipment
design, a series of soil —structure interaction analyses
was completed using finite element methods, in
which the non-linear behavior of the scl is accounted
for by an equivalent linear method. Fig. | shows the
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Fg. 19. Sesmic scrammability test assembly schematic,

assembly by conducting tests at higher and higher g
levels until some element of the assembly failed or
until manimum capability of the test facility was
reached. A dynamic shaker table test of the fuel
bundle assembly was performed in air at room tem-
perature. The fuel rods contained unenriched
uranium for proper mass 10 obtain the correct
dynamic characteristics and the fuel channel box used
had full scale dimensions. The fuel bundle assembly
was supported vertically in a test fixture exactly as it
i5in the reactor. The tesi fixture was mounted on the
General Electric 13-foot electro hydraulic shaker
table. During the course of a whole series of dynamic
tests the fuel bundle was subjected to over 500000
cycles in the horizontal direction with an average
input acceleration level of 0.5 g (P—P) and a maxi-
mum g level of 1.65¢ (P=P). It was also subjected to
over 250000 cycles in the vertical direction with an
average g level of 1.25 g (P—P) and 2 maximum 8 level
of 2.1 g (P=P). Key results of these tests were the
quantification of dynamic characteristics and deter-

DAL o Tl dr v 5

RS S SR T
o = &

G Sewwmic scrammability test

£ Kiss, T.L. Gerber | Bolling water resctor structural integrity programs 4l

mination that the fuel bundle could survive this
ultrasevere dynamic tesi with no major failure or
damage.

A seismic scrammability test was designed by
General Electric and conducted by General Electric's
licensee, Hitachi, L1d., to demonstrate the scramma-
bility of a BWR plant during a seismic event. A

] S g T
F- * - o -
hY RN o 1 S Tt ey AR FT

.m-,gw o 31y Ay s L IR %, £ b ':_u.,%ﬁ Al
S R i AT A WA Y B B e AR

schematic of the test fixture assembly utilized is
shown in fig. 20. This test fixture was specially
designed to accommodate a fullscale fue) module
composed of fous fuel bundles. The 1op guide and
core plaie were designed 10 simulate the actual hard-
ware. All other components such as the fuel suppon
casting, guide tube, and control rod were actual BWR
production hardware. The driving mechanism for the
control rod consisted of a complete hydraulic control
unit and its accessories. The test fixture was
approximaiely 45 ft high, with 15 ft below the
ground 10 accommodate the control rod drive housing.
The test fixture was mounted on a pivoting mecha-
nism &t the ground level, 50 that the fixture would
swing rigidly about the pivoting point when it was
excited by the horizontal hydraulic actuator input.
Both sinusoidal and multi-frequency excitation were
used to drive the shaker during scram events. How-
ever, in order to achieve large levels of displacement
at the center of the fuel assembly, it was necessary to
use a sinusoidal excitation at the resonance frequency
of the fuel assembly. The scram was performed at
various levels of mid-fuel displacement and the time
required to reach 50%, 75% and 100% control blade
insertinn was measured. The dynamic response and
scrammability time for various levels of seismic
excitation and hydraulic control unit charging /

pressure were measured. dn some tests 3 maximum

value of mid-fuel displacement ofw (625 mm)

was obluned. Thus corresponds 10 & ground peak
scceieration which exceeds 0.5 g. Even af these —g—
extremely high levels mechanical integrity was mam-
@ained and scrammability was demonstrated.

3.4. Seismic valve qualification

in addition to seismic structural capability tests,
equipment seismic qualification tests are also con-

-\': .‘._g‘.‘.' :__ ~ ‘;. g Mg 3 rap s 2o e .»‘::"i-' =
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ATy B AR T T g e n
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&Ssn Loads for Bu;“u':, C’nlq

Peoctr \/ccse’
= 2149 kin }
= - " f g213 ‘n’PJ \ , L,
B < Va = 3064 ke knuckle
/
E( H = 2600 kifr
T\m = e ine b —~—
C‘Nanje Skit wall
Actual SSE Loadr .
L. V= 1173 1-.'”
;{( H= /3% kips
%7
[

(M = 443,136 In-kips

Skigt Material = SA Sl6 - 6rade 60 "
A ~250°F o;:ko 3,7¢0 pai Ty = e (2% 760)= 345IL

Knuckle Mateial = SA 533 Grde B , Clav 2 = ( , = 4.5k

skirt  Geometry
A= /387 in*
. = /35.58§ In
x 7.0937 %107

{ Jl“'v'\ AA“ {W’ﬂ GF J,r
Lower Flonge . T P"‘ ¢ ?
r r\j /"'Q /h 4 (w ’ )
Collapse Momedt = 1.2 Oy » X% = fe2nB,329) = Bzt
'
i /‘/3,/30 """U/rw\; eircumberen
for the 3024 kip beolt load

é BenJ-”J '“OWYT " narje P4 l?’, 7C/¢ |' "—fb/ InC iy ~; Cirtin ¢

‘ e
\Chci'u.) Cellazze Momet 2 op = %—5
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G&) _RPV _Support ShieT (Cont)
e pot Cabolds o SR

There are two areas of the suppod“ shirt whick will ke ana/o&/
/) The bUCLa/n n +he S‘n’* hJQ//
) &ndlt’ stes i HHe f/anje

There s some doubt a o U/id‘ﬁ’ an om#ﬂfm/ cam//}/oh

in e féfe alone will caure ¢ falure 7o Ha Rl/nyahw

e dut ‘I‘A- Upper ’,0)’7' M% V.4 a Pfd Ta Sﬁ'nlf Shr [l
Cm'fra//d unJ:/vn on Yk ko shit, ut, we will |
conSfrva)ﬁwA assume -ﬂ;q?L e a -Fm/ure mo/( due o

(\ advers <‘)rfgu¢'njv d\aryej and m%r pm‘/eru w/u:n( rﬂu/f hoa
He tlange faslurce . ;

(

K /} Eur.é[;_y Skict Lall

Trteraction Formula = P/a = MNe/r < 10

/-/ . a;- /.3x J-
~estmatd Jy PDC Lbfnle med /i g~ GE.
(1)~ 13

/1387 in*

= Z.444 kp/ne e 7444 psi

g»_u Pr<0.08 BGu: 0!

Me = 648,136 = /aS5.5
- £,0927 % )07

92 TY4 G4 o 13 -
) T/T/“— 4’_/_;______ = 09355 ngub‘-—-g & __J o3
( " osewry " 33t |8t By, -005 Ba,: 0.1
~ , £: e Brz.oqa Buz 0./3
Fo ¥ oas = ™34 S FY s.q €. 9
.101' Chi(a e 3 i P . w o 7Q'uu = *m
[, ] * . 1.3 % At I v

Mo Ductila doe Fulli 23T e
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Smi{rj i value by the mtio F the actual Moment in He shirt wall
o the design moment In the skt wall will (j’,‘/‘ wt our ba? erfhmak
of the actual moment o A fLrye.

. e J37,706 x 48,136 L el s i
N\n"f‘ Ackal| » /159000 - 77, é’ ™ @ ?’ = '

Mament Clrnu""y - /‘-'IS,"O n -lb/in (Pluk‘, \\;V’ ) ‘ 2

» f¢ = ‘148,80 — O 1.9/
7742 i3
g = 0.l - - .
Ba = 0,05 Mote : Nermal Stey ic oitumed to b O
ou = ©I10 t . /-?us & r*"cnwj/r/.r ¢ =D

-ﬁ o &M M, *:MM AIV'('-\«\—-’ .

Assume O @3 mea ol -2P
b 3D , .9 Br=o.l  Bu:=o0.17

ke = 3
t
BC S (Ovll'ﬁo-l"j s 0.7.3
{9)“ - 0‘ II

(-Ia)u = 0.70
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' = JET-T br & he @ue}:; range 9/% reacthr Vexfe/ :

Fy = VriS-1 = /o8] . ’ SIS L
o SEREIN LT VE - TS0 Baekl M VI el -cuasdiie
: . Be = O.045 ' énon Table . | ‘; Fig08a b

Lu,, = 1T 4 asls™Y = a8 | ‘
(\ .- .,ﬂu'ga‘A—fIfI’ﬂmM . . i .

Bu, = 015

C‘,apac‘ﬂ 1

Fo = L4 % kMl = 26T
Be = (023" an* - asq

Beg = (G* 00N = 0.5

 Bew = (02~ 4+ 015* Y = 0,28

This /s +he eritical area
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~
RPV_<tabilizer Eracht {Eev:’,;/oﬁ)

The MNew Loads Summary Sheet & krepps containy can//,'c@
information as Ho +he cormet load oto Hhe stabilizer l"j“
It is assumed that Hhir load s eiual to +he load on he braclket

7he summary sheet states hat +he overall load on the vewel used
for +he dm'jn was 2760 kips and that the actual overall
load should be 1008 hips (seimic onh) .

The valus within the AAR Table 3.9-6W> page & are correct fov

J-C!% L"‘J-'
Upset = OBE + Spring Preload - 4 = a390 p/
K = 2715 po’
FSAR
Emegcn& -~ SSE + SP""_‘j Preload = £, = 13,730 p‘;/ (-en.{). e shea)
A/ = 5430 odd Cshear shea))
& Normal Shey = O -SPr,:j Pre’md Sty
SSE Strees = EN!‘]CW Cond. tion Shvis
Actual SS¢ Ster = 1008 | Fcpr s
2760 "
US(rj Mohrt  Circle
v
Oise = & ,[(_gz) +7*
»
= /8780 R7B0 \* s J ¢ Trvax ™ 10,847
S~ Stves fn’femﬁ’ ® 2x 7.,
Tmon SI» Qj)@‘!&f

) = 4390 + /0,347 = 20,337 psi

Actual SSE Shwr = /0078

!
3760 »n z-C_JZ? - qu, Pﬂ

4
Aﬂ.‘hm\ SHrra Tutenih = ”g »AlAY = 79233

. o2
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The falure mode for the bmckedt cccups in the weld of Hhe
shield wall +o bracket J'unc'h'on.

The weld material l_; unknown, b w/l M be
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(E-’Iu |S Cova man Wd (
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We will cOmPa s ] 7‘(/1{'&‘ o *thic ul*m-aﬁ" umﬁ‘ao‘—adly_ plus
[070 “.‘d z

5 %‘—2&‘-—&%@., leo , since we are 30m Jo the
ulh’made sy ¢ shea 'R sys‘fém duc'h,ob is "fﬂ’j Je J'or the mag i~
sheld wall ¢ reactor vesel in com fqr:'ran fo Shir rr/aﬁue/]

( ' S"ﬂa“ carmn'fa'on ) o.o DHC’I"H) w;” b( gﬂa‘\#.
70u00(“) q,‘]L
Ffo = 6§00 -0 .
79232
50 = 0,25 (estimated due 4o uacerfain®y weld type ‘sh-rn}'n» O‘Jﬂd‘/\
65' = 0,10
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Al a8%q , Fpw= 19 (/00f)= 1925 4.

Above 00137; the  mrad 0y cm:A-JwL#-; LRV

bl&? a»—-ap d/e-p M‘CH"U—J SeyMmec OT“’I..Q
45154%{) Lt, e fop fqu:n‘ ‘

;-":'TUU‘ HL3= == (L se rm(su-}) F-umﬁ/

( UH: . Mw-* Gfﬂ-«/ﬁéi (alﬂ? + A&}(&/M’ﬂ L
M+ <ot Pk 0-287 + & f/t&&"
v 32X )

L3238 X0 + a198(564) = 237 y0* + Pi/pe” 4 7,

Ag,:: &Sq97

Irar = osq1t 0287 = 0O.8%¢

| Bo om M= O3 Be- ot Po=0zo
Be ~ F. - o025 Bewois Bo=0-20

}Mo.ﬂ‘ o-r /oo—ﬁ /J' (‘4///90’ &, ¥} /.ir J‘u,//n

f'c\«(s. g u«” M
Be= 0.2 Be=010 [Bo =023
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CHKD. nv__f‘{_/t.uni_lf_f.l&_ R 4 o Cers.

EQUIPMENT RESPONSE FACTOR FOR RPy, INTEQUALS

CRD HoUsSIuGSs AND GU'DE TUBES

Al Corm pon ents 2r> tnede ld n  Time “'5;0':'

Aiaiyss Model ( Fser F 5,02 3.7-19)

Spectra/ .:Aaju-: Fa ctor

Sez derivatim ar Friv ”?; Jontarnment, Shaeld wall

and KPv Support -

"
»
v
N
N

ISS ‘R

o= |24 A

Q(,( c\_bt';; cntion Me tr"XD.’/'...

~

Time M@r‘d d'xa%st_s (P rredian. Centerecd ; Uncertan:
¢ dwe 1o hvoeﬂe@ﬂg , d,amf)/,«;g, ¢MIA?«\.&J¢L COn‘\,PVY\éﬂt

]

Cz?;vsblna_ltw. " efc

v
E = 1.0 B =0
@m ‘O
“~
_,‘/f\/)“.g’f\-’;
Qp\/ & ol .';\t:‘r‘.'* a4 - 2'/; da M/Cn\? I 4.4/.:10( gl
OI“"VU“ 5% W ‘oraiclertd. 2 tradion Value
horn FcaAR FRgi02 2.7-31
r - 3 / —~ - | )
]V\ - 4 g H2 -2r 4T wrant Krv ﬂtdc‘)tu MQK/C’,
bor Cercrute Strnictianes A A 2 o crng  taed
' v
QAGrysis g B 2 coreldy LA WiALDan
(‘,
Aoe ,”i,,"v g S iy - d.’amf_,,' & Actor Al
. g -

poe val aaT im
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CHKD. ov_.&tnnﬂm.é_—. -—RS&?&I&[;S

i vCe tre 0 - R R ‘Aaa ¢ thl reoponoee o;:ef‘ra -or

RPrPv Pediwtal o T ot daM/:Anj {e,/e;':, e et

WASH 1258 pecira
- S
= x5/, v
}‘D L at f s .?__2_ - .30
Sa n 1.43
19
IB o '5“7/ ) o (2291, 0.1
b4 . - L — / - ’
D ( - / .63
Q107
- i : 0.1
Be =010 . A 1
Moa’ffr'ng Error
./U
= 1.0
FME
MDO 5 f?mS = . 5 =
For F 35 : /AME 0.15 /BU
Mode Com A:nntrm
Docee r.oot "F,-”E} 1%4 ana\yr.',

L‘:m‘ binatron 9_3. fa't.t/ﬂg/.uv, e Cor- f" erv.ents

Case 3, ZDHorizonﬁ’/ Lénco“fl(lrd

v
F et 0:93 4 B= 006
£cc (€cc 'R

..‘)n»[ou*((,(, Mecrminae Factor
v

Fo (1-24) (0)(1-20)01.0)(0:93) = 150

B = /0222*90’)[52&3;2"'-':'/2- 0.3
icolh-r’ﬂklb ‘) \ - 5 J Do - 31
wat.-.u ,
z 2 2\/2 -
3Q = {022 * D0 +0 006 / s D.¢5

, ~ 3V
Ja = (O.n? 4+ pas’) = p.4a
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HYDRAULLIC CONTROL  1UNIT

See SQRT Ceolont =" Stag c,! a nna

] i
$.H2) - Front to oack 26, 4.2, 115, 12.9
SuAe o sde 275, 4.5, 865, 4.0
Veadical o, 38, 41, 49.5

S'ngu Ay S {‘eo{:s

RRs ([ requined responee spechrum) methpliad k% 1.4 o
Qcoumt  for Ccmf(.m?
H\.CAACLJJ‘AQ cOy-,*_VD;'. U 'L Drn M.J.»,r;"—a, 54; "/clz-"_al

{@V\k‘:, Fngmé M C/L—L(f."u—CAA). 60!\‘(-"9[4

wc.?u : 785 lo.

Elevetion 719.1 ¢t

LAOrr\.OCN TRS (Test Q%mee Spectrum) o RRS at

Egenprent Freguencies - Rekool TRSIRRS %= G,
B i ol -V\.(%
i, 2 4 8 10 40
X 13.& 7.9 @ O
; Z 42 12.4 2.5
v 500 25.0

Horzontad ?o\/cxrw

Avermge over-et ¢
G ~

n
un
b\

Mirmipmuam overtudt z 4 2
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A Calit. Ceorp.

e -/ -
Assume minimumy purertest “ 9s5% pro";cé-_,q,y o4
Survivel

Assume /B = 0.40

E‘ s 4.2 €xp [/'65:- 0.40] = &.a

Th\s 1S eoncervatlye Cica

no Fa&\ur\q went 'TPL"I'(J_
ﬁ? > O '5 CDu\a hﬂ“c ou +‘“L mean

overtest  Pactor o E.C plus seme
ﬁu : 0.37

bump up factor. will 'eaw o i
Sinw. it i congervah'x , [‘}#

Response Factor for Test Qualification

Variablte ane
‘Dampmg
Baur\da.? Condbions
spect ral  shape
Inotrument & Control Error

Accele rat ton Time H:sfory, Varia tion
Spectra.l. Test Method s

Mutltcdirectional, fﬁecfs

Dam ﬁ’f‘?

&;a’tc{/e:: 9/ dlamfm‘?, overtest factor SrLOML?(,
remain obout e same.
v

é:r.o ,6;;.0.

BOundarj Cond.tioms

E?“‘;Fme"‘t <4 bolted s /‘:\bm'a—tor\& and belted
irn e f)(a—wx

Prom NIJREG -CR -1706 Teble 4-6

Bo: 005, ﬁu: c.05

48(: nposite s Bely
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CHKD. ov.[&nn&l.‘uz’__ v—“s.sf?.f'!‘.'..‘s
( &= = 7/ ,8 -
Spectiral  Shape

gok«f variekiorm ovewle.t fa.d-or 'Ae/w.

Horizontald ?ovu'ru,d. Ove rf&ot f’a. cfor Varieeol 7{»«»7...,

4.2 ¢to 13.6. Conoider #* 2 r‘a”?,a.

,@V\ 13,6
/%S: $2 . 0.79/’ Thia Is oll /%

4
Lrnotrum et ation arnd. Cortrol Error

NUREG -cr-1706 FIGURE 4-9.

for fh- = éHZ, and ddmf:rr\? = ©0.085 =
0.2 C}; : 02(o.08)(a): ©.02

C

48B:

AR - Ana%zer‘ Qeoo/wtlb'n s 33/500 : 0.066

» 0.066
AA/AB - —o—‘—a—é - 3‘3

Mediin R/Rp ~ 1178 ox 2 Hz
+28 valwe : 2.3 . -ap value = 1.2

B-. 0.'9 ,.ﬁ"O/?

B o.14

w

"4
N ’
F;QIC- /,__,5 : O 57 At 2 HZ

At 4 Hz, AB = 0.04, AA/ug = 1'65

med . an QC/QT = 1.25 + ;zﬁrange -1 to I @O

[5—. 0 06 or oO.1a

3~009

F s V : O.8

AB : 008 AAlpp = ©.825
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& R, Sy S,
CHKD. ov.J.':iEnnMI_ A
== v/ EE

4

ASSM me egual /‘é.s’f)onsc ﬁfom ﬁ’r.st three riviedey

v o
pR & 0.57+ 0. 8 + 1.00 i 2.79
Ic 3
. +0 e O -
B - o.r7+0309 . o.02 =f

Acceleration Time A"wltor?

NUREG CR - 1706 P 4-35
v
s B i . O
‘F'H - ¢ ﬂTH ® ’BR wa
Spectrol Test Methods
v R .p.
F_=10 /85 = O0.11 Tkt i
ST r ﬁu = 0./0
. 5 See e ia ofron I
Mult « OC‘AQC"WG.L CO«Afern& Effeot S ‘P; ;mn- Pr A
. y Repont
Uniaxial tests Fe = 076 {3; 0.09 =« Jﬁul( S&f e
Gettuca e k Am‘r
Med. o Vector Horizo mZT al e (OB SiAg Ao Veckor
v
fp = 0.93 ﬁ¢ 006 = Fp
A»{Namme..t ud— P«_a,k Vector th ak Axis
Fe = 1.58 ,B=0¢s=/69
Fece = (076)(0.93) (1:58)+ 112

/
- - " ’zJ- - o 0"5
’Becc /09540 256 0.15

_/3Q : O 16 /Buz 0. 09
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CHKD. lv_ﬁ*‘_.ﬁ'un.’ili.l‘u_ prp— AL L

& = 2/ rE8e R — IS —

Overall h?copgrwe. Factor

Fp = (1)01(1) Co.79) (1) 1) (1ia) = ©.88

!
/
2 2 2] 2
O+ 0.07 *0.29z+ 0,0324- Q.17 +O.//z# 0-/8_] = 0.4/

l%Co:r\Po!JC
/7
Ay = [o.0s'+ 040+ 0.17%+ 005+ 0 162]7%. 0.24
,BU : 0.33
bk %
Srrudwt  Kiepponal Faikor
= !
Fos s 1272 Bos =027 F,QSR -0.23 H,SU-O-LB

v
A = (l.7a) (0-88) (3.,1)/4’5, (os) = . 1-249
8 . (027404170 4092 : 0.63
|
/S (O 2314-0.2424. 0151) 2 = 9.36
AR:

o, = 0.5

U
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, m——
CHKD. ov__‘i:un.?_lﬁ.lfi. = a0 s ATES

v = 9/5_/8&

Static amu/d“r-m WL,&O, oot rina Gk

ﬂoou.mm? fAL, fa/\lmq, rmode +o be fa,vlw of
Sv\},)oorts ' I s |

For d,u(;o—is S'.Cc', &Lc,«,\j,ox/&ws for Gemenic
Paosive E?cuzf)m-elvt

- P e o e

N

s 28! B, = 007 ﬁu 0.33

F.. o' J.O& ﬁR s 0.12 ,BU-. 0.10

- I,72- : (BR s 0.23 ﬁu « O.13

Re actor : -

wald.lnj e I W5

F:= 474 B, 0727 B : 0.37

SLC Test tank In Reactor szdm] at F{ 2837
It s a M%4 f)a«oawc equn.fmervt- ?“(‘,(,,ﬁ,/, MW?
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( cwxo. oY £ = _pare L1/ 18Z v—“s.s."..f‘ﬁ.'..‘s
el

Assume it IS The Rame Ao Conta,nm ent
Inst nuns ent ﬁa—, alurmehotors firmchon: A& Sorue
of Na suppby Jo MseRv and msiv.

Su,o?«ue/»a,nna SQRT Paoka«.jc M-]56 ( @o m no.)

Accumal ators o A.?«t #n >3'3 Hz
/n prvr’nar? contanment 745’ L
Scze 41874 - 487 %«7&., @rchored To The floor
Arong G- Slg” drametes botls.

EvenT Sa 234z
K oBE 2.00 2
SRV .50 g
LOCA 2. Bog
ASSUW /]orma[ ('OM = 0. (Con:,er\,'af'\.)()
Y
N+ ( 08E*+ srv?) ¥ < Sh s 0. 5, upael
3 2 !
N+(SRV*SSE + Loca®)™® < 0.9 5 Paniinet
Faudted cond tion ?,aymﬂo
Seispmic  aAnd SRV Gu Aesuintd To  Ouur simuflaretns
- 7 72 e
Fom (sse?s sev?+ Loca)?: (2.197+0.50°42.30") “= 3224
P
U lombinahon 3 ?2? : totad pluss - 141702+ 4 (3535)*
- 15835 PSi
1g:= 49218 pse.
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( oo oYL oare ZL 187 e OC AT ES

Loca WU not conotdewd [ikb% o otwwn ith  SsE.

Conaidie SRS5S  Combin akon of rloponcic  ae rmedian

- I Y
(ssE'+ sev?) 2 . (2.9 0.809" 2.25g4 = 11,048 psc.

S5Rv  C(ontnbofien fo medsoan Ftoponse = Z2.25-2./9

\T,u_d P ev N é W’a) : 0.06 ?_ 2 298 TO.SL
P . SR
Assume fa,dlwu. ot 7,157, = (1.1)(ra) SYCO‘“
= (1.32) (36,000) = 47,520 psi.
SA 307 bolt mateial B: 0.2 e =006 £ ,:010.
v
2 - ot
L Fs = 47,520 S5s i 4.27
11,048 -

For th‘PAm W.L'na,tr:'n\, SV = ?50?

ASSL&)’Y\L 3@ W m,e,d:taﬁv To PNAA N

.50 /
~ I/h i / s s O,
/;:N L 3 /éz i A

0.06 ,
,3555 o ,
Y
2 . [(475.10)2(0-/-?)2 + ‘«295«’2(07071_7 1
’35 - e 0.1
(47,520 - 255)
,B‘Q;ooé /%J:JIO
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A Cali. Corp.

(4.27)(1.05) =

w
4.48 On S3E =0193 Fo:299 on
s:g-_owg
/5 s /0:22*0.03‘= 0.12
[+
A : N
/312 . 0.06 pu 0.10 !
L{lol. ?&wu»’c £9M~‘,0m5nt /LeoFOMC 721.4«4‘0?" for passive
n?,{d eguipme at.
4 s [0
Rev o4
e 016G = 0.12 B :0.1
R, ﬁen,o/z 3, =010

Stracdunal Qeof:om Fa.ctor

r' : 418

( Reactor Bu&u'ﬂa‘)
®s

/81? s023 R, = 013
RS RS

Grousd Acceleratien Ca,paa.!%,
v v v ‘
A= | FC = r?s> (0.154) = (2.99) (1.04)(1.72)(0.15 g): 0808

;R:

4 -

2y 72
(0_06240/224»0.?3) z

= 0.27

I
/ 2 2Y72
(0,07+ 0.10 +0|3) e 020
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( SHKD. BY

FSAR Section 3.9:2.2a.2:12 quwes the followding
Mormation . SLc System is in Reactor Bldg £l 283'0"

Y I ——— s

stc tank i« a cylindrical tank , 9 ft cn damete
and 12 ft A«%» bolted to the Concrete gloor ‘
The mafm‘xuda of te cathguake Cocffeciento for \
SSE an -5 borizontal and 0.14 g vertical Jhe
Y fa’V\J( L giﬂfvt‘ﬁ-ﬂ—d Av? a/\d/73¢.'$ 7nor

b. Bolt <stresses
G, S(o:ﬁw’wg /oadc ¢n'47.ﬁo:¢d 5? Zarz,tli}uake naﬂfro.;
Freguency of sloshing « o058 Kz

|
\
1
a. Stresses in Tha fank bemzng pla.tc,
L Jd Minimum wall Tthickness ‘

e me//ng A

FSAR Secton 3.9.3.1.7 pran‘dc.s the fo/(onr'nf Hifo”no./-u

OBE - wupset Condition 1-0S for mMmembrane
’55 f-OI' b(r\d:)vg#-
/OCa( rnemérc.

SSE - fam»(tcd Conait o L 2% /b,- W,nérar\e
1.85 for bendiig +
loced mem bro
5'/res.res as ?vvtn n Toble 3.9-6 (m)
min ‘/Al.Cj(r\e_gj O 01542 " ACAAA[ s O0.1875 1+
S¥rcss " SAeH /602 F.S’; a/lawab/¢ : 30000 p:
ﬂ . '
Neozzle loads faulted Concatien Allowable loads
Dusc/f\argc / OVCV‘f/ooO £: 830 lbs M: 360 loft

ho2zles ‘ ‘
Accal loads not gien

Anchor bolts Allowable 18.750 psi . Acual 2617 P
Shresc
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/ A n P
( oo ov_/&ii:un_’.l.:‘_ll; = m— s AT €S
F/r57B L
Assume At Is similar to  Lla Salle SLC Tawk
Elev 8200 mm RB of lasalle.

verttcal Ve ssel
w Agh N The buidding  In Limerick, 4
/‘—\'(’-n PR | oAl ™. r.N

CI;-VJ..’II' AL A= =

No .3 Ca 5(’?!::&4 o f\ozz/ea verv R
PC J"—L ' ?A atlr are.

Section vl AsSmMmE a'co«ﬁm

Do ?er\cr"c evalunatien

for adive fw o‘zptl-m ean‘.Pmen.t-
loacls

ofber

Allowable  for N+ SSE +
S for O, Nokk LGS FiAR 33347
” Nt "2 S v
( 5 S for T ,40, B S v
tint T
N Streosrto .
Normal Shreds & vb‘? v shee Mewall <4 0.187
Al 0n? nede % be o0018" per FSAR.
Compressive  Stresres held to Vs S,
Agssiun Shell stress at Nnozzie 7 .80 8
for stainleas steed S =18 750 i, S, = 30,000 ps
0= (1-80) (18,750) = 33,750 psi
-~ . v )
Faluwe at A~ 1.5 Sr = (1.s) (125 x30,000) = 54,250 (25

v
F, - 56,250 . .67
33750
z 0.1 3 - IS
/grﬂafl 4 '5-”‘406 ‘;‘(*Vf
| <
: 041 .
A ﬂp-ovo B, - 019
D\((ki\% /J - 20 M‘_,p 2 ! 5.
P, s 178 Fo o o2 1414
-1
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(' cwxo. oy_i=t pave 1S 1 i v—“s‘?ef'&'..‘s

P : Vo.20%40.06% = 0©0.21 fe =0 10 pu._ 0.19
v ¢
/-; - (1e?)(1.73) = 2.88

R = Jo.a1*+0.21* = 030

Pe = /o 10t+010° = 0.14

B, = 0246

for  nozzle slresses, ch?v‘ ioads  ane uppuw

values . Cal crlolad loads aqe Compared B d@?‘h lood's
u Col edaGd loads are Ve? Conoew vative e

d-amfmj “aed ]4,-,' dou?” Vs median d.amfum?_

At RB Elev 820" (alls) Compare  Peak S, for

2/, disigm  dampirg  wich/ 5 pocer mediom dampiig

Don Sa %e 5
N-s 2.0 1-4 1.43
Ew .5 1.0 /.50

Aae axvg %{ Pee k 5& L Z PA f’a,c tors.

e [tanzes) o]y, oo vas
.2 >
- fﬁ value : f'/:l; ﬁ://n[,—’:): 009 pQ:O-O'o
‘BU-. 0.07
- Sf_)edm! sh ape

Q/‘ Peck broaden /.L? gnd J‘moofr/ulhi

F:g t i3 Eos = 005 b :0 $,:0.08
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c. 7/ s/ 82
Mode S;\ape',

Fv z {0 ﬁMS; 0.15 = /5U

frequency

ng.o ,5{-0-15:/51,

Mode Combm MIO"‘\

v
L = (1'23) (t12)(1.04) = 1.43
v '/
/BC = (0‘031* 0'0524‘ o. !52* 0.1534 o,/;zz} . 0.%0
2 2 2 '/z
ﬁp = (ooe?+ 0.18%+0.12%) = 0.20
Fu z O0.a23

Now look at the tak wall Ae A Potenhwd cticel

Gun'\ ent

C'omfm sthess Al Yo ' 5,',

ASsuine ;oiw..lu. é‘cut';’w“? art 1.1 S)’

-4 1) ¢tr.28 S) v
;:5 - : ——— r z 4.1 F. o O.ISB: 4I7‘030= 5 .5(
0.33 5, S 0.15
/l
- Neo AMA,J:& for éu.bk/-‘f\a
‘ - , . ©0.05
lgmatl ErmEs ﬂFa,«Cu.uc rmode
3 . Jous%o0s® = 0O-15

/ S -
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o v AL pave 01c sy, mm—— ASSOCITES

. . conr cens

/s 8T

/%Q;o:o pu;o.u

Qeopomc Fo.ctors

Tantk &

Conrneldered /_,L?..d .
77—(&«47’}:/\1

dd/v\fm'? ! fm4u¢r\.<? ’ Aftq"rnl. AAQP and

mode Comé/h _Rtierns are not re/g vant.

MOdbt//.\ﬂ_ error

F;ds: 1.0 '[245’0"0 ;A)
Ecc Vertical tawk Cree 3 egupment .
1
' Rce * 0193 pECC : 0.06 = A
. v
Tank wall rvcrm . fgs = 173, f:0.23 p,-013, (g-o.z
v v v v '
A * F For Fps (0-2) = (55¢).0.93)(1.72 )(0-15) » 1.33?.
B, - /0.15‘2*0 1a%+0.27%2 : 033
A

' 2 2., 992 . 0
‘3‘%‘ ﬁ'/o +006°+023" = 027

3 2
*3'-% s /0.!/ «0.10%4013° = ©-19

o

Anchor Bolts

Assume A 307 bolts
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TABLE 5-4

EARTHQUAKE COMPONENT COMBINATION FACTORS

8

Equipment Characteristics Case FECC RECC
Three-dimensional response, general coupling 1 1.04 0.12
Two-directional horizontal response, 2 0.82 0.09
general coupling
Two-directional horizontal response, 3 0.93 0.2
uncoupled -
One horizontal direction plus vertical 4 1.24 G.06

direction response, coupled

One horizontal direction plus vertical 5 1.16 0.03
direction response, uncoupled

[

Unfaxial response only 6 1.0 0.0

5-79
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S'Hmalaru( we. L" Camcre"c VV\:‘B are Useae ‘Hnrtwjluv“' BoH\ LV:IJ“-
Ofen end (A" or Jouklc open end ("H") vmits  are vsed

.......

Assume  +his wall COMFOSOJ)‘F 2 ovtside rows of by@xil
wi#ln COMCre*e or jrou+ wmfil]

2 W - .
f -
A4 . >
' Q. 1 A N *
“w % . » ’ '

et i S s ML

Each wall will be assvmed fo tuke hal§ +he mass of +he
nEill, Frow Rc,‘u{a[;e(‘ MQSQV‘J%EMQ‘.uQC":nq‘ Ngnumek 57 3055
Amrhen (2'1--J EC{.S) P 63, a sold j.”ﬂu‘[’Cc} wall of Mw-|na”r Ay
W:Jc blocks we.'jLs bg F$¢' The coverete mfill s (8 - 2(5 bas
=5 75" w-'Je. Therefore )eacL wall 4akes I*{S(“%Y{}‘W’P:J
for a total of 109 psf.

| 3 .
Iq= e (Sézr){zz\ﬁw

Uncracked Moweot of Tpert ;e_ﬁir. St of wall
q,,

Crockecl MOMC"M": C{ I»‘fr{x'o Pgr lccp'* o{ wa”
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E, = 1000%,, (p.Ms-18)

'F:n o Ul‘l’"ma"e Cow‘rress-‘vc s*rcss. TL«:S o’epcwls on 'H\c +YFC a-F
wortar useal. Values of -F:M are 3"\0&“ " L\uo”boks Sfor wortar
T’Pes M N, 5) O« k., However )acaoro‘-'uq $o the sloea.'-ﬂ'ca%'an
$or masonty a+t Liitrch ) the wortar s TW" PL, From "Ceitera
For Re-evalvation of Concrete Masawrr Walls n Respause o
+he NRC I+FE Bulletin go-1l for L'werek G;kcra+-'u3
g{’a"'a'on )" Rey. B) 'F’m = 250 'os.' b ACT 53)-74 S%nJasz
aV'A IS00 F.s»‘ BY VBC -7¢ s*aMJarJS Therefore y @an averase

wvalve  of 1375 fs-' will be assumeaf- SEES B
B = LI ks ' $

|- - g e ’-

= b, .. . B o 2%
ES—Q‘?HO P4 ﬁm-g&—mrzl.f

()

Assx)me re‘)ar I‘S IOCa*"e) o.vx -HAC m.'“/e 0{. -(’Le wa“.
12 (Y vu) - 0.33(21.Y2.8125 - %0 )= © =P x,, =[317"
I, =+ Y1umY 033G 102, 81285 1,307) = 24,7 w/pt

Medylus of B'vaiura

DU& 4’0 ,ach 0‘? l(vtw’erlee COVCEI’M\‘V\a +L\¢ Fr:fer"'.‘ez, a;’ w;rlar
Tﬁae PL) ‘H\C woaluf\.s a¢ v"ufJ'}’ure 5[“” 'oe Se"' a+ ZQF'SI'.

. M, = (0.020 ks.'Y;%%;S = 127 ""k(:t

Due "*0 ‘H«e ]L‘zw Camf)ress.‘ve S‘{‘rewﬂ*L a( wasonrf )-an Wa“ .'5
over - re:wferce.'(, TLCre;cf‘-" ;eufm} w”' \cc q&vervmc[ b crusk:w}
0§ +he block. The 7.'eu woment will be taken o5 thot whicl
Cavses a HoCk S“"res% eiuci' +0 85 % of +he CrusL:wg stress
) (1375 ksi).

; M, = 235 (0.85X1375) = 214 ket
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EQ v:m led’ Sﬁgme;s

Equation 9-7 of Ref. | will be vsed +o determine +he equiva-

lent s+ Ffuess . This s+Ffuess o’cpeu's on the warimum

mowent i Fhe wewber when deflections are ben calevlated

A +7P"c'l valve Hr 4—“? wouewl) Mgy will bhe +aken as ™,
oM, = 0.5(z14)= Hlo w ke

I, = (%G;E?Ig - [l" (‘,:%E?]Icr
@S] GBS Teu e as s

E " h_‘ !; ! . ﬂ Il: l ot R § & i
ea+‘\er ‘{""‘an a‘H'cth*' ""0 o’e.“érw-‘v\e -H\e var.‘al—:ou O‘P Se:\SN-'c.
Mpmtv\'l’s over 'H\e ‘\e:ju’ a¢ -H\e Wa” ) av ezw‘va'ed'
oniforw acceleratlon wiil be deterwined for each ‘wede,
This acceleration will be {tnken as +he averase over the

L\c:jH' of +he wall, Avera«je modal valves will be adled -
"’Dﬁ&""’ﬂer a‘DSOI'U‘-elY as retw're,' ‘)71 'an FSAR.

Dipnonic. Avalysis

The wall will be assumed +o be Q’teol o +he bose and
P:vwse:[ o+ 4Le 'lrvp TLc wm’e slro’oe "5 ?;ve_w "v‘ \/Jbrz:l:.‘ou

fmflms " Ehg,_'\gu.r_:na_) H Tiwoshenko et al )“fﬂ‘ E—ap.) f).‘ﬂ?)
prod: 5.”-1) as !

X: = coud k x ~too kix = ot (adnd ki -aiw k;0)
H where o = (o kd -cow kd ) [(aind k; £ -in k M)
The fovdamental Frequencies con be Aetermived Seom Hhe
equation Aam kil 2hed bod with & 73w (KYVEF
E=1.375 u&bfs,' oA < (.IOQFST(\(TIZ%}X?!‘::‘%\)
I=-24a "“"'Zé( : = 0.0235 _1'9“?'%1_
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L=(Rso 0" )-(1~6")- (33107 ) = lb.g'= 13

'

S Wass- nor w\a’-'reJ; HnereJ

Tl‘e MOJQ sL-Fe q«'»en on F 4l }
€0rc) +Le -fr,A.'omJ wiass Far#k:rn ""‘j :v\ tacL waJe l'S

6:vev~ kY: j 2
FM“ = [ !X‘Ji]

A: ‘(4‘/(’ {,' FM., | Sa
| 34266 | 239 H | 0,739 | 3,244 }Sw below,
2 7068 | 7.74 0.00b8 0.6

3 10,2102 | lb. IS o.1ng 0.bl
Y

5

12 2¢ 10 27 b2 ©.0019 O bl :;:(0-5'63‘7*&6‘(6‘4\
| 1b,ua2d [ M2.15 00429 | 0.l

No £loor Sfé":.“‘ra are cj»‘vew for 57 ‘d‘aw‘f:wq at El 332°-2
avd El 352-0"
Pre’sew“cbj a+ M(s“’ (av.er e,.le'./al':ous, T‘\e N-S -Cfaor ’)Feclra
at +hese elevations lpea‘: at 2-3 Hz. C&wFar-‘nq +he Fea‘:
reffo,-se z‘n *H\S “:ova] 'F.’r 2% Ja»-fe,j S,.u?c*}ra 45457,- :’aw‘fe:/
g’aec4r. where 'Dcss-'He 5 the 2% a[a,vff:’ Sfﬁ’c‘{’ra pezks are
ohiovt. 15 dimes tha §% Giayvf‘_":) ‘.feﬂtr.:: Fe.«‘:s. The 27
u{i.z‘/dé"( ‘s’ﬁec*‘r-.w o+ E | ‘5331-5‘" 2¢ a Fen.‘: of 3, 23 Lor

a s..alf Floor o'(,cf.'. of 0.M%a. Frowm f; q‘\ +he Fealt flosr
sccel (PFA) shovld be 0.56-3:5_. Therefore )-H«e 9$sf.w€t]

-

i ‘ ”
H0w¢/cr) 570 o’ld-Mfff"\ ‘:Cfc.';r S ec"ra are

57: a(o»xff:{ Sféc"’?‘u.w FCJ'L "’4’0«}-" Ge

- - gL g T A i \ '
(S0, 7 372 (255 Y5 0= 220a  for 45 elevatian

$. 134 %or a PFA of 050s. From F 9, Yhe PFA should ee

s . - ’ f o
&,L—"E";. Tk:*rc*r;rc )4L-5 2LS ,w’-( 57, o{f‘,.'l’.%' 5/3?:4?_”- ,:6:"(

— S [ ’ 4_ | '
‘he L 0 dawge: Ef-: ctrom ot E 3820 bo: o lce‘f et
I

V\/C;.f', be
), - 4.3 (L 3

. - | L
4o . s I, & / _’—Q
s

-
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\

The average acccl- s ‘{(Qa‘fs 3"3 :2‘4.3

Tlu rotio of +he accelerations oF 2% 004»* e'! ] euh—a to 5%

wfej s,nedra at F=7T74Hz :s approt. ma*c', |7 The 2%
a’aw«PeJ Sfec'}rum for £, 332 ’0 at £27.79 Ha «s 0‘733 for
o PFA of 0.4804

-‘.(5\'048(oqu7‘) 0 _—

The 2% olaw el speu&n for EL 352 “0" at £=7.74 Ht ‘i
‘0 851 for « PFA of 05'0

S (8, = 0. ae(%ﬂ“-fw) 2b5,

e cel. of 0.b74
Usc an av ac 0'7535
Total accel = 0.739B.24)+ 0,0068(0.67) + (1-0.739%- 0.0068Y0.61)

A Wy
/]
/ L — »
Wy w
" ( 4 “w,oow (0 v
J 7 .l v J 1
L, L,
j g 4
w, [
2M, = Y M, = S
UM )
Wy = L Wy 2 ‘ZL—':"g
L -~ ; H/ 2
"
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[ 3 PEN) oave.  RNZ —— MECHANICS  commenTs Pﬁ“é ¥0f :
A AT
( ) CHKD. BY pare_1 1 oo e L[ R st

ResearcL Suwmar'zej ‘ Ed ‘{0 "nol 'Ca“’es -Hn + {—Le 4’ '.«a“
s*renﬁ”\ m&‘["\oJ Je\/& !opel ‘Cor f&u\wcorcei COncre4’e, ma, afpl,
+ (,oncre#‘c block . Assume g, = 0.003

f.«u A .E,{_ _ 000) _
]J ra 0.85(!3"75r1ﬁ|1) ry %_ ‘55

& = 2‘1.10"(0.003\{-2‘133-‘{ - %\ = 87 000(3-3—'1—{ -()

_ (0003 87 000
mwb]i.sus (87000 ¢,>3'3'25'

o.as(fzvr,os;y.z Y0.85.) - 87,000 (%BAS - lYo.m =0
: q‘t.C:,-bb >155" y '

There+ore ) the rebar has Y' lJeJ am’ = |

a =0.85(1.55) =1.32"
()

UMy = 0.85(131s XY 132 1)+ 03%bb 00028125 - [5)
“34)7,5 n-lk/‘F+

.bb(39,216) - b .
w, = -—-k%t_l—l— 18 vogs © 142 p;"
The wall we. qu 104 FSF = Accel. = _L'il,— ‘7303
v o L%
' Fs N 'Zgo 'LLL

ASSUmc +he wall :S comfwseJ of 2 0u4s-.ale. rows of
BrBrlb L‘ocks wf‘l'l»-u conerete wfi1l,

Width of Fill= 18-2(7b28)= 2. 75"
W+, of 7,, % whill = 5"_(/‘45\11‘%.15: 17’;5:
WH. of 8.8x!b wall =42 ps{

) L Tetel wt = 104 ps®

_(.me_a kml_Lve } of Tierta
Ay = Ti (7.62;') ()= "M‘ﬁ‘”’/f{

4
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By liéf;

Croc kea' Mgmgn“’ 0f Tvertia
. 'y ' o
12 (2 Y% - 0.33(201)(3.8125- ¥\ )20 =2 x,, T1.b0O2
: |
e et & 4 2Y (. 602Y +033(21.1Y3.8125- L.bo2) = 50,5 M//,./

= (0.020 ks Y5ams )= 232 ln-k /5t
= 423 (0851375 ksi) = 36.8 W k/st
Eq_uiuzjcd S+ifCuess
Mo= £ My = £(36.8)7 184 /a-k/py
T, = (322N (03) « [1- G2E) ) (s0.5) = ;_3_,[&

B

ol o - 15 Secl
( ) £ s I.375‘*:0 ps )oA 0.0235 oo
I-= sl 3“‘//-(
£ s = (k. ¥ \J? {L k. z ;
= (k 2Y Wﬁm(‘@f (kY (0.2224)
A k j FM sa
l 3,126k ‘5.*4‘5 He | 0.734b 2279 |
2 10620 .11 0.00b68 0.9%q
3 (0.210% | 23.1 O.1118 0.6
Y 13,3518 | 31,65 0.0014 Okl
A+ lawar eleJa""-lﬁJ\S ) ‘(’Lie ra*.'o Le*weew gf;g'er;n;."w a‘:'
343 Ht Qor 279 é;."MF‘.?J Sf€c+ra ‘l’z &Ia«v Ol Srf lra
\‘S abg,i" LSS A+ E | -3-32." 4[»€ acsc e ; 47 Y3 H;
) for Ure 2 % J //.{ s’o?c“r e ’S 2 794.
( g g /”“/6"‘71)/15,) 2lsa
52'-0" y e accel at 3427H: §or +he 2% 6’-"*"‘*"',
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() CHKD. BY oave__L | -_nsg»ggmgs Bujufwu

s'oed-w.« s 2,99 4. '
. g # 2.99(2EL Y ) = 2,49

Use (5% + S, V= 2218

A+ 'ower eleua"'\\o.ns X the ratioc between acce(era*c'ous at (.11 Ha
*COr 2070 Amm’oea’ S/Oec‘Lra 4‘0 57a o!aw,oep' Sfec'l’ra \'s aloou“’ ).4(}
At El 332-0", +he accel. at (L1IHz for +he 2% dawped
Sfec“'fum s 0.783.

' S 7 09855 Y1) = 2824 _

A‘l’ El _552"’0” ,'Hne acch- a+ H.”,He for +LC27¢0’4~F¢J
Sfec'LruM -.S ‘.”3.

¢) " S, = W (255 e = o3

Dse (% + %, ) =232
Total accel. = 0.73%(2.27) +0.006% (0.92) + (0:2536 YO.61)

"ﬁiq-

Acc;’}aro}fsw ¢l
£, - 67000 (EEE 1)

e
0.85 (1315 Y12Y0.85) -87,000 (2E%-1Y033) =0 = ¢ =2.05"
Since +hig s IArﬂer than 155" )é:l.ff" (see p 1)

M, = 0.65 (1375 1Y 13234 )+ 0,33 (bb)0oo)3 8125~ 1.55)
= bl 4% w-l1b/54
W, = Lﬁ%?gils (€3 —'—L;q = 219 pe
) L Accel, = T10|—;‘;2.0|03 =?l§5-" 2,;: > 1.09 oK
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DEL 332°-0", Control Bldg, | E-W Wall ;20" wide

Ver“\‘ul ‘relnr :5 *7@”7' Eacld Face
Al cells ram‘eo'

Assumwe <st wall /'s COMPDSBJ o 3 ou“‘SrJe rews of 8x€xlb
blocks with concrete Wfill

Wt o8 W$ill per wall = ‘i(lqs\)l‘f—:"{‘%ﬁ&= 53F5'P
Totnl wt = 424 537 145 psf

Uurﬂkﬂ, Mam"’ E-F—IMI—AA—FU—QAL—L‘Q—MJ—
5(7.6257 ()7 3t

_Qu__k:al Momeut of In_e_r_Le__gadEzL_sz_l
A, =00 ()= 0.45**/,&(
Gz (£ %Y -04S GLIY3 8125 -3, )=0 => x,, ~L781"
ol (llYl.76‘1)3+ 0.45 (21.1Y3.8125 - 1.7181) = Ll 3*‘“4&

M, = 0.030(3%%) = 232 =M

MY = 7799 (0.85(13715) = 4oy mkéég

T, = (32T, « [I- @BV, =had /i

D;’V\am.c Auh{zs:s
2z i X 7 E'l ,:i ' ?:L
= (L‘ /i} (T; ) (ORI ?A:(“{SPS;Y‘-{T ’-S_S:a' _ET'__ 3
> o
=0.0313 “FH

6 (DY GONBESs = (k4Y (0.2120)
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'—n3§ 9:5 'B.I.ES

B Q. ‘J t'p4$

;s B o £, EM,_| S,
i l 34206 | 3.28 Hz| 0739 | 2.57
z 7.068b 10,62 0.0o0b8 | O
3 to.z1oe | z2.l6 | ©. 118 Ol
Y (33518 37 90 0,001 bl
Tkg gu‘rd :refueny ,I‘S cl&sc eiMujL -‘»0 *LE \‘S: C"C?Jem"
listed 0w p, 45 4o use the 155 Sacter, A+ EIN 33270

the 2% o’am eJ Sch“‘rA’ accel, a+ 328 He s 3.043. A+
El 352’-0”, the 2% e-'o.w\feo’ Sfec“ral occel . s 3.303.

LUS;m] Frev:ovslr._ s-‘w"e«l. wetheds ) 54=‘2-533. The other
aceels catlone SLaY Lhe

Tohf accel. =0.73%(2.53) +0.00b8(0.92)+ 0.2536(0. 613
= 1.0}@
AQQQ lera“’o‘en ‘:Eﬁﬁﬁl‘i*
000

J A,§¥ - - "
Cwax ~0gSkL (Y)Y ~ O0.85(137sX 12y = Sullf

0.85 (1375 X12X0.85.) - 87,000 (L2 _Nous =0 = = 2,259
‘L ez 218"

Same.,

a =0,85¢= 1.800"

¥ =0.850375Y 1Y 1.8005(%) +045(bboor)3.8125 - 2.118)
= 73 047 o -k/ed

W, u,bﬁ(l‘/}éem - 217 __LL_,‘ = 25| ps§
A - loigp. = F- LE-0gd
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) /)e'-./c"o - /guzﬁ.JO

From F Ms-it
a 54 -'c EM er.:{i ABscrf"-'on

pe'C. 1o .‘r»otco*l»ee +L\a+ toloclf waus JO ex‘«L* Juc#!e beLa~.~‘:r.
A M'rJ‘av* o[ucl‘l'H ef 2 widl laajar{“w«-'c daw}anl ¥ PR IR
Assoc a"eo’ w.“q r)wjtwﬂe$ arﬂl uwcerjrnlvi-\{ of 0.20 o '5?5‘
"Cff.‘,’;:l've//y are est, wa"";l Use Ref 27 deteran e '5,,

f=10"%
-030
=3.00 = .50 = +l=2504
{
?—_ -0,08 _ ?’
r=DMENA = 0.39¢4

o

(F/" 4) > r(:z Ecqﬁ(z)-:.sm]&'}“ = 14S
. o‘“’{zs:u"& 0X0.20) < p | (F'M"C)

2.50°(2.05- 1.501 .

~

=01l = B =Voirio* =218 (p M-b)

' | ' \ \ |
T'A.% -(.«r;*cr ref;r-:w»-J-s *Le COWnSEr /a;-%,vv‘\ &{ +L.e *mc L'sw‘-orf rcsr:rv‘c
1

//eaj_r:_,l/ o'i "'La

Fﬁh" VS,

‘+r c* €S notura!l ,*req;f»‘c;fﬁ. From 4he ?-F cTra OF ‘3 es ,an

avd +he 34 WASH-I1258 ~//€5J’ra o - da.vf, wa
& ) ~
§ | €, (<r < (gH H”Ji F';;'“ E:)[ ‘J-L, F'!
235 4 # < i C ff'q | :bf' 0./ l
7.2 . 21e7 0.329a4 I, 199 0. 12 |
. 0.205 C.22ba | 1102 o2 |
# | O. 7] a : l.CZ0 O.03 l
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Since +the lower mades  conbribute Fhe most $o +the overall
S*ruchre rQSPDMG) 6230.20 apfeors reasoua“e,

570 jawf:mj was use«’ ;n 'Hﬂe aualr!:s wlm'le, /070 J“W‘F"“j

's counsidered o be +he median o’awp-'.«g valve. There 15 wo

(075 AaW‘FCc’ Sfec“’rwu G-C -H»\e +;me lﬂ;s*‘arr ) Inowe..var. Tlaerefore)
the WASH- 1255 5o /oerccw"-"c §fcc4'ra will ke COMFdfea(
Qﬂf 5.70 an ‘070 olawf)-‘v«ﬁ‘ '

CF | Sa (Besn)Su (o 10%)| 2SR AL F

322 Ha 03174 0.248q | 1278 015
10.b2 022rg | O.l454 | 1138 o.1%
22.1b on 0.:503 0.:503 1.0 O

(36 = 0.73b(0,25)+ 0.00b2(p, 1)~ 0.14
14 _ . Be -
('%Q g \gh.zg'—"‘;@il (3.)' L 008

>
”n.n;L( é“bé;{S‘,’ewl
See 2 M-14 $or me“«o?lo’«j-/
e =020 = {I = £.67%= 041875,

5] ¢! Sa | FM
3.2¢ He| 269Hz | 3,244 |0.739b
662 | 8ba | OLea | 0. 0o
22.0b+ | 12,14 O.bla | 02530
Todal S, = \[o.7330G.29) + [0.0062(0.62)] + |0.2: %@ 47
=72.4Y04
Accel Sropm F."ig = L€,

A
<

~ :_,'r ! .
s ‘i ) - C/n (,{3’/'\}‘___{)‘-4"‘
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|‘ mﬁ'{' cl.'M (SJM

The FSAR <pec.fles s'wmn'uj*"l\e aéso'u‘-e Va,ues of 4le

responses, The SRSS response acceleration would be'

A~ 135273%(1533]1* [0-0069(0-&)??[79.2535(o.e()Tr

= 1.333
#nc:'%;'eea}’:ﬂ /39 = 5 b (%"):_0___-03

n‘ " (%4 CM"’ ! 4 W

E'W avm‘ Ver“c.a‘ EQ COMFDMC«"‘S are v\o-l' eﬂpec'h»! 4’0
have wavzlk egfe.-;'.')IC ary, on the resulds.

S P 2L v Rec0.08

V_S,pec tral S "\ag_g

The Peak Cloor accele rations ) 0'56-”? at El, 332'-0" avdl
Cb"‘b“‘ a Lor Fl. 352 ’-'0”) wLere 0[)47.‘.4.,‘ ~,)$"m: +he FepaR
me+L¢o' Q‘r M[;’a[ CawL:vaJ’.'am Wq‘l’L ‘,'Le 570 o‘awfe«,[ SSE sfe.f“’r,w

(/':S:v’\a 41’\: WASH-I125F (07 a’.au»fe.«! W\Ecln.n-ﬂ Slﬂec‘!"ruw:

El, 332%0" El.352-0"

Mede| F Pact, FocMede SL] S, *Accel'. Mede Sh| S ; Accel,
| |2.90 He| 87.59¢|0.0119Y4 0.2475%’ 0.25840.01328 | 0.24754 0.287%5 |
- 1.9 249.086 |0.0c4234 | 0.1201 10,0272 0.00c01S O.zzm‘- 043551‘5
3 2. 11 224,742 |0.C07682 0.1848 ?0.035: ©.01263 |0 1848 50.6577 !
Y 17.04 Flb.blS |0.0c1230| O.1603% | 0.0033 +0. 01150 l0.160'5 59,535@ |

Se| »20 | —  l0.04144 0.1500 0.0062l0 04224 0.1500 |C.cOL3 |

£ Mass +hat hos et porbicipated yet = | 1= 2 (RE) (M5,

SP.S Accel for EI. 3’52"0 ' = 02634
3 " SShE ALY o 0.295
l Ave Accel = €.5(0.263+0.225)= 0,274
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Use WASH-1255 10% dawped 841 percentile spectrom

El. 332"-0" El. 352%-0"

Mode | £ [Part. Fac|Mode Sh| Sa | Accel Mode Sh| S | Accel
| 21042 [87.59 |0.01194 | 0305, 0.3153440.01328 | 0.3015a| 035074
2 7.24 29.08b [9.004234 | 0,2572 | ©.0317 |0.00001S| 0.2572 | 0. 000)
31l 24,742 |0.00782 | 0.2000 |©.038] §0.01263 | ©0.200b | 0,027
4 117,04 |~1b.bIS |0.001230] 0,16Mb |0, 0034} 0.0150 |0, 1646 |0,0315
Se | >2p | = lo.ountb |o.1s00 |0.00b2l0.04224] 0.1500 |0.0043

SRsS Accel. For EN 332"0” & 0.3“71

!

El. 352-0" =0.35 84
Ave, Accel =0,;’(0.3:%0.3533-‘0;32@

U Br s A (8330 2aa

1

(A

T % Ja»-fa~'wa 's covsidered o be at lo. Usina the WASH-125s
7% o)a.r’:eo" w*ea'n‘av‘ Sfec“ruw"
| El 332%-0" I ElL352%-0" |
Mode ! £ ;Pur+ Fa:%Moale SL, S Accel, ||Moole SL;i S Acce .
| | i |
I 1240 He| 87,59 [0.01191 { 02850/ 021819 00:328{‘ 0.28504 033154
2 L 7.9  |29.08b 0.004234! 0,243 | 0.0%03 }|0. 00001 1 ©.2463 | 9.000!
3 |12 0 -24.742 (0.007682| 0,190 |0.0373 001243 | 0.1960 | 0.0b12
Y ‘ \7.04 -1b. 15 ‘0.001230 0.3 | © 653')f~0.c«1/:o§0‘1634 0.03%
) | S+ | »20 | —  lo.04Mbic.1500 |0.00b2 ||0.04224| 0.1500 |0.00b3
" SR3S Accel For E| ?-s;’-o"-—ozozﬂ“ Ty
| | El 352-0" = 03394 ve. Accel. = 02203
r 20\ ~ 1
('4,‘,:-}/. (@—;:—‘, y= 0.1 = .= = 0l ¢ 3, BF/.‘:__Q ob
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DATE

11

Brs

S e O OCIATES

=0.l0
< B (B850

¥'¢‘(’°e”¢y’ o" .C‘ —E <

0,20

=

_B'JI u;w%‘

B,

W Nere S,; -;

= \J/?‘_ +0.10"

2 sloec_-l-m{ accel, or

El, 332-0" El, 352-0"
Mode | £ = £. 6% Pard, Foc | Mode Sk S, Accel [Mode Sh.| " Sa | Accel
| 12,37 H2|87.596 | 0.01194 | ©.24754/ 0.25899| 0.01328| 0.24754| 0. 28714
Pl bbb 29.08b |0.004234|0,2400 [0.029b Ho.ooools ©.2400 | 0.ope!
3 99| |-24.742 |0.0076282|0.2009 |0.0382[0.01263|0.2009 | 0,028
4 13,45 |-1b.b1S |©.001230]|0.1742 | 0.003b-0.01150|0.17T12 | 0.0333
1 18.64 |-13.913 |-0.003772 0.1515 |©.008| |©.0032840.1545 |©,007]
b+ >20 — |p.0llozl 0.1500 | ©.0017|0.003398] ©.1500 |0.0005
El, 2332-p" El, 352'-0" ,
Model S: | Se. | Bre: | B S, Sio L P | B
l fo,nfgﬂﬁ 0.258%| © | 0.10 0.287(0.28M,| © 0.0
2 00272 |0.029 |0.085 | 0,13 00001 0.o00l | © o.10
2 (0.035|0.0382 (0085 | 013 | 0.0517 O.ck28 | 0.085 | O3
4 | p.oo33|ooob |0.087 ! 0.3 ‘003% 0333 | 0.085 | 0.13
S o0.0018 |Cc.008| |®.03%8 | ©.1] O.o0bd| 0,007 ©.029 | ©0.10
L+ |O.00O1T) 00017 ) 0.10 (o.0005| O0.00051 © 0.10
For EI 332°-p"
- - n HYC t 2%
- o GZ8] + [0.088% - o488y o (55R 545
0.2078 T 0.64!7 !ii
[0 (0293 /] ‘[9-10 .26
=f:.!gz
FOr t,:! 352"ON :

B,-ga.10




!

we bweo o STRUCTURAL PAGE_=_ oF____Job No._
av_REN oATE_L1217 2 XA iancs Lovde

COMMENTS Koo o i 10
SR T S ST A ) s
CHKD. BY oate__1l | '—RS§3§IQIES B e
"7",’[ v " ” R = L
"
r Them :.d._:h le‘—t Au /36
T e 8 OO 020 | O
Trelasr e Brorsw Abaoeprion b S OV OIS L O
Ssectral trare (Sheatremy . L0 . pro O_ . 0w
rmics (Subagatem’) RETEC. i RE ¥ e 0.0¢8 0.1
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| Spectia\Trepe - 2,17
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|
|
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| Soi\=rpchyre TrteracHow
| Toral - = 13,44 | ©.

oy o,
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