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

. .$
f g .e e

*tc *-x . | *).:at .s . n s a- .:
I'a

. y. y. - y :~n .g.:. : .s .T . . n . ny, l|. .Y..v ,. ..e.y;.y.m.. .
,,D....

. , . . . ,

|N < ? 'c . f : '^I.; . .? .'.>..,*'| ...''s.-. a p .' -
. ..

' . '
. j . %. _.'s.,..! j

. , , . . +

.. .
9- .' . . . . . p. .4..,.,7^ , . . f..

-
. .u.v. :7 .. ,. ;* , . .f

y (7
- '

. .. . c ; . .w ., .

. .e33,c y .,. ..; 1 ., . , w. * - ;y.-j,3 * . . v -
.

-

. . . - ~ , . .- <.-

i .
.

.; , -

y < <, H F ,e .. a .o t g, a,w.. ; p.m . . .n m
_

,n ;w,.. .. a .; ,.:~ - ,.
,

.
.

E
-- - -

.F HARSTEAD ENGINEERING ASSOCIATES .* INC.' ..' J '%. .. i '.i. :'. ~' .

A
. x. . . ;>, m% :. |, q - . i.m . .G4n gw.;-

,. - . ..
. f , , , , . s : . g.; . ;.-}; ~ . . m .. . , ..

: c s.a
,,

.

c. . -
- , e .-

'
.

169 KINDERKAMACK ROAD, PARK RIDGE, N.J. 07656 e ' Phone:(201)3912115 W ' q ." : Y: .R& '

'

, , . .n. ,.h. , ,,,. %. s.: o V . u.
; . , . e v. w .. . .:. s , .3 : :.:v.w:~, w::.*y:. ~. .

-W-

2
n., ., . , . . : . ,. ,. .. ~ ,,2.,.? w: .4

:
.;

-s; + a.
., , , . , .., ,

....",i,....
-

s. . .o .. ,:. i : , o.. :. :. :, ,. ,.
. . - .. w , e.cu n e.

. .... .. . . . ,
. m. m .

i :w-p p :. g; @.~ .. .
g...., % 4;p. ;;;-7. . , ... .- . .,.. . . . .;..

M 4.n.q:. .. ,' v ,2 n ;-; ,. .y :,. .,: .c .
. . .. , ..

q .7, ., .. .c. - ,.C.l,' ,r, . ,N DRE SDEN. < 2.:. &.'.
3 7 . ,. W,. ., v,/>p:J. .b.~ 2. 5, '.'@..9 W. N- . ,4..'.J+ :

,

.. . . a :". . r::
. ..:..x..>..,.,. ...,n.; . s. 1 .~ . . . ,. . c. c - ... . .,..

a. .. w.. ,,. . ..
+.

.

4: .c . : . ,..r:, ..
.

.
s . . . c. . -s,

. . ~ . u,a. ;; q,h .; M.. ,.,.,. .
,e . N.46. .y.F, ..'y. .o.;.:.a:,g:

. ...s
.. ,

.b ,.
.x.u., u :;, .;, wn. , . . >.g) . ):ryn.%a.m m.'. . e :u%..M:- .Y|6:. c v. < .,,$.'j,.:

,

'hy . , . . + 1:, g.p. . . .;:
: , , - ... y . .

, . . ~ . . 5a .q

FUEL POOL. SLAB ]M.,.a.
v. . .a .- - c n.,, w,.w .a * v, , . . . , :y'. .

[g
~.

IMPACT' EFFECTS.ON, SPENT..a. ' . ' . . ' , -
' -

. - r. . - p. .z. . y. . ,
..._ p.;,v.s, .u ,. : v e. .-
.. .;.,.... w- : . n e. . . :-

., a m. .,.>. .
, , , .;d. . w, . . s , . 4 . s. .,. . . . , . . .:. .

:...,.,,,. .. . -
s. .w .. :. .: :*.o

M., e%NW.&. t . .a .7 s..;,
2 ', n.. ,;...!. G,.a; , gz .

. . >-
. ..s .

. r. . ;. . . < . .v.
-,,. - , y

r .. ' .

. , A.;g.. p. . >? - . .:. r ). - . ,. . r. .

.
. c',~. n ..g,x. : M J .s, ., - <.,,.;

.
..i. . .c...... ..,,. s. . #...

63 - W '' +.k''i.'| M ..c .s N
. . . . .. n . . ....,...7,s m. .... .*' l. W M 9 . N ' "' y'' W., '.. :.' IntroductionAn analysis of a spent, fuel storage rackffor',Dresden .:g-,.' ,W: g' : R7W).Y:.4% dgg ,','q g.%

'

.

t..:.q?i . J.fi -+ *,, . ; ' : e , ;i -

', i. .
-<

. ._.

. gg,(fy,* - ~ q. ,

N8'a
,

. . _. e. . .. .f$.'th['.e.<* M, qm.7 37,.E M:t o'U,ni.ts.2 &. ..3 was id. ide'.to . determine ,'th..e*"e f% ; ~

. .

- . , . _ < -
. s , q., y. ,c. . .

. .,. . 3< m..
..

,. ,. . . . .

racks on'the, supporting slab _.,:Using a.x.. ..

. . . ~. .1. .te r,', prog ram ; ..cc,'. %.;compu'.,

.w . . . . . . . . . .. .n . . ~..s,.,.,-v.,.: ,s . . .,
"s . . v... . . . ..;.., . . . .... .

FRAK, which was developed by Soot &'Harstead As.m..ciates,'''.. |c
..,

". so N'
- '

. .. f . . . , c . gg . :. 4 , y . . a gg q.. -'

,

.: .

,,P.C., a time history nonlinear analysi.s w;as performed.J't...'1..p g.
. ,.;~ p. ; , . ., .

.

. . . . . - ... ~ . . ..

.?
..

, ,

D . '~ 8 :|u'i &. %.|n...]%.>...*.:.*3.: s....?Description' I': ' '. ? .'. . .' :> ' .*:i.~. ',/. 2 . 0

Storage Racks..'. . '. ' y . '. . .
t. . , ,.. . #. .. . >;;y; '. 4 f %.1 ',f; ,9 , . , . . . .. >;..; , w. . . . ;.t . .. . . . . .,;: . . . .., i .. , -

". ...>3.. c, .

,2.1 Fuel. e
. ;. e.-

. ' V, . ','The proposed' storage is made'up of individual.... racks . hich
, ., ; ,.

,

. m. .. .
. - . , _ . . . . ,. . .. . . . . . .

. . . s. - . , . . . . .. .
. ....

'

,w M gr'

-

a. re neither connected ,to. the ~ pool ' structure .nor ..to. each ',.~< ..',S. +t-
. . .. o w.- .. . . . - . . .. ,. .. . , ~ . . -y.~- .

,, . , . . . , a . , . . . . , ..
- ., . ' ::'' ' ' -

, . .,
, . . . .,.. > g .. , .,

,other. ;Under a~ seismic, event the racks would_be, free'to; 7M, . 'y,

- .

- ' - 0' +.. . ' slide and tip ~ indepen'.de.ntly of each..other.W@y p,w:. ::.,;. .
. v.r ~ u e . c: . s:. w. . w. .. 1 p,g m. a.:.. . . > . ... :. . , ~ . . -

.. D...

.,e.. W. ... .. W V,.r: d ; iif. ;.;. Y.M
., ,

A 9 x: 11 rack 'was . selected for t.his ' study.' .m. The follow '.M.. c a.
w.w. .#e ....m9 .e. . . .. .. _.. . .

. ., <1 . - .'. s, . . .. . . .<, .. . ,.
.

' 'i ,

M ., y ,cr.,,.e., ,. a,: y ...
.>.,u ,n v. .:..~. ,... ..g..'..'., . . , ' - 'J'#

.7.

. ,. y c. . sv ; ..t;A: .,G.[; g r.'g. ,v/ ;-r<: k.
.w..

b.ing was calculated:..s.,.:,p . .N 4:
+ . . . u.~ w .

e..

~~ ., , .. - m.
. . w- .n..

.
. .

. .

m . m... .gQ ' J.V|s . t. i .s ;, w>+.. . ,. x.t.
-

'fundame ntal : f r.equ ency'g :s;- g. a A. g .1 W
yy.*,..S. ; . . ; %. q.;..s,;.,c, . r ,

5., : p". . y. > . - .v...ti, :. *.-

. P.S 9 $c . ,V.@. . . . , p. . . .
,,g

. 1 g . ,. . . ,. .?.,. C Approxima tely~ i.g.m. .
.. ...e..73 ... ...c t

. .s..

a s sumi:n... e . . .g the % ?y&
g, . , .r . , . .: . . ..

1. .gs,.p. 3. '. ..,. ,.p. t:g c;.m..piagN,?
.

. . ;g. ;, . y _ . . . a,. . n. ..n. g . .. ; ...v .. ., m..; e.u: m.. g- .m. ~ . a s

f.' $Y... . . .
,7.;.:. .: .,a.. ba S e 1s ' fixed to, .floo r is ? '- : ; if

;
._ .

,. %'y,...m

T..K, '.mM:,.'sOM. a# ,.;W'.? 74 .H z '(vertica1)m..g;Mr.jy;"dQ%')b,..,. ..
.. ., .* . ., ..s.. , , , ..? ~ . . .. ' ~C' f i . .1 .- M .'1r & c W '3.'&'G' ")'|' ff''Q';&hR9&- }.h$.$j e, @|||| M~,Y'6;' h a% % g ,,. :9 9M;.;;

q.; ily.' f P., ..W; E;WW..t >$ W e
?, ' '. . .j. 7; ,i, .:; .; 15 H z .: (horizonta1. in '.sh. . ort d.irection. )..???.h,... .,m. .,c,;.y,..M,~ my.h.,w.s.'fB..

J th
.

6
, .. - . ::.n. m. m. e . .n,w. . .:, w

.. . .n. . . o. , . . . . ..w
;s . . ,.%u.,,. .. .v.. s. .,. . . . , . .. . n. . . , a v 7.:. ., .a

.

'3.;G..$ . T. ~/. W.
a. . .

;e+i;. N. . , .
s ,. .

%. .! -. . ./ .

.
,...n.. .- . .-'J.?. ,. % : e .s.,v, ' r :,. - < a .-. . .z.....

.. C ..^...y . . , .. , , . .* . m.
.

. .
.

',. ,. ,!, Y. 7 ;\ :.7 p ;. . While ~.the .. vert. ica.l . is. clo.. ,, . e to . va,lue s ., pre s..en. t,ed ' b..y.. M. ,'.4:.. ..- ct
+ . . . . -!.... .1 : 4 : .u. * -. . . . ~ .

.

.z. s. .e
' s

i ,' ~ 'Y''.,.,,..,the. Applicant; ~ou.r.".value .f.,o. r horizontal f requ. enc. y Tis .w,...,w
+ 4.y.,.,,

. -
. ...m.,_. n

'5, .W. . .. n
.. . . . a ,. .. .s.. . . . , . .,.,....m.. . . ....

.
. . ., . , .. . .. . ,

., . . ..

0bs. . . . .

e. . ':'Y:.t. . i . .,I J
. u w.r.:

i. m .. . .. .

t

.@.... l.P ' ,- @, , . ,i. i.%. , . .[
,

c . ~ . . . . ..,. . . , . . .

,

. . . , ?,.'
.

abou' t' 5 0 % g rea te r '. . . .J. .'r',a R,''.';r C. . . . |c.
- ...

^@.W......r....-
~

I %
'

.
. .,9 .

.

.~s,..ic .- ; e;4 V tr h . ; w
.

. , , . . . . . . , - +. .n. . . . . . , .. .. .u. . v. , ..
...

. ... .... . ...n..

F u e l P o o l .a ,. . '.|a.., 2.;4 .. w 'O M;, ., 7:q.. ......m
'T= .< WWi-7,,M.J ':4 ic :v.. r, .w.,w, ,.g:..i . 2. 2 . . . . .,v. n, ; ,r. :x. :.e.. ,. . , ;; . . v.

. .s... m. . ; ; , . , , , , .

-

.. ... .. .. . .. .; . :: < .
.

, w . .
,

.. ..... . . .. .. ..
.

'c".':The fuel poolfisi41'ft. x 33 ft.1in'planTwith a. height'.of: pip; W e''/, .
.

1. . - . . . . .. w (. . . . .. . , . . ; . . .-v . fc.> q e. 6. w w. .c;pf.

.
38. 75.ft. . T. he . .f ue l. .., po. ol .f. loor ,sl ab . .i.s '. 6. ', , 3 " . .th ick .W. '. .The m, ..'-W.e :.a .

:, . . . . .1 . .. . ..

.- 'W -.~r --
m

:.e a..cm. :. r. s.. . ~ .. ...m. .
.

.
..-

1
.

. . . .:: .,..

, .. c

...,' walls surrounding the fuel racks are:6,ft.1, thick.' A. p r.i
.

N
. ' . ",y , ,. q y,w. < . , . . . ,

.. '
.

..,.s.. . . ... sn. .. . . . . .,

and e
. . ~ . ...

... . ! c
. -.

. . . . . .,

~ g, , v . ,. . . 1 . ;.-. , , .c. _ haunch.. _i_s'. provide. d .. .
. . ...

.. ., , . v. .,, _
.xtends around th..e'..per. im,ete r o. .f M.;W., ;.M... . M.

,
m ,%

. ,- ,m , .,

' | . , |' c, .,%. ',..,~ | R. '/. , :,Q,10,Q R. ''.&. .,f. . ' G.?% ' . . * %. w ..C'|:.:&;..WX.. Dh &'. |. .:.'. . ;, .~.|. $. ,|. .i.h d
,

. . . , .Y. '. .c: . .:.
c . . v.y' r. n. . . an - , .~. . . , , . , . ..

. ..: . c. r. , .z. .: . c
. ,s

-
v . ... c , . . , . . . . . ... . . . .. ..

~ . . n- , | '.~\.~.-. ..,~..t.....,). r. v.
, g. . . J .,'y .:y

<:
|| ; g. . .;p. . . . > A . .,4 y p,'m.m ,.; (;-v.

.

*
.

... ' . .
-* .

.,.\..
,

. .

^ W, s. p~ v . .,4. .g:,:.y,.;#);-W. .; ,;,;. .y.y,. y.-;.g..
.:. .a , ; ):.c ..'

. %. . . . . , : .-;c . . . . . .. u
.

. w>..
-

...

;w . 4.c;
.

, m A.. . . . , . , ,

. -; ' y.,.f. 4 s. x ...p.g g.g.,m, . ", . t.g ; ,
m

.
. .; ,, . .... - - . , .

y : e .t* J.Lc :. >. 3, . ~c ) . . . .q . . .. .c, . ,. .. .. v. %.
-

. ; .. . 7c .

.. .c - ; .n. . ,. . w. . . r ~ . , ' a; ..e . .. ,s.o

*J.2 E...'-.e^"'-
., , .. .. . ^ S .,

8206230186 8='0621 -a "~.-.;..s.'.y u. > .r. . . %. .^. J.
- -" m.,.V. .". .' . ' i o? -A*

<. . ~ . -
' ' " 4. .o.. ' -

- .-~.
* .. . -

, ',' 'a'M ' ~., Qi;-
-e.- -.w -

^.-
.

PDR ADOCK 05000,.37
.

. * o
.d , *.; . . .. .. ~.m . ". e. . p "o .

* -

u.v . . . . . .a , . .g,

: ' - . '{. y , ; 'T j* <.C. .' ' -'.. V.Q \ . . ;z~ .1 pgg .

- ; ~. - ," "! 4. - . '~t.~~. . ..: '.Y:A ,n .:} ::: ; ~& t , ** 3 ;* .,
.

.

- ,n., , . , . . . .
. .



% ,

s v .

f, ,

9 .. y:c. ,.J. :s,+:.:: s. .. .s.. ,;.u.a .~;3, :e . ..;
4 * 4t - * * . *. , ..., ,- -

.o .. ,

. . ,52 : .S . w: i.g .n: .n .>n. n . m.4... w .: . .,r.t 3, ; ;.. .s. m.. .y ~w.v,o. . ,,,:m,, .~ ;., . . u.-
, m. - g.

.g.-- a ; s. . . .u. .. . . - .. . r:. . ;. . ,.

A * " W ' M ? m. m . c. e .
?.,... ;. . m; .w n. . , . . .m, , ~ . o

. m.a ,r - -
,* . . .: .> ~

.... .
.

: .

. , . . nw.a .

gw_ ..

-

, .-.. .
.

u. .. . . - . . . H
'' . ~ y". , a m . a;w .e

HARSTEAD ENGINEERING AS' SOCIATES j..INC.2 Qf;Mg;MW'* Y~g. '

E
'

. W,:}|.ML-): g
. ,,.;|.y:..y.;.. |;.<y v y ;1..v - s -;.:,,...y y;.: j., g ; %.. _

gy_ ,y.y.yyg . ,y ;.c ..: n. . . . .>.. ..
.

. e, . :,.. . . : e . ,, .a. j :yqg7 u.,. .. ..

.T.br.~ . .
- 169 KINDERKAMACK ROAD, PARK RIDGE, N.J.'07656 .i P. hon. e' (201)3912115. ..',i'\..*h.;.2..;;MM.s 4.h:,

. r sn
.c.v w :. 9.m .

. . ;i .s v : w~ . . . -~:._.,~.
: . ? ( 4 . c m : : s%. . . m..y V .:i s s , Y.,.,.d...... f,.' t. .g, v,y;,.:.-w:vm. . v,.m:c. v .-: .::. m. . . n.... m.:c ; w. . .

, .;. : : ..,y r ;g. :jf.b.4 .'$. * .~,. .+,:g .2.,ty" .y:.G.g. ;, -,.
r.. . ,.:nc. .s. . ,.y ,.

, . . . .. w .*...,.;m;.,*..~,,.*). s* .t ..
- .. .*. m,, .; . . . . . ,

. o. .

.-L s
.. . . .

.

..

. , . .
.

<- . . . . . i y.. ..

o .. . 9.. %.g' Q;Q.,g.ggf.pjW;,-Q.;f.. .
,-

. . . . . . . . . u~
. jy.z,.

, .

L*
. .

. .,c.. ., -

.y .:....:. 9 . % . 4 %.,,,..-
, _

* . t .

.
..s..s,. 5.. s. :. ./.;;:,,';.,a.:.a . V. h .. . .. . .m. .m. a . s. , .-o... .,. ;p. . n:. - y.:? ".W y %., w Q... V...L ,. y; :s

, . M M,.. ' . , , .
4. , .,n. . :

. .

: . ;
. - i . . ,. . .

p.n g . . t .w, .' .' the ' slab . i:.The' sl'ab"is ' reinforced "ati .'tihe ' bottom' ~faceWMEf. ., . pn,.n.: ,ith .# 11. 0. .n ", o . c . ' each way , two laye. rs. '.M'.<.. .The t top f ac,e'.M. :pj&e~@w.
, s,. .. c. ,., ..; . . : :s.

,

. . . . .
~

p. 7.:M. . $ .~ .
~ . . . . . . , .. . , . . ...

.

L:G. : . .. : W. . -a ,. s . : :~. , n M . , a m u; :. mW.): & . u.? ' : s
. . .4w 6

. . . . . . . . . . . . .

Lc . ; .

. .. . . .n 2 s.:c,r. . q:;d w,m,...;,is reinf..orced with ~a layer of #,.11 @
.. - ,.. .

.-.i W. ',..: . s .:. s: . .:. n .!r1 . n.:
, .. ...r .. . *

h.; ,X
.

( .. ,.e., .<, ".!w.: ww. m.m. ,'.'.pf,,W.WjM.Pla6 o.c;Dand #11 0.,
,

e c ,'i 3_ ' . ' ~ 7

5,%pp
.

e . . . , : . .g . . a .g .a .n: 4. . , . _. _
.:.,n .

,

*18"o.c.'in'theshort' direction.andoneDlayer.511.9?l2%|$)g:hhk$N
i9 . '.' gg - g.

y/. . $- Q.MuN* ,.g.ys.),p:QPg'A'
DMh!,hhhh;.g.;,;)@|;g;<

' . . . ,: <d.- v- N v . . v. +. ) .. ,
f.7 o.c. In the:..long . direction. 'w:.

. ., g, ,

,. T G ; . . ;.g .y.j y gg .,.,-*

(,

[y ,j;.W e.3.'

.,
, .

'Simlathdda$tIhquaNeiotI'o[, h h.D i,' ..'.w..d
'''

used .w.as t. hat which .yw|Mc.nh :~/.W?g". p xg..<.%
.

.
. . . i . w. , . .s. , : : y

~

sm
.- .: u

., , . ":.:W iv.
+ ; g:. g j g . m y'. W..

.. 4, g. a s t r a n. p :,,i t t e d . ,. b yv w. t . F, , .c+ tw<g*,.p,w
The ' floor m. ot. ion '.4 w'-n ,. y.,y .a;& s.

- <-
.. s. . , . y. . . . .; :,,.. . . p ~ , - , ,e ,.

r. gs-
, . *, q,r > 9g--

.9- . .T . s. i . < N'Mr. Ow'en Rothberg.
- - .-s

' ' 'r ,g-g,.g.g6
y W Q,J; p .g.p;.4 ;g.. ;,,g;| e;w,% ym, v.m:4,q|9g%,.]. .F.a/

; :

..
,

,, .

Time ' History Nonlinear Analysis .gf.Mj.,d,,@. ., .. t. . . wa ... ; n:suw%v w;| .
9 . en.M.g..... ;,

-

.- .,x . ..a . s ., . - .. ..
~

. . s
. j'f, .,..'.'~4.

:
' - . .y;. .-- . .t

The computer. , program was wr..itten to ,the foll,.o, wing c.w. w-m.m: q, L.g'._
., ,

riteria
4. :.

- . .
y g. . , p .w . 7., c. . ; : , .g . c. : pa,.

.

*

-

' 7a'. Fuel As sembl'ie's 'in.. side"the' ' tub 6sCma;y,' rat't1d%ich'97Q'Q6@:g@.
.

. -
..

. .. ., . s.
'

. ):W , ' ' '.,

;h m;:4 .q ,- 4.:..;9f,/a4:hwill , influence .the.' .s..tru. ctu.r..a. .l:y.a,:e.;. n:,g~.7. W:A+@;.y
.: . .,w.y4.a *:w.: .,:: ,: . ,,n... . ..e. . . ,

'.

. During this analysis the" ba se ,,' slab is.a.
.%,w.w,, v., o w,r-' ,.takenas, rigid.7.UUy..5

, 'NEd-~ % .R, s r ;.
'

re spon s e .,,, . -

:. a %w..%
I :.a, -......,,,<s:.n... . .c .y...

. .
,- ,......m., ., ~. ~ m: . - . . m .. . .- s , . . m.,#..< . ..s.,, .

;-b.. ,

:. .
-

; : ? c .' When the . base'k. a:.:ne,R.,,any .ss.an.m:ndk.w%. nww.%::.y,g?gWi-
.

k.w..:.....2.... -:.

n :..v'n . .;w .p*w ' .4>w.' forces exceed .the ' base 8 A:
:. g. .. . . . .

seismic. inertia
n;;;h,g @ !! :'.. h ::

,..j. r
' - . ~ friction ~ force ,';.the | rack' will" slide '. relativ.e to the.M:f,M?

,

;z..qr? w.wgyA.:@i.tg:n:r w .O: = :p. W ', - 2.! .a ;, v.
m u y, . .4 ' L ' s

e,
a, , : :.w u a .; .,..n:,w.c,q..m %: g; % m 4 pp m p % m o d.:g:Qh:;- .

W4;:. p, :.,.'. g' QW.y*::y p .. ~ ~ spent fuel

, wq?CW.VY .p;;k.q . <9 ,:.. , g*:is v.: pool ' slab i&When 1 the~ base seismic''inertialuyqh. W."W h W'M WPf!G %y ggQfgQM;'iMiAM.P.Q @-Q@y y&. G
.

les. y.:w::. .g?-%wn: friction .fo&wgky.g*;&s than.the base;. % %:y w rcej.tsliding. nyy.QW .
. . , .

!.uec,m . force ~:

ve M,ft;pK,,%m WC.y. Y.W. %: .S.W ,2L G R .f @:2:
% d. i ~ 'fMM Nc-.w~; . p W w ej M

ep;#Ywg v.w. .id ..m., n.i.:y, ,a se . w.ww .?c..ck.r:.%.pSv.g- .W.t.p. 'pg,y.d.,t: f. .0;. qq:g,swCM-MBr*.ni.Q.7.WMN:sut.WMWWW.the.,: rack duet togrr;q:,a[p'y.:: .-f
,.n .:.x,. il1 ' ce:w.M..y.6.r: .,%.e q ;s : . ,i m..<; W a. .s M y > p: % % .

4,

c n. :a q. m.a..,c
-

.y ,n w-e-w.-.,= ~ - -3 -

.. w~
-

y.s.: c e

L.
.a When .the -base overturning momentnon '

:'. W D N M M:QiO~;m N..N
r.

% ,yM;. ug . MG: '&,|r '^
..

-

, a+S se.ismic inertia forces.ss.ceeds1.the base' d,ead.iloadcy.@.. iW~+.%. Mm. - E..<.m (n. -gh
.

,np.ip.g m i.
ex' ~

pS.'g.?:'W;;c4.f|'d.;. .f M righting moment,p,he,irack .w111.ytlp a Th,e gselsmic,4,.eya..ngg:r4s
*x . Ws , m. . m. . . ~=. ,..+n ,.: ..+t .w w a. . L..m. &um.~.-.m .m-

3 6.M m....
t. w. t. .

,m.,

e . . . .i. %. - . t ev- v; - . aw. .<.q . ..,e.-.

4D g.s
' r.t .

.W:tw}wgXgw;Xinvertedj($pr gg3Mw.Mw ~.

; , e*;;; < ;ya yw%u.-w:, .:.n"are:.M;.rs: determined as 2,g,qing>.q;;g.,gd.fzg$np
a: 2..

an . :. Wr. K. $ i l~ forces 'now:
g. >,C:7,

.'*,J. 7|x.'.C p.: inert a
-

c, ... ' . g,- y. ,. g. 3,g.y ,.q.yy;yg,y yyp.,g.g.
- hin m.

.

. pendulum rather,than as a fixed baseccantilever g#g$ W y M.,
e~ .c . J f rf > . ,' -2

. ,; :R D ,.:: ; m.npsy;W::s.M, pt,:AMGiQW,@d P.JWW.%r.k The w
,

*? } . .

Du. ring 1 tipping no sliding ,wa s a s su.4.,r ,.,,',.L,**y:s'h. .* ;rj.;8
me to occu ro.

. a. . . u' ' ;.<:. ; r) o' ' '.'. .v,' &, . gJ.,'Q &m;.PJ lg.g.Rh..
.

' ' ' 'n'. * ._
. Q'g :w.* y;ns

"1%.M ;4 L p. $. ..- ;:y (,. . . - . y , ., .y , r . f y , .,. ;; .e.'|[ .'' i

.w.... .- .o=. . . ,.Lp r

e . . . . . . . . . ;, ,L_. ,. rotation ' of {the. 6u* k tabout, ... .* *
.

-. . -

rac supports ton,;one side r. llsn. p m. . , s , v y. s.
.-

y
.. 'e ytti

4.&n. .Mn '; % yy ,.
. en the. .upl.i.,f t.,e.d.,g:e, portio. .n.

,o. .th.WGW;iG'6&$iWM. 1 v.L ,mi.s..i-::i.:(.MM.%M Whew 2w:.h.M~nts.W'f.%g.e;+r., .. n. r..etur. v.n s .u.6% pW:
W

ack' Q; .. N .'r..e,.. d.. s t.o p . w h. m .,.>. %_
E

<: M.* m.. . . ./:c
L

e .,%.. .c. .

2,, m. p.,m. a.. M y a.. A.. . ;,. c. .r-
.

y m y . g .g,4., w . g ;. r. p , a,: p% y.;.s;.
. a. .t y. . . , .e. .a 2.<.. 4 ..

- -
w- ,,...;

go ,. u ...tye,,,yase..sya9MtW.g
. ~-n- .w .1,:

y.,/.y.p . w ..n v.: mr F,.m(...n,w ...m,g. ,

:: w.y ~
q;j.3.p33..vK g .'gfg,

.: . . i n.. o > .w r .. .c:. m ,
;;W::. , . c.,;; , y .w.

.

.

ga.,,. ,g. y .m

|4;.< ,,;"'t td.yM@%@::g:When 'the~ tiipping ~ rack' returns 'in . fullecontact,)w&.the floor ~all- the rotational * energy %nspawon.2-%,pfy%%.

. , y n,y e. . . p. .4c: : - :: a ., a: - ith 45't. Q>h.y'..

q
. -V wi Te;':< y

G. :m:.mgw;.:, :...e wy. w.mmwths.;f".g;%:n,:: . .W+. 9 eis' transferred M ..z;s"

%-pQ sw
; ... . .n . ,. c.a m. g.y,.p14c " M. ?.!u 9, fth.;v.m . -]m:n. ,y. i;Q,,gt.n:g,cp[qm.m, g.. n..,, y. s a..c.. s .s w , m<-s q, y t W [ g%v 4 .; n'p.>,4.

m *.c.s:n . m'ws:. e.n.W.; 2 ctw.Q ;
. .cm x y .

n.<. n . m . m . p :2. d,y e ;M . ,-
. ~ .u

. . ~,
fw.s...f.1.; .qW;ge.

sn-N. g .y n,..s _zy.s
yy ~.

s .. p t m.4. -c.
,.

s

.. . .( . g ,,e f. u , , ;. . ,g . :. e.
y w g u.y-g+s w .g . qo

N .'NN / v. . w w ,g.: .
r...

h S N..
,g

$ye
r

7/2I/M3 f,yD. .y4.ip.1ki}Ojh? i .Mte 32 y "$,,,
. ,

.p... ..v

&.Nghw.hb.$t
. . .

S & M Q'M d p.bf. N,. p!,['.:u..i6,.%s..#.a.MS.|g-$X&.N.\.
s ey

h$< ,4
m >. . . .

~ g,-N.l:4].
M,.

..-

'4 . ?4 k , WR .,W.. h e

bM H,m , w^'i& W hQY W 'f4.2*w &*' W,%.. + h,. h h w ; j & .
.%.

'

m'M W..m
. . D .

r ,. _. .hl.% a3 w*WY.g% &gc v. ..% .o +a LA:6 ki

'5-s'|N' & le$ W f...QA,W d*:.:,h.m w.2U. % r,.{..m e 2.Q l
.s: ,. 5 ;*;t.n!.NQ.@n$.u

h %M'|* c:* *-

T.mu9-

.. m$ ;l'
. m e:. ng..n .

h f-Y
_ i w Cw . m| g g, w| f ,|{.h' W k h < k h?-?$ h ...$ &m. g .u &.. m. 4.y.)s w$

.. .

Td8,N155 -Rw : w :. w : m_ ; w,tR.Yj f i.GhkS{ &w :
s

.yw ys _
.

.yc_.m. .%wusw, ,. ,, , , c
. ..%y

-. .

.
a m i,

_ _ ___. -



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

.

4

# ' ''[' s ;.* .

*Av. .

,1-n,- , .

' ' ' ' 2'. 3 H<
.

- e
a' E r'

HARSTEAD ENGINEERING ASSOCIATES * INC. [iy g
=

?,,t
,

<.

169 KINDERKAMACK ROAD, PARK RIDGE, N.J. 07656 * Phone:(201)3912115 ..O-
. ' '. '. '-

t ' -
, ,

_ ' 1 ; ?. , ,

' ..,

.

nn.; ,D
.

.

(' . E,
. .

..

4

, . e.-.

program for elastic ~ impact. After the' transfer
.

c ' ,v.;7.b.to the floor slab. A value is computed.in the s
.. .

.

. %. ,- .s .,.

. i'!.j@,;''

, , .. u
of energy rotation when the tipping rack returns 't o-

,
. '.

es-....

' - -

. Ni ''y@nthe slab, the rack has no rotational momentum and
.

,

further rocking ceases. .' , ;g s, ,

f. 'A n elastic imoact $f ' he .c j. .
.

.
the racks is assumed on t

'
.

floor represented by a one~ degree of freedom system. ._.,['.~

,

. . ,.
^

g. Vertical seismic motion of the slab was ignored. ' ' , '
,,

5. Iv e s u l t s _

'*
,

5.1 Dynamic Analysis '

~

For the purposes of the study the entire pool i s ' a s surned

to be covered with fuel racks. Results are shown on
- ..%.

S
e .C.

Attachment 1. Note that if fuel asseinbly is not consid-
. . i.

ered the impact effects are considerably less. | ,{.4 .:
'

,

Comparisons between the applied shears and moments.to - -Q; ;.
the allowables show that sufficient reserve capacity'

~ $~

m.
-

_

. exists. See Attachment
. , .

--

.

2.
. ,, _ ' ^ ' .' t.-

..
-

- - - . w: .< -.
. . ; ;. -,

. .

- - . .. , -.6. Conclusions ; a. ;;,y, rj.,;.
.

< .: > , , :. . ,
, _. .

,. ,

The analysis was performed with several simplifying ,q ,;i, g.. .
, . ., . . , . y.m .s,

~ a s sun t>tions ,.some conservative - some ' non-con serva tive .' ' ' .?....
' . ~ - ~ ng -

-

> s , , ,y ,

However, the actual behavior and response'was simulated . , ' -

closely as possible by using a. time-histo'ry, analysis., . ; . r.as .

- . .. r .

The results indicate -that the impact effect of the ' f -

rocking racks on the slab floor is not as great''as

originally thought. While there may be differences of[ ,

opinion on methodology, there is agreement'on the con- -'

clusion that the slab is adequate. , ~ . ,

/ - i

JWf ., .
~

,

~
*IUNNAR A. HARSTEAD - , ,,,

. h [g gg * '''
.i -

.

c . :.
i

, ,
s . , [ .

.
. ,', .3 -

_ - _ . _ _ _ , ,



. .. .. .-

,

-

s. .

. :. *- -_g . ,

,

i,|.
._ 3 'PR OJ. NO.

y HARSIEAD ENGINEERING ASSOCIATES = INC..

'g.' A 169 KINDERKAMACK ROAD. PARK RIDGE. N. J. 07656 C- - -

.

Y PjiOJECT DE US D 6 fd SUBJ. SU B DIV. SHEET

CLIENT PR E P. BY 4 h DATE
j[f SUBJECT LOMPUTdif fM6:4WAK- f294ULD CH CK D. BY DATE

|
. .. . ~.:-

~:.;. .. . ,

,

._ -:

| vQ .. ' .3'
...

33 O d eJ te ' .i3 O (O $. pr. ,a n 'r N ~ 2 ' ~ ~~1it o
c4,=8 8 b .

'- -~.1 3co oa ,

g f6 of 60, f0 .]. .

'

to - .

w1 -

M d
, g b,2 y 3 . , ,9 ,

7 2 LL Oo o 0 s s

385-- 77 7* 5R g$
--

-

O n
*4 F. ~ .IP3 t4 e o + * in

<jzs *e 4s o e4 2 ---
'

9- 7 --

I >o .c
.

111
'

:t
-

1
g7 x

9
$p-p. 9 & c' t- e4 5 N .

KC o' o' ; c' O. d o' T0g- .
. . . . .

08 F :-
y u. 4

>s y -
-

@d
;I< m a

'

ma w o m O
m$I 7 2 >,- Z2 e

iL 4 H

2

0' G |

-

-

Yd O ) ~

g

5 $w 1 Q-o .

G ; : .7.
-

:

k *
3

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



. :.' _

.

,, .

r- -.g , _
3PR OJ. NO.HARSTEAD ENGINEERING ASSOCIATES * INC.

q' A 100 KinoERKAMACK ROAD. PARK RIDGE. N. J. 07656 C- - -

SUBJ. SU BDIV. SHEET
/ PROJECT V R E S D EJid

.! CLIENT PR EP. BY 4 | - DAT E S-17.tt
( SUBJECT FU_E_L Foo L 6LA8, cH CK D. BY DATE -

-_

9E F5(2 GMC S'$
* :

hs Ltceri ffe bwlo f 7[0/fl
'

b 4 \
N SHEM etsu ,/ '.

f . )_,Ta kodseby %4*s L %Ils _.
c....* '- '

i |T |
--

K6 f
'

.d\ LeAo M arf ,

,,, -
| 'v' - D t H t Lt E ' . .G.!6(Rev.4)0
; i A- ,

-

G ) ig 12.gn. IMPAc7
.

~

7 c,.
,

I ToiAL (o.92.v
I ^ .

|,

/ N
|

<

/ \ |
' '

| \ AREA OF Tg APgi20@ ,}/"
.-.-.- .N.

xA =. 84*(io 5 ) = t9+.2rs-
- - - . - -

/ s,
su v f

TOTA L 4 REIAR LOAO,
,9__ lo.S' , 10.0 , G, '

3i',_b y { \/ 6,41(19 +,zrh 13f 4,2 A'''
:.

y" n 44.1 _ 3.s 6 %.

~

Av'e>w wte ueAR (yA)(,n.)

ft.? ThN.y|' cl = UA t > 3. b r. , ps
.

APP'-iGo HoMENT ( Ve l I.)

M k b)t[\d'd b
= 2/,6,4, M[Fr4* '

l.

i,N
.

ALL6NA-6de e.uaur
a

PT YP1 > 2 GI c. F N/ O (4i Ms 20,0zro 7

A i FAC HM E N T 7.-
L >



mmuz , : ~.u

b ff ./]) , , ' . ,bICLMAA- - M ' ',

-

. x
:- .

'

SUMMARY OF RACX IMPACT ON P0OL SLAB -

7-
.
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-

IIILOAD CASE LOAD CASE -*

1.40+1.4H+1.7L+1.9E D+H+L+E
.

ITEMS REMARKS
liALF RACKS ALL RACKS HALF RACKS ALL RACKS

IMPACT IMPACT IMPACT IMPACT JQ-

Equivalent static unifonn load n.
2 8.29 8.29 6.16 6.16 pwithout impact (k/ft )

. Computed equivalent unifonn a 14.30 16.78 12.17 14.65 (2)load including rack impact b 11.99 14.58 9.86 12.45 . (3) -

,(k/ftz) c 11.43 13.86 9.30 11.73 (4)

Allowable unifonn load a 13.04 13.04 13.04 13.04 (5)
(k/ft2) b 13.92 13.92 13.92 13.92 (6)

'

NOTES:

1. In computing the rack impact load during OBE, it was assumed that 1.9E is equal to E'.
'

2. Computed using energy balance method considering the strain energy of deformation of the pool
slab as a plate. No local deformation of the pool slab under the rack leg and the strain energy
of rack was considered.

3. Same as in 2, except that local deformation of the pool slab was considered; strain energy of
rack was not considered. .

.

4 Same as in 3, except that strain energy of rack deformation was considered.

5. Slab capacity was governed by shear due to diagonal tension and was computed on the basis of
average allowable shear acting on a critical section perpendicular to plane of the pool slab
and located so that its perimeter is a distance d (effective depth of slab) from edge of the *

pool slab.

6. Same as Note 5 except that f for concrete was increased by 15 percent due.to, aging. -

.. _.'
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