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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.

One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
Made in Canada

Contents

Title fo&q /Jmf:a/ Enfrce.s

Page

_Q[{’,WS Bc‘/{' g./):')ﬂlfl ['nnsfdnf‘Annrex}maflC’W

Cleyis ga/f' g/oc,/’\’ Bearim'/ Pressurc’. 455@55‘”7&%7('

.- i Leonsth Evaleation

C/ews Pn Sﬂrmq Cansfaanssetsherz'r

Appr‘oxlmafrlon ﬂ{l ﬁr& #[" Sl’A/Q 4 ”[‘STORM 0\Ier‘pac/<£/af{/ra/

Freﬁ,uenc es (Drovm(ep/ éy [Iw )Qameren:nj)




“““““ | Sukely Evaluation of HI-STAR /HI-STORM Casks

W -ﬁor /-f,:j:k 5’ei5‘mic Sé'feﬁ

Asaclicl Cheusdhary
Dan /oomerc"ﬂdﬁ /
Rui Chen

l) o lG GJ €

Teod “Krau Lhammer

The o ‘ecfve,s nFﬂus fmk are {_u Sclwwrf f)qe N/QC n rewewm‘i
‘ﬂle ZJCfE (enTra/ Z&/ (nffrcm 575m<,c )[a( /fy’ (CJSF) Tapt(a/
Sm[cl:/ awal\lﬁs remrf ( T§/4 /(’ ) evo/ap.ﬂq /cm asscsSmpnTreﬂarf
},- (AR) F or the Cf 5", ano/ rewcwmq & /‘fa//'cic [nfernaﬁorla/
L Topicel /Qeﬂarf'(rk) covering the Zise of the HI-STAR and
Ht STORM smfnf Feel shorace casks dnd anc/mrcwe syslens

cVI MﬂS/!’c:cdé;e: areas o)C ﬁw cmmfr\/ ﬁtafare (t’ﬂ)léjt'fc’ ['0 [76

.1 MMM¢QM/& Areas.” See ﬂl&#ﬂ&@ﬂfam@[w&K ______________________ N

WIOTE._ ¢ zsf}u/w/ mfcrmafaﬂ req ram/ eny ﬂtc‘ /prc/moSea/ a;%araacll ang
/orccec#ureﬁ for quuC‘wfji wiese njec/'t/ﬁS‘

/%mcmrze/ 61;(4&/ pca/'ons arw/ sk//ls are én v:ranmean @n01ﬂé€r1n9/
I')ea/ﬂ/t 01’\/4/&45 (Smc:fu a//V accw/@”fana/s/ﬂs’) mec/mmca ENnQineercng
(biovuffca,/// fr‘c‘m.s;laarfaton/cask o/e’stfm Sﬁmqe aak »/eswm anc/ -
{'L(f’/ l’m (7l L/nmﬁtzt;zLﬂij),mu xL:”/ / .‘J‘t{egc f Ja/ 8'7‘“"”’? WWWWWWWWWWWW
(sﬂeuﬂcal/ $&s mo/o‘N) niLe /ear an.rz&arm?' (spec:f:ca//y Lrt/-(a/fv

c&mi (Lae p//(m?) notcislar ﬂ/aﬂf OPt"r'afonj (5#’:('1/‘(4/[\/ ﬁlé/ éam//mf

. -é);nerl.em,e) arm[ mulf?naj CHGineer( ng (S/’tczfrca//v “ C/A"ar ,ﬂ/ﬂHf

— o/gpmJLon< /LomVIroanf)

: otzef/ﬁ‘/? é//0/7?

_ .
F— \
\




B
Clevis ga/‘f §;nri;3j; Cnm’ém’f' A;m/oroxi ma‘ffoi/( er:;ﬂ From “Roark'.s }%rmulas "?er Sfress & Sfrain} ('th E"/fILfM,. y
WMMWM Table i7, Case 1¢
S’ CasK Base Iﬁ /ﬁfe_’i s { ( Cask Base ﬁ@f—ﬁ )i _:; ,,,,,,,,,,,,, _ j
z ///’//'Vn i{é?j%zﬁg M'Z } ( 7 % ,,,,,, 1 T he c,lmnjp in verticel 0[ iamefer; Dy ,can Le ;gf,prax;‘Mafe as
L /?// L ¥//s Z N Dy = 0.1168 WR® ¢1)
* vy 71 ‘ /| 1 s — - EJ:
N Clevi ' e, NENEE Taw S EE N
B b — [ ) —ij_ 1 _,ii_ L where
\&{/} ._L ' (,.JV ) jij | Ji"_L. A = oo.ci (/:orce)
o piataintnttnite o~ 1 R = r‘c«c[aws To the centroid aic ﬂ»_c, cross seelion (/enq?%)
l \ \ }E: [u us of Ias’/}ui\./ (}anf)lmmm,famfa)
Ot€ b _.,l ole R L= area mammf ﬁl:mér i a‘/’rm‘} Qress S@zfmrl c&ZmﬂL
| — fl’lﬁ t’r:l’lt‘fﬂ&l aXis P(‘?rﬂlﬂ rodar ﬁ" filL L‘/ﬁVlé df
4 — '(—j — ] qu r:rj pmﬂ:) /
5}: I 73075 Y| d=2.5n Recast Mj (D'[ﬁén (L) in the 1[;/ own?}c; ‘{arm,.
= \300 lﬂ |
C.20.1250in | Ww=_E.L v (2)
0= <. 875 i 01468 K*
Assume ﬂte quameﬁ'/\/ amf? /O(lc[)nj can Le, aﬁproximafée( as -/;//ouf‘o’ e See ‘ﬂmf ﬂﬂe Spring (‘ons‘f::mf "fnr f /78 c/ew's L/Mk can
he ainlz’)rzrx imate as J
| |
P 3 = 3,
B 0 N N W N s Y
/ ,’/%\\%4 wiH 71 - i From the TSAR,
\‘\% /’///;L WEHTEA ¥ — E=29.0Ci0") */in?
\I,—/ & = ? ; For the ra 61&1,{5 li“o 1 /ze Cpmfra[ai a'lﬁ /Ae Cross s 6'676"’” J
—3 A= b — A € L
-0 | £=a +b (4)
» k71 A
‘%M

= 2.2188 in




Thp area mompnf 0‘)6 ineﬂtict 31 (‘a/cu/a/&o/ s ﬁ//ow; ¢ - y l( boft—— /: 13 Cf (/ 0 ?,) I%'"I

[

\\\ 0\\4 /% M;W&leimjjhg reselts from ¢ 2}145 (£) cnd ( 8) vl (7)

Cuch s‘&/ ving 1[::7)’“ K FoTAL j}\/ei

B2 — terKeer

Wy g Krora = 4,586 10°) %

: i i I N ~ \W e R » Lt—m — t f‘ - ’ [a A ‘ [L
ring cress sechion ] MM_W..\/.\UQIE 7’@ &}f_ﬁgm Tcﬁw.s il ¢S /ﬁjtmgw r:e):' fﬂzj éimwiwﬁ_w
] % ““\\ A G Wm&bﬁﬁiﬁmﬂiifamjz calevdated in the Tﬂﬁ{( £ &,Kw&i&ﬁﬁ(/ﬁ))ﬁn

YR | @%M’ ~l2/el) T

DAL im;l aXIS \ ]

/ PA— T -
zf‘miwc/iﬁu/ar {b l%ﬁ o Lm /
r,7

l()/ane D_)C the r{nj L“W //

Em{;o /0/\/ i/lj- ﬁw [rxxra//(J/ axis 7%80 rem, ’ /
I - __I_ (/8 jj t (&l/) ( K)Z.) 5 Ewm/afwn [o)r I Iy <5,) :
/2 7 &rrér!\ See cesrection ! . /

= 43,0293 in" ou /ﬁd/); . %ﬁ J2/27/55 L ' /

Sulas?‘#u{'inj E, R; and L into (3) }/ie/r s,

o Kpjoek =. [ 29.0Clo®) i%ﬁ] (43.0293in") P

(0.1988) (2. 2188 in )? | e

= 7.68(108) b/in | 7

To imc/uz/c': ﬁ)@ ) [2.5 in MahmreacZ’a/ lmr' 101 é’f 7%“: Z”’/ Ze ,_ ..... /

R T (7) i yd

Kf’n A th.l/ /{étil : /
+-CH+AL; OICCK ' (4}

twhere

K= EA 5 E=29.000%)"%*  (8) 7
L

= =0.025in T




Mlﬂoﬂ revieu of ﬂﬁe I ‘Fbt‘mu[a‘(‘ioh qiwzm_ M,,m L/,, cen (S ); :'7L m ____________________________ Ci()vm EAH' B }oc:k &ar.’nj} /ﬂ res5sare Asseﬁmeﬁf—
was ﬁsum/ fbaf a misfal’e Las ifzfzgzi:.w;ﬂe_.wﬂza:{&ﬂm FA1 S :
Y — Even thoush ASME B&FY Code, Seetion L, Appeadin F,
— S ,Ar,ck':r:ét/pll F- 1334, 10 S'/‘dt?s f Aam‘:&gf/éjﬁz_ 1nmjz4a;jég/é’a/
I= | / (,(_3 ) J'nf‘u%s; bearing J'fr‘f'.sﬁc“.s' need ﬁaf be QVcL/qufe V‘JEOY‘ Joads '"/';f'
j2 | . o wl/nLALeVE/ﬁ;S&fViLéZiMifgdreSf?@C'{;(ff‘;: " the. f/?a/lfompfoj B
= [,4S43 ml' . _ i;;;/éwan/u%v for the Clevis Bolf Blsck.
As a reselt of This error, Kplbek Lecomes e From AS,ME BL P,V C_'Wé%; SQCﬁb”ﬂZ: 4”6*-’”’/’)“/:,
R _ Pamer‘%ﬂh F-13411 5 the lﬂri'rmn/ ;"/’reﬁ‘ /rm 5 when z.é.s’fffj
Kuw_k‘: 2. §7L/7(/07) iL/L’VI R ﬂfa;‘ o 4na//v5i5 are: /
' - ; ,
............ And . sileconedly _ (a) The general grimary e wbrane stress jutensily /f’r:l 5/74//
] eﬁ /” ". ust )cha:’oi ﬁu: /65/5‘4’1' o‘)[ 2.4 Sm uno/ 78 7/.5£4 for
wawawa Krn-rm = 2. 534?? (/0‘7) I%VI bw B my;’#’i‘it[./b" i.VlC/ch’t/ Y7l S’QC’#‘Z’M ,E.’ pﬁl‘f ﬂ; )?cé/oarfll.
N T B | Tables 24 anJMZM&WAEie;ZSégﬂzwmﬁrfa [ e"mc‘/uﬁ/t?,t/
Ubwo L0 12/22/77 in_Section IL, Fart I, Subpact L, Table 2A,
\ 4 J M
K\J ; 7 . : -
) (.L) The /de/ /Drimn('s/ mémémm’ sﬁ‘f’;s' fnfemviy A s'éa// /@f
'exavzoz,/ Ky 07e d)l“/ﬂzﬁ /Mz/f ﬁr' jerwm/ /or/mq__ly{. me.mémmi
/ / <Tress ihffﬂi;\/ P,
/ ((‘) ITLP ,}Dmmmar\/ memér&mo (jeneml or /oca./ )Iv/qé
/ lﬁr- imw)/ é@m/h/m 57‘;‘85’5 c'nt-"n«;'/f\/; F_;_ a f?g ) slm// nc?/‘ ’EXC&?&/
/ - 1507 _M/: ﬂm lf)mif ‘jﬁor crt’npnm(/l.an'mczr/\/ mewémnf: §fr¢°55
/ / )"n'/"ensif/:/ P, |
/ L_ ( 0[) Tl?c Qaverage ‘I;ar:fma'rs/ 5};614)* acress A sec'fmn /oaa/pc/ vl
pa pure_shea¥ shall nitexceed 0,92 Su.

A i A R

The al&ﬁ'm‘ﬁéns f;yf /0 m, /0)_ ) and /C;),q are rOf‘@'V/ﬁ/m/ n

ASHE BLPV Code, Section T, Yivisionl - Subsection NB, NB-3221.1

Hmj»/, JUB-3221, 3,




For SASGH-630 H 0TS (from ASME BLFV Code, Sectionl],

fart U, Suémdl Table ZA)

e ——— T

Clevis B, /tfnj:?e.me e?ﬁ:éamdz#m— Evaluation

§, 14 5 kst M;WWW This eva/ua ton (S La.;;_é on t L.Scrggg-rbmgd QﬁJg_t K ./;' &z/era—/
Sv = [ 25 K)‘L Mwwwv_ gprvices.” Keicer Tlo ﬂu’s Jowmgiﬂc.wﬂelg@wiﬁe_mﬂmﬂes
Sm= 6.3 ksi @ 200°F I woel eguations
Uofes toThis matsen“al /fzccs 'r‘ea’uec?tl 'fb;w/mgﬁs af’ roc féﬂ;ﬂ(’r‘dﬁtré \.....,
af tor exposuve for aboi S OmJljf- of 600 F and affer \: - For the 2.5 MG 3A External Thread of the Clevis Bult
cAm;'e} ((//(,:mcu:;[iaéovef 65;’ Vi o J QLQJL)J W
or_welded conslruclion o 911 max > &S5 maXimum m re 245
d /h«S mafprm] £s ncT mJulté&i wh AS/”E g&’ PV [nalé’ o /Q* Lc—m?
Secf”omlf Fart [) guéﬂarfi Table 2 8. o olm.'n"' 2.9762 in - Imin omutie mgjﬂr iamefé’r
For S8 (637~ N&T71/8 _ Arise = domax. = 2:3376 in ma,)(muon/o:fela‘amefer ; basic pith dan,
Netes t o This th{/"erial wes nc{’ :‘neimlc&’ th _C‘:iﬂzer Tckl’fe 2A or 28 —— !
6';: ”H’le ASME BX: PV Cocéc.; Seciwﬂ E’, P{-’Wf l); SL&LPL‘U# .l;. e JZ-—E# = 2, 3278[» ,.' pinmum I,o,‘fcé Mr
g-ﬂce ﬁue cle\/xs LDH—leﬁk LS, (v essence ra_arrvwm/su or) m? Da = 0:.0078 in 1 -oi?LcL o[iamgi‘er fa/erane
'H/n? L[eyts L /fliem:a /j)tle) ﬂ\é\l neej l‘a Lc’ GVcJo(clfeaa n !
_\accordance with F2I1334, 0. /V/oreover i appears. thal SAS6¥-¢30 es=_4.0000¢n ; allowarce
am/ SBG37- IU¢ 77/8 are ma{?ma/: u.fe preZ:omnanf/v ﬁr é /ILIM _
aon/:mfmns ~ n= yi J ﬂ)reaods /1':7
I//M A 1/r1feo
(A' UTSs = /3’0,. 000 psc ; F&LA_LMPV (‘m,e Secfumﬂ' /Zrllﬂ
/ ! TaL /e (7/ .0esmn Sf;‘ess I»fenrﬂf/ (/ajugs__ﬁ#_
// for Bu/fmj Ma/férra/q " SA Sé‘/ ¢ 30
/ _ External Mominal Minae Diameter = 2.19.33in-
/ T = 0.0238:n
' / - Tdz = 6.00780 in
// — F;v' the 2, Sl/ UMNC 3K In?Lerna_/ TArrao/ ‘1£ /'AP Casé &SP I”/ajé

Bimin = 2.22.90 in

_:. mivimam mmwonwzu'@meﬁr

__ﬁ,v,mx =2.25 77m §—imaximurt miner Jmmfcr

ﬂ;,,.,,., Z 3374 wmoy miniotang m cll J:am;»ﬁ:r

2 lo;(. &qu




10

b)mgx: = Z, 34770”

/: maximeum ,oj]l‘;!Lp/{anchr

TDZ £0.0l0lcn ’ /.oifalr. o(iampfer Folecance

Loternal Madior ﬂiam;fer (min) = 2.5 in

s From ASME BRFPV Cole, Sccﬁonﬂ: ot d),

AT Sn = 70,000 psi
T;LIG M . Fns:/e Sffcnﬂ% V/A(,CS fav

Ferroocs am/ A/anﬁerro«-(.s qu“ena/s v

SA-350 LF3

3R =g 04057 in N l!a.l.{fl(ffrna! ﬂlreoo/ ajo[eno/um

16

Nom:ml I nfcma/ M;vor ﬂ,ameﬁ:r 5 L ge =7 22 7 7:';4

f\/ofe E?ua?"‘on numLpr.s rpperenceo/ ée/au Carr’eSﬂon/ ZL 7%05/

eoua'/'mns nramz(’eeém_.fa,h/eml_ﬁ 1 fopmu/as for

Thred Strensth Faclors.” foom the “Serew-Threads

Crenl”

Stundard for Fedeal Services! (FEQ-STO-HZ8/2A)

(2)(4)

11
- (o) ASpmin = 3961 dpiq [ 1+ 0.S7735 (chuin = ly mas. |
o LE zn \ / ]
- = (3.l ) )2 ar62)| 1+ (0.97735) (2,472 -2.3973)
. (2)(H)
B = 6.178
i (2b) ASamin = 3.M16 Jsin | 0.875-6.57735 n (Ty +T0. 4 es)]
~~~~~ LE .
- = (3.116)(2.4762){(0.875) - (6.57735)(4) [ (0. 0238)+ (0.0101) 40}
o = (1178 .
- (3) AS, = 3.146 0,4, 3
Le tf
_ = (3.0416)(2.3376) (3). 4 Mbt sure of the value for
— CJ) Astc (s Correc.+ 1 ,
= 5 5078
(‘/a) AS_smiﬂ = 3.14/6 n D:nmx [ [+ 0-57735 (alzmm - ”lmgx)?
LE | 2n | J
= (31906)()(2.2594)| | +0.57735[(2.3278) - (2.2594)]

(1&) As = 1 /a(aésc - 314\ = '1'.703/
\"z 16 ) ,
= 7 [(2.33%un) — 0.0705in (4b) ASsmin = 30116 Dymax [0.75-0,57735n (TH, + T, tes)];TO, wrehe
el [ LE )
= 3.9788:n" = Gle) (2.259%) {0.75) - (0.5 7135) (M) [(TD, ) + (000180 C0)]
(1b) As= 07851 [ dyse - 09743 \* _ i
\ n , . ($)ASs = 3.116 douse S
= (0.7659)] (2.5) - (0.97%3) | - 1E 8
(4) o = (3.1406)(2.3376 ) (s)
= 3,998 in* - (8)

= Y, 5897




12 13
(Ga) ASena = 3096 Dyyse 3. R (13) LE = As from (1c)or (1)
/Lﬁ ‘prom Fl& 2.8 Z\g{g )7' - 3. Ié J:Lm
\ e | - = (4)(3.9988)
= (3.19)(2.2219)(3) - (3.1416)( 2, 3376) ‘
(% B = 20781 in ) based on cmnéineo( s-lzear-[;,'/urc a)c
= §.25 27 ’ : __________________ exfemal a.rw[ inferna./ ﬂi read)s
(Gb) ASsmax = 3.1916 Dyse 3 B 4) LE= 2 As from (1a) or (14)
Lfi ' l{ /35}4}mu(%a)orCHé)
= £,2529 L
- = (2)(3.9788)
(7) AS = 3.1916 Uy R (\"/. 703))
LE Z W _________ = 1,700S in 3 LQSC"( on s‘Lear o?c exferm/ Z%ra;-’odl
= (3.19) (2.337¢) 7 |
(2) (I1$) LE = ZA,S r@f(lo.)or (-LLL
= 36717 ASs -Frmg_z_é)
LE
(8) R, = Formula (6a) or (Gb) = (2)(3.%988)
Formula (2a) or (24) (s.2529)
= S.2527 = |, 8225 Lo.seo{ ont nge/opmv 'Fu” fensile s'frc’mﬂ‘lz
o, 198] of external ﬂ.reao( ith Beads F éo.s:c size.
= 0.8475S
(16) LE = LE fyom (IS) X R, from(8) ; an/Iv if R >k
() Ro= UTSn. Lo from (3)
uTsSs = (1. 5225)(0.8475)
= 70,000 (0.5)
/‘/0', 000 .'; LE = 4, 56’07 n ; Laseol on s}war o?c ¢'n‘/'ern¢/ ﬂqrgap/
=a.5 —
[— F;"dm MacA"ner/\/ls //am{éook; Z;lllll En/[?tfdnl. I‘ogj)e. 1115 + 1416
(10) Vo egin (10) oxists in Table I, B, 2. -
Le = 4 '4-1-

(1) Sy = tensile S‘rress 8x‘/”emul/y ﬂn‘eao’eo/ mr?“- pure fension

(12) Y - combined femr/e ;ﬁess cx'lamq//v ﬂ:rem& par'f

31916 Komax | Vo + 0.57735 1 (Esmin = Ko max )]

wLere

Af- = '{’cns:/e sfress areaq o‘F Screw le) reaimi(n_mgxnfmquskﬂjﬂorﬁaj»m_e‘ﬁigtﬁti

Le = fno: em, ot n-fﬂ1 Eg min = NN, ,ﬂiuo[fam. of ext, thed.
= numLav nﬁ Hwead’s mzr mc}') »




14 r 15
: k_.4 max = 2-257'7’ 27 Dsmin=2.9762:a ) M"’l-m?fbw J.‘am, ext 1hed. W - Clevis Pm Svpr.'nq Canst,zn'f A55e55w+
Ecmia = 2.3278 in Enmaxz 2.3977in mM-’Pl'c,,l Liam. int. Hordd. - ’
n= L{ Z \"” ‘‘‘‘‘‘ S Assess ﬂ!e in;/uencdmafa_mfat‘ml)(wa&dﬁé&'fgt«[_lagg(_g,s_g/afaseo[ bt }te comeffrﬁfeop
A = 31116 / Esmin — 0./6238\ s 'f;.« steels of aver [00ksi __%\—w “ couf}esasm»w@ in The Holfee T;/,)l'('a_/ Kelnnr‘f.
Z n / wltimale tonsile shength ,_\W _
= (3.1416)[ (2.228) _ (0.16238)]" ’ iy N ws
(2)_ (4 :
=3972m* : 2R S , ) ¥ N
o ‘."_M T out-
| = _ (2)(3.972) . T e - ., A bt
(31916 ) (2,257 @5) +C0.57735 )(4) [ (2.328) — (2.2574)] ~
= [.LE8E in * based on s'it,ilaig(u of The exTernal ﬁmeaa/ \F \
‘ J 3 N\ \
T= As UTS: F_W
An UTS, -
j | P P . I
As = 30906 1 Kamax [ 1 +0.57735 (Egmin = Kumar) | D b - i D
LE n ! Lt >
= (3.M6) (4)z.2s74) [ | +(p.57735)[(2.3298)-(2.2574) |
(2)(H) _ C=0.25in
=4.703] d=2.875
] L,= §.7Sin
An = 30416 1 Dsmin | 1. + (0.57735)(Dspmin = Fn max) E=290010%psi : y=0.3
Lp n I=1 JdT = 335371
= (3.410)(4) (2.4 74&){ | +(os7735)[ (2.4m2)-(2.3472)] { 2]
G)H) Lr = 1. 625 )V Wofe: Ly and Ls ase nearly equal. As a result
= (1781 L, = Sin it il be assumed tht L.z s =ielsle
L;=6375:in = 5. 1875
*, | T = (4.7031) (/4e,000)
(6178,) (70_.005) — szr = [_1 L, +L3 /s
= [,5176 e =1
Q=JTle ) r‘emireoe lensth ofﬂnoqt;emenf o ,preven'f's/}i,p/pmq of He v f=1r o( ¢ = 6.Y9/8 ml
iiferna thread. Y7 ’ y
= (1.5176)(1, 6608) u Gz=_E = 2900") - )I.153810%) s;
Sl = 2,5629 in, ; Q%Mﬂ ] /15 /2000 b 2(ltv) 2.1 +0.3)




17
Mowhéswm_f_ei&tn é,&fgo[ /ﬂdAM,QJ.L anl ;Laiema/g/zmwaaﬁalmm- Aaul'nj ﬂc fwo Sal%f"ons +oqeﬂter‘ w‘e/aés
é\l Concpgfg'A@th&gLMLan ée jow * [ 2 3.
» Loy N ] Oaz=L [(e)- ()] - e [(U4) - (te-Lst)]
E g 2ET GEL
Lr - Ly w\"‘ . .aui 3
P= L0, 2 ' =L Le(9e) - 3(%) (") ()]
e 2 I " ¢kl .
Ly 7 Smmeliy boundary condiion B ~ ol [(M) - (‘f/z L) [3(4)+ (M - 2)]
S opplied ot the wmid-span - 2HEL
A Y +O, ("’, o')[ﬁu: m.m g
/ } [‘Leck H\e SIOCUI/D[QU]LA rafro 'l.lo assess ué ﬂ\er fAe Szear Jef/ec?lon
; g (s ne?lm uc
| PYTTY 1
- ﬂwﬂ F /;/o( Aot
& z L MMFer Koarks F-arm.(,la,s ﬁ,p S‘f‘ress&ffraLn [p '/‘lr Eo(ftm /4r7"¢c/e 7 Ia
‘r“ ‘H\e. S‘pan o?c ‘Hle Leam Slmu/l ée lL}te e»?“ re /Ch‘)fA (see ﬂle f&é/e

From “Roark'S F;rmuIQS 1(;»” S‘(‘ress&S'(‘mm G'th B, ?Lan gy Ta I

on pa.96203) r'e/afve to Fe Suppor‘fs

Ca.seﬁ_l@manp( 2a (Imea' Sepery pas't o1 8 u.se»é fo comé,ne the

i‘wo Soluh ons )

5}%&7 = (Lr [) [(/6 éZStM) (5 /875"‘ﬂ

Je/oﬁ’) 0{ (25’7S¢n)

= 3. 778’3

";r &Se iq; uSMJ‘? ti'e no')l'a'ILion Jeﬁrneoé a,éovﬁ;

ﬁr S'pn.n rd‘ o S o7c 3 or rnore ‘H»e rje‘[’/CCf onN Vs o[ou’_ '/-o SAear ‘s

o= Pl(%)- (% :

pea'tt/ccj’wn s oees:reap

Az eross section Hrea & Mw[u./us o‘f "ijio{lf/

2ETL . 1 o[epﬂw

=L _L2()-3(%] (*4) + ()] found by the method of wnit loadds fo Le

GEIL _

1 \/ = F [ VU— a()(
For Case Za, L / AG
3 — (..)Lere

Gy -(JJ?. (L’/Z) - (LT/Z - LZ/ZJJ o \/( £ a/e{‘/ec%mn Jue 72 slear

GE I 3 e F Z Cross Scc)"on -Fo‘ffér ( I/ 9 -ﬁor 50/:'017 circu/ar sec iam')
>{4 = -wl- (L,/z) - (l-r/z ’L% )] [3(“/1) +'(LVZ' %) = v— Verf Co.l S'Aearp/ue 7'3 ac?‘qal /oaa/;

24kl L Vg verl: ca-l Slwar J.x.e '/3 a uUn: f ,OAJ a.c‘fm‘i a:,' ﬂe sec?LM ere Hlf



f 19
SKeteh o shear-imoment d ia,Jq rom, ?rﬂ:“ ﬂﬂﬂﬂﬂﬂﬂﬂﬂ For 0¢X 4@/2))
o R g 2
by f ; i
y 4 f{ - M = "P,X
1973 1 r 'é X m\’ N
N For Shex < (br -le)/2-
L Ly-L, -Ls P 1
¢ z z R V= -~ (A +P)
! I W\iw -
: ? ! 1 n=-Ex - PK-Lyp)
YV I I | e .
J i : | u _ For (it =L)/7 < X <(LT/2)
! : | 3
i R - Ve ko G ]
|
. i | — Z
: - e PX PO )+ wh [x- G =]
Vi : f D 2
v ! | |
: e Or, | |
. I V= =P <X = P<X=(42)>° + (J, <X~ Uzztedy!
l | |
! ! i B M= =P <X> ~ P<x- ()Y + o <x-rt))®
| ! 2
: l |
,'AA‘ L t ; 4_2 - 7; UusSe
\. ! | B )/5 = F (__\_/_Zf dx
:\ | : - J A
| \\ : | ' i ﬁ_gamm_w,knusilg:)gmd/aﬁo( s e/oamfe é/l\ L8,
[} ) [ | A—
: \ | : b - = _/0, < XD>° ; na'/'e 7%47" ,0. :1
| AN ! J Ve = P<X- (Y)Y 4 w, <x- rgkady!
l{ \ \ | [ _l_ "/Z (Lr "lz) Lvll2 N
| N : e o= P T@CN) Ik 4 F [ o) Ff O sl (5
l| ][\ \: . / j ) AG _/ L/, AG ~j(l—r L) AG
| Tz
i l I y S




«r 21
ChroLa) Ly C :
)/S = F(O )( 2 - f_ ~FX 1 (A)z Xz - L_._/_Z (LT -LZ) )( {M ‘‘‘‘‘‘‘‘‘‘‘‘ Tc'fa‘ o(islpldce men%aj Hre ‘free enl 07," Z%e,;om S
A Lis AG [ Z z Urts) -
& ka vvvvvvvvvvvvvvv <S-— = Y f Ys
v. = FP | (Lr ‘_L_g) - ‘L_l_ _\P kkkkk - B g
AG 2 2 o =P | Lz -3 Lrl, L]
4 GEL | 4 8 8
]l 2/ 2\ z/ z \ 2 /] . - 24e1 | 8 || 2 |
_[-P[Llr-Lz) + e [Lr-L2)"- Wz (Lr ~La)[ Lr-Le) || T + F [PUr-L)- ahls]
2 | 2\~ 2] > \ 2 J T 246 | EN
Yoz EL (Lr=Lizls ) ~ Recall that Pz Liw,
A\ 2 ) 2
~F [Pl + o el i Lele 4 Pie - Pl N Then,
e ek /LT 3 e — ,
~op (Lf-2Llelr #)3) F ey (Lf-2talr+l3) - S (wala) (L7 -3 Lol #L" ) (whle) Lof2Lr-Ls)
8 4 | 2EL \ 1 8 8 |  I1926I 2|
= F/o /Lr Lt LZ.\ , +_f (ULLZ)[(LT'ZI) —- _L;é—
AG \ / | 246 |z 4
-F -w,/ﬂuzzrzz ~fiz-wf +qu -0, 13 4 o
AG [/Gf 7 /9_ /Z‘ 8 I = 'ST;__ = l /L:—--?l-:}-l‘{'L"\—- LZ /ZLT—_é_%\
+ (»J}/f{ wh LeT; + e Lz , | K  (nl,) 12EL\ Y4 8 8/ 11261 |\ z/
Z A ' + F [ 2Lr-2L-L2)
| 246\ q
FP (L;
T \" =z /, = | (2lr-3t30+ L) = L (Ylr-Lo) v F (21r-21,-Le)
+ F PLL - l-z EL JEYEL 8AG
AG 2 8 -
. . For Ly = S. 1875 )
Iszf__ F(LT'[—()"_Q_(}zLZ S Le= S.75¢a
246 4 . Lir=16.625cn | §3sss(zo’) 7,3532(10"%)+
S E= 29010°) % \ o Koon  + 3.2898(10°8)
B L= 3.3537m" [ 7T suzeras)
A A= 64918 in?
G= 111538 (164) Yn? o Kpin = 11792 (10°) ¥/in
N F=1o/9 = |1 |




Nofe ’Hnaf ﬁalS r‘esuH‘ (s Sst'I'c..ATa/[Y Sma”er 'qun ﬂza’/—oéenvcj

Ca ‘Hn—& Ho”"ec_ TR L.C kmn 3 l(,oﬂ) u/’l.

% A 1/l6/z000

23

A,Ploro)uma}wn 67( the HI-STAR & H[ -SToRM Ovemaak

N(fun« ' Ffefu.encc és. (/gro Vi e(_@(__é MUQ*! /%merem

)

l

Rigid Body Response of Cask

Concrete Properties From Desig;n of Concrete Structures by George Winter and Arthur H. Nislon

Density
Cylinder Strength

Split Cylinder Strength.

Poisson's Ratio
E
G

Metal Properties
Density
Poisson's Ratio
E

G

150 Ibs/t3
4000 psi
379 psi
0.17
3.83E+06 psi
1.64E+06 psi

450 Ibs/ft3

0.3
2.90E+07 psi
1.12E+07 psi

from Formulas for Natural Frequncy and Mode Shape by Robert D. Blevins

Bending Modes

Shear Modes

Axial Modes

Torsional Modes

fi = (lin2/(2*pi*L"2)) *sqrt(E*I/m)
for clamped-free fi

for free-sliding li

m is mass per unit length

| is area moment of inertia

L is length

= (li/(2*pi*L))*sqri{K*G/mu)
for clamped-free fi
mu is mass density of material
K is shear coefficient from Table 8-14

fi = (Ii/(2*pi*L))*sqrt(E/mu)
for clamped-free fi
mu is mass density of material

fi = (li/(2*pi*L))*sqrt(C*G/(mu*Ip))
for clamped-free fi

mu is mass density of material

Ip is polar area moment of inertia
C is torsional constant

1.875
2.365

1.571

1.571

1.571

O £

/uj. AT zo?
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Rigid Body Response of Cask

HI-STORM Cask Geometry

Height

Diameter at Base
Diameter at Top
inside Diameter
Overpack Weight
Full Weight

Area
‘ Base Diameter
,,,,,,,,,,, Top Diameter

Bending
Base Diameter
MMMMMMMMMMM Top Diameter
Mass
Ovepack Weight
Full Weight
Mass per Unit Length
Ovepack Weight
Full Weight
| Mass Density
Ovepack Weight

Area Moment of Inertia _

231.25 inches
132.5 inches
132.5 inches
» 73.5 inches

269003 Ibs

360000 Ibs

9546 in"2
9546 in"2

13697227 in™4
13697227 in™4

696.9 |bsecM2/in
932.6 |bsec™2/in

3.014 lbsech2/in"2
4.033 lbsecr2/in”2

Base Diameter
Top Diameter

0.554716981
0.554716981

27394453 inM4
27394453 i

Base Diameter
Top Diameter
Full Weight
Base Diameter
Top Diameter

Base Diameter
Top Diameter

Bending Modes
Base Diameter
Overpack Weight
Full Weight
Top Diameter
Overpack Weight
Full Weight

Axial Modes
Base Diameter
Overpack Weight
Full Weight
Top Diameter
Overpack Weight
Full Weight

0.000316 Ibsecr2/in™4
0.000316 lbsecr2/inN4

0.000422 Ibsech2/in4
0.000422 |bsec/2/inM
Shear Coefficient Table 8-14

0.5857
0.5857

43.7 Hz
37.8 Hz

43.7 Hz
37.8 Hz

119.1 Hz
103.0 Hz

119.1 Hz
103.0 Hz

y s

0
- Huy. 25, 2000

Shear Modes
Base Diameter
Overpack Weight 59.6 Hz
Full Weight 515 Hz
Top Diameter
Overpack Weight 59.6 Hz
Full Weight 51.5 Hz
Torsion Modes
Base Diameter
Overpack Weight 77.9 Hz
Full Weight 67.3 Hz
Top Diameter
Overpack Weight 77.9 Hz
Full Weight 67.3 Hz

Rigid Body Response of Cask

HI-STAR Cask Geometry

Height

Diameter at Base
Diameter at Top
Inside Diameter
Overpack Weight
Fuli Weight

Area
Base Diameter
Top Diameter
Area Moment of Inertia
. Bending
Base Diameter
Top Diameter
Mass
Ovepack Weight
Full Weight
Mass per Unit Length
Ovepack Weight
Full Weight

203.125 inches

83.25 inches

96 inches

68.75 inches
153710 Ibs
~ 250000 lbs

1731 inn2
3526 inA2

Torsion
Base Diameter
Top Diameter

1261167.999 inN4
3072588.697 in4

398.2 Ibsec”2/in
647.7 Ibsecr2/in

1.960 Ibsecn2/inn2
3.189 Ibsecr2/inn2

Mass Density
Ovepack Weight
Base Diameter
Top Diameter
Full Weight
Base Diameter
Top Diameter

0.001133 Ibsec™2/inM '
0.000556 Ibsecr2/inM4 :

0.001842 lbsecr2/inng
0.000904 Ibsecr2/inN4

Shear Coefficient Table 8-14

Base Diameter
Top Diameter

Bending Modes
Base Diameter
Overpack Weight
Full Weight
Top Diameter
Overpack Weight
Full Weight

Axial Modes
Base Diameter
Overpack Weight
Full Weight
Top Diameter
Overpack Weight
Full Weight

0.5265
0.5417

58.6 Hz
45.9 Hz

91.4 Hz
71.7 Hz

196.9 Hz
154.4 Hz

281.1 Hz
220.4 Hz

0.825825826
0.716145833

2522336 in"4
6145177 inn4

Doy A

Shear Modes
Base Diameter
Overpack Weight
Full Weight
Top Diameter
Overpack Weight
Full Weight

Torsion Modes
Base Diameter
Overpack Weight
Full Weight
Top Diameter
Overpack Weight
Full Weight

4‘3- 28,2000

88.6 Hz
69.5 Hz

128.3 Hz
100.6 Hz

122.1 Hz
95.8 Hz

174.3 Hz
136.7 Hz
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"I have reviewed this scientific notebook and find it in compliance with QAP-001. There is sufficient
information regarding procedures used for gconducting

tests, acquiring and analyzing data so that another
qualified individual could repeat the activity,

> 30-2owp

MGEE -
(Element Manager sEgnature and date above line,
Name of Element beneath line)”
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