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I-I

PROBLEM S TATEMENT

On Mofch 32,1834, the U.5 NR.C subm tHed
Docket No. 50-34; 1o Delroct Edison Com/;c../._e_
The Dockel consists 9 @ fecimes‘t for *.
adc‘Lthno.P wl{"ormoi(om on Fermy £ CCHVACL
5d:tem deslﬁn and OfP(’JA-LLOW. In /saf'LLCU&er
there are several (ovceriis reja/d\vqﬂ the
struciu(c«@ m'tejn'tj CQQCLAQQ‘&JOV?S.) HA- O5]ge- 686
ang HA - 03/95- b46, pengv’VH(fc’ bj HOﬁD{(

3‘ Cssociates.

This )oo\cbraje L5 Pfe,oa(eA w1 order to f?.‘.FCr}d
to ove or the conments /DOsecl b:j the NRC
reﬁo/clmﬁ HA -05/84- 686 . Namef\\,s)

“"The structural LWtQSthj and
oLy ‘L\jh't/\es_s O,(‘ the tf&nsverse

Jowits was rnol evoluoated”
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1.2 INVESTIGATION APPROALH

The os-budt wv’y‘lSq{thOW o tronsverse
Jowts used n sjstems Qmaéjgea' w
HA-OS/Ba—bee wi€¥ be rewewect. The
€oads ocJLu/\cS on these Jow\'t:) wiff be
e;‘tabP\s%eé\“Tmom wwpuler runs Mmode
b\j Hopper 7 Qssoccales., Rased on these
€ocds  the structuved m‘tejntj o the
transverse Jom‘ts will be evoluuted.
Qlso , the pozyb\(kt\\j o f@aﬂge &akaﬁe
will be (/OWSLdPV‘/eA’ ond 'Co\t&aue co\IDabmﬁfﬁ

wifPl be discussed.
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1.3

REsuLT SummApy

Based upon calcublations Perfo‘rmeci

v thig /Do\ckac‘e it wos determuied
thot trcmsver_s: JOW\‘LS n 535t€ms
Z28YB-3 , 4316-/, H3l16-b and U3ib-7

ore stru\ctu«o\gﬁij c«cleciu\afe to
withstend o.te SP{‘C\{‘IC Ea/{hcluoke
£00\c(ufnﬁ ond opemizomoé &JQAMS) without
exc.eedmj Code ocllowo bble stresses and
fovces | end without compromising

s tLjH‘L ness.
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Four ductms 5q5‘tems weve eva&mteJ n
O

HA -05/8% - 8%,

2eHe-3

This 535t€n7 LS €ocatec1 LA ﬁlﬂf’ C{u\tlelo\r'u\
Buadej at an elevolion or 630'-3'; The
535i€ﬂ7g0m&5£3 %f /B‘I¢OWWi?f fOMﬂd

duc{S.

H316 -1

This 5‘35‘t€m (s fQocaled tn the aunﬂar—s
Bu‘{;dm‘zj al elevolion 680-6". The s‘jstem
consists of IH "y 14" squove ducts,

4316-b

This 535tem s Cocated i the Oux«@c«v’j
Bm?dms ol elevoation 630 -8" The 535teW’
consiste or 16" x16" G uare ducts ownd

17. 5" diameter round ducts.
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} Yo : *, V2 l
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_.f Towr SARAZFED Te DULT
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= s s L= W i A0
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s 1 4 11—
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/sn& AS SCHEDULLD
3/a° pia. BelTs
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" BrRAZING ON
Mf's 8 CEnTERS

ConPrsion Avare sTo_c_o:)_‘t’_____~

GrSKEY
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. O CLWTEW,

- — i ———

-
—

The Omséfe 3\(}?5 wear Gve |

EECTANGULAR




HOPPER AND ASSOCIATES
ENCINEERS

HA-05/94-0819
j 95 0a-ge1

ion 1
CALCULATION SHEET |
me_ Ke<POonce 10 Comceer 17 oare Ace 3y pace: v
SuCY:__ SYsT En  DeESsce PTionN BY: A R ok fK— SHT__4 oF Y

2.2 MaTERIALS

The malericfs

ove f

SweeT MerTaL
STIFFNER
BocLTs

GCAsSKE T

WeLp (< IByae)

wWerp (steer 1o
STEFL )

u.seJ LN bomc'quL{,LOW

A-527 (6-90)
A-E5785 (N-/ozo>

A- 207

[Qe[ ']
! Qe[ ']
(cssuved )

[ )'20{ )]

SCE 4-1 Neorren~ne

CLosge® CELL 5POIVL.E

Ficeer Type | Cipss E Cu S, [Ee{ ']
(.CONFO,2MING TD AWS-AS.E\
Cumss E7?0/8

(ComFormMiNnGg TO A WS- AS‘.I>



HA-05/94-0819

HOPPER .ANND AS‘SOCIATES Revision ]

CALCULATION SHEET '
wne. Keseonse  To  Comcegr  [2. oATE A pPp 9Y pace: g

sussecr:_ 5,0 Ameovsis PAPeeoacH v AR o pPE"sur: | of 29

.1 AscumPTions

I F"&m‘jes Gré r.S\A for boll tension
ana{\js:s

2. Goskel matlevial s ]’\SLJ fFor feam‘jp
€é’ako\c1e anafusis

V

3. Boftune matleriol (= AzO7

W, Mo“tfv:aé‘u AS527 ¢ R575, hove the same
mechanicod 5’tr’<’w3th properties
as corbon steed a-ac,

5. The AISI Code 30vem5 the d955n o
ductwork because or (ts aFP&wbaZ{j
to thu gage sheet metad. [EeTr IS,P? 1-3-1]
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372 _Loaps

The €oods due to Deac\weglqt are obto‘meJ
{‘IOM oOmPutef rang performecJ g
HA-0s/e2-etb [ Rer 2], The sesmic wnduced
forces  ave f£rromi HA-OS/Bﬁ'bﬁb/ obtamecl
from a Scte 5P€Lt{([ Eafi%a/u‘aue ot
27 do\mpxnﬂ. The Hopper f Associates com/;vde(
vesudts ore bosed on Sqévanggea' metel ducl
sheel thcliess, To estimiale the frovees
avd moments thal widl result bosed on

a boie metal thikness | all the forces
r’e—FOf‘tecl W HA-OS/BS- 686 oare mm?tzlaﬂecj
bJ o covsesvol ‘e /“octor O’[‘ ., This
fo\c{or accoum'ts ’c‘or the f‘/e?uemc\j

5&{‘( due to the added f@eubtﬁfﬁ.

The Loods are Summonéecl w1 Tables 3.2.1- 4,
The c‘es«.{jn pressure  wa odl the s:jst?MS

ts 22 wach H, O or 0.735 Pst.
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3 _ CRITCAL
DUCT SvYSTEM Z8B48-3, IB Y LochATiON:  ELEMENT 30
~ODE 30
SELF WEIGHT SSE (@ 2% Damp g
Fy ) 730
Fy ~121 70
Fa o 840
M, 4100 1380
M, & £2730
M, - By 410
FORCES - LBS
MOMENTS M- LRS

“ Values mcé’ucle [, | ffﬁueucj o\c\éustnveni

,,Co cto.'

TABLE 3.2.]

LoanDS FDR SYSTEM

2848~/
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Fa # | BSE
M., - 144 40
o M. 7 63260
; M, - 217 170
H
; FORCES L8s
'~
! MOMENTS® N~ LBS
T D - e ) S _

¥ Vablues mcéuAe i f{etiueij aAJu.stmemJL
fo ctor

TﬁBLE 3,2.2 Loaps FDE SYsTem YDle-]
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DUCT SYSTEM Y43i6-b,17.5%

CRITICAL

LOCATION ¢

ELEMENT 5D

~NODOE

47

SELF WEIGHT

& ¥
SSFE @ Z 7 Damp

Fx "/ 485
Fy - 303 &
202
7
4780

FOeECES .

MOMEMNTS &

LBs

IN-LGBS

Va?ues

fo\ctva

TagLte 3.2

wnclude || £ cc;uewcj ac\éus‘tmev‘\t

2.3 L. oAps FoR

SYSTENI

43/6- &
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DUcCT svsvem 4316-t 10| Locarion ¢ ELEMENT 27
~NODE '2
Sa—— — = '
e | SELF. WEIGHT__ . SSE (@ 2% Dame
Fx & 625
S -V T B 39
Fa ¢ 202
i i
o M, | - 305 210
TN o ARSI T SR N
_“-7—1 ----- S— <_“T—. — -—(I___. e Fp——] ——
S I Mé R 58 140
EERET B & |
A LA N K T R T ) 2
T NS L i - T o ™
. TR . W FORCES ;. L@s
_.+~,;__AL. b O b TP ' K B
i | ! | \1 ! ER
S LT T e MOMENTS* -
e N— \“X .OME s IN-LBS

| * Volups uncfude

| 7('0 ctor

I 1 f(EC} uewc3 aAJustmem t

Tagie 3.2,32 Co~TD
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DUCT SYSTEM 4316-7, '8 Pl LOCATION !  ELemenT
~NOOE
" ¥
SELF WEIGHT SSE @ 2% Damp
Fu @ /1428
Fy <8 r A 1
Fa O 4o 9
230
MZ2210
260
' FOeCES . LBS
MOMENTS & IN-LBS

Values wicblude I, ] f”‘?“e”‘:j O\A‘Sustment
{.‘o\ctOf

TARLE 3.2.4 {paps Foe SVSTEM HBIE6-7




HOPPER AND ASSOCIATES HA 05/94-0819

ENGINEERS evision ]
CALCULATION SHEET
me_Kespornse o ConceERn 12 oate app 3Y pace: 'S
SUBJECT: Arpevsis A Pei Oar w BY:_ _A.Z. cx: /Mmé/sm _ B oF 7u
f s S st i ot . A T I . e e s . ———
|
i
i
= . 3 : ! CRIT‘CAL
: DUCT svstem 4316-7, 16" g LOCATION ¢ ELEMENT
g ~NODE
g y
R SELF WEIGHT. . SSE (@ 2% Dame
f.
I Fx @ g77
S Y X . ) 7
Fa 7 68|
’ - -
| M, -20 ¢
. M, 28 63700
S S . RN S -M? —— 7"- _IBO . ¢
- . .Y -m_m“_w““”mmm‘m“-_ b
S e ot S SSRGS ¥ S ) S
T SRR S S W < _' FOecES » .es
0 S e ES . z% | SIS
O e SN T ‘ N _,’ - - e -
N MOMEN : IN-LBS
k- o SRS S W R ) -

- ———

* VobPues wAC éuxae

f‘actOo’

TAgLe 3.2.4

CoNnTd

11 Tf('e?uewcis o«AJu.stmemt
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3.2 _AnaLyTicaL [DEALIZATION

2.3.) PENDING
The €oad dislribution on the féahqes due
to bemc:lmj s oGssumed os foffouu_g

T +—F v

EecTrrguLAR SEcTiON

_Rb

L a - | __¢_

A
Nt |

AARARRECRRSRARRNN A ¢
Total boll avea

e
o VS |

»r D
s o
1 1"

Compressive avea
C7asket wxo[‘uq
= Duc.'t he\ghi or w\cl‘th

d * D'jta\mce {.‘/OM boet ‘LO eitreme wMFfesS:OV)

. A
"
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Anvarvsis  Apreopr i B: _A.E ox:_ L~ sur_JO o 2

63 {*m&ms the cenlrod j or th s
:xed‘,aon) the the oveo. i CONVI PDress o1
con be delermuied. The oveo, beun
Wmpressed e tlae ao\ske‘t moterial,
tlnpfefo(e the bolt ovenn hes to be
troms,('o»fmecJ bj the fc«'bo,

Es
Ec

where,

Eg = 29x10* Ps(

E, = (40?3 ,95{) mModulus 07/' 6€a5tLClt3
for Sa\ske‘i ma‘tenaé’) Chéofolpfene
L Rer 3, Py 2147

Es = 23w.0' | 22000
E‘ l'(o‘;

Becouwse the fc\‘tm LS sQO €o-v8€) the cen‘(/O\A
would € near the “tens on bofts, Thue

|
t e moment v LS mmuvuged bj

d ond
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SUBJECT: ArnaLvsis A pPreosacH ov:__ A K o jule sur:_ 1) ok 74

.~ L 3

Thus, ror ibx 16" duct and Likxigek

¢ e s . “—ia/u'l“'ff) (oPPv’OnuMO"LC)

v L
’S'(fyf) « "
R N @ ' e —’F I'/z_'(#yp)
L
/b"(if)
A - i > " e W
d =[( 6r 2o (l5")) - % ] 5 = 1247

6\m\&.r€3 for the x4 duet
d'= 10.83"

The Mo XL nn W] tems|on LE detEfM\me(J

O
i SN P < iy it
f—-.r = ':‘-—d?- Nn = # O{‘ bOHs 9% tfmthm

lension on one bofl,

ML i=: - 1
/6![6 F-rm" s(,l.?) - .0‘65 M
iy Fr, = M = 0231 M

4 (10.83)
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EOLAND SECTJON

The tewns e @oad‘mj on o bo#l con
be estumvoted us‘»:j the fO@”oWuvq

af/&“r(}x Lma'{,LOm)
Aby = TIC te

wheve
AIO{ - ‘Tb—tﬂé bog't areo) un(/udtmj UQ»‘:"P@.SL/UH

C = Boft cwcle dwaweter
'L‘L, = Eﬁu\w\[cw{, 6tﬂ.P W\A{ln
Z - T Ci‘{/b 2 = SCC{AOV) nqodupus
Yy
F-r\ = M AB{ F-y" L ‘TéV‘ISIOW ofte on

———

{' wubt (/‘t« oV

Substttutwg ’("Of Abt GV'lcl T, we get

Fr=_tM _(Tcty) = H4M
uCztb t:
L‘

Because the Y16 X L i | bo@f 5Paut§ 7(‘0(
duc‘(. F?c\nﬂes LS ‘1" o.C , tl’\e nuwb@( O_/‘
bollc w fl/le e Cur clu(,‘( pO»W)e’(,éan LS
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susecT: A NALVSIS  ADPROACH BY: A £ ok IMFETsur 14 or 21

32,2 PeEssuPE

Internal pressufe will wtroduce é’onatiudmaé
{o.ﬂces whm"\ hove to be taken b\j
tl‘\f bo@‘f_s

3 ﬁ, r)’“’\j C{{‘ec-(.
(—A{HF‘ Fr X e )

P

! e epre r)f, due to ressure eo:-xclm
{f P’ oF P q
L5 wmsuclerecl/ 'Uae Lnveose L bOﬁ Lens=i0;

can be fOumA fv"Ov‘l?

Fpo = Fr X
F n
wheve
o =(1 + 100bd> -18wi*/n L ch 4 P z.s']
7004Y + 2| Lgi.‘ﬁ. e
b = distance From eclae of atioclnmem't to boft
d - bO?t d\ametef
() s d\s{amce {‘(O\M bo@{s (€Y tews:on io tﬂ\smm C(‘lje
Ww oz owidih or PPa‘te
N = numbeér of bofle
t

= thickness 0{" P@u’tc
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SUBJECT:

A~NALYSIS RAPPROACH By A2 ek MAL- st /5 oF 4

Caﬁcm@atwfj o 7(‘0( variOus du:i uon/"a(ju\fc«t(oymgj

DucT b o o w N t o
"oxlv" % % % 8 5w 1.5]
14'% 14" 3y e Y " 177 Y4 ' L4944
18 @ o 3 W 36 B h% 2.10
13.5 ¢ 3N 2e + W 8.8 7 3 2.0e

For tueubar ducts | ‘W s wnservalivedy
es‘tu’vmtecl s lf\o-é;f ‘L\ne CLO’L\A:’VI{C(CM{‘D\é
boltl curcbe &ngth.

The eomqa'tuémo\@ tension foftes ovise
from membv’owe stresses w the ducl /ooméi
For cwewbar ducts | ths fForce s eas«€3
deternune d frrom,

Fp=PAp=P r_D_)
wl«we,f 5 ( q

D » d\ametef o?( the ducf

re” @ Fp » C7ss,>s:)(" (18)) . 203 Cb

17.5 ¢ Fp =2 ,>-l;(u (7. - 192 2b
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For fec‘tangugmﬁ ducis Ob‘togﬂtmfs,
eOﬂﬁgtU\A\V\@Q {’Ofces (s o much more
wm,o&x task. From [Eerr 4, Pc‘ 4z2 j,
C
P@afes with osioegi ratio b/a'<% cavi
be wonsi dered Lv’l{(ﬂLtt‘pu\ ?omj, ond
f\r\e/efowe con be omoj’ggeé as o p&ie

N’

be»'WA\VWC{ LV'\tC’ o C&{Lv’) (\Caé .s\,»u;[o\»;e.

Fromi obove 1 can be seen) thed om?j

trovisverse tensife stresses L€l be
Sljﬂk,(‘lcab/\i. Taderd -us. et @teraduve the
€ow&\t~.~c\mo~£ tensile stress « ol discussed.
However, a reasonable estunviode of stress
com be oblewed b\j ca@cu?ath the
de{‘&-ctom at the center O{' the /D&de,
From the de{?f:,‘(,mn ,the stran and the
stress con be estimaded.
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SUBJECT: Ropivsie  ArreoncH BY: AL o pME-SHT:_ IS OF 74

Thhe trovisverse tensiée stresce at the

center of the me‘te .

(Vd-b> = |D.9
\ EtY/,

b

(VG b‘) =18 (ertrapobated)
e

3

Et
olg
V‘;m' = 1049 (2‘3,1[)"\)(.CJ‘-{VBYL . k85 pe
= =

/4
. . = v
qw“ : e (20'"”11?('(7‘172) - He59 FS:

/

T he Eonjutuclw\aﬁ ,s'tfes; canl be Gs‘t\maieA
usu’lj the foﬁowgmj 0\55ULMF.LIOVL

rjs.m' (,\(*) {y-.lzz .
{:(.) e ./ r
’ £-30" L
AN PRoRE

f,(x)’\.'

MRS,

The de(?erie::l slf\ape can be aFFrox\matcA s,
{',(x)

{,(x)

"

22 s ("X) {‘,(x) IIZSM("")

1!

037 SwW» .!..5—) (‘f(‘ = ,067 Scm(lll‘>
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SUBJECT: Areoysis  AepropcH ev: A [ cox:_ Mg1“ sur:_ 1S oF 2U

The éenjt\n o the arc can be .’(‘OumA
fmm

2

j\/w (F0Y ds

T he sfv’o\w\ cen be uomputed {'WOW',
6 = L —f = AL

E -4

So , for

£=1b

J\/l + d ( s2«,sm(7" ))) d)l
= 1,434,

SLMLPCA/Qj\

€= 20"

€,5 4.08x0°° €, = 2.573w0°%

€ = /4"

£ = | 184«107"

T he v'oJ{Zco'.s ave

J

Ew . 1M39a0Y 13 .55
530". ‘1'06!10.7
£ - _11B4w0Y - 4.59

€ 3o 25785073
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sussecY:_ ArvnaLysis  RAeeeoac H By, AR ek MEE sHT:_2ZDoOF_ 74

KnthWj the rotio O_{' the <trems .'[0/
‘U’P ﬁruwsve/se OV\A @Ongxtudtwag d\rec'bOns)
t he &oquudmaﬁ stvess con be estimcied

bj’

= Y4652 :
(V;&hg).e" B TR
(w@,vﬁ).m = . 3685 - @03 ps.
‘ 4,89

The total tewnsbe force due to preszuie
LS Obtau/IPA {rmfm,

FP T(V;&/%) AA\AL_L
lexit’  Fp=032e)( 0u78«l6x4) = Yo5L £b
4% Fp= (6a3) (.ourgxld4s4) = 2150 €b

The tension per boe‘ﬁ,mcéuéwﬁ PrYWY,

{O{ evw\j 6€CtLOV| s defe/mwecl {‘/‘or\/l)

F—TP.:—E—PQ-:M

n m

The fo_sw“;s OvE summc\ﬂ.?ecj W
@
Tobfe 3.3.1 .
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CALCULATION SHEET ,
we_ Kesporse 10 Conceen 12 pate. A Pe 9Y eace.  ZE
BroaLysis PpeepackH BY:__A B cx: A% suT: 21 oF_ 20
DucT & F n Frp
o' x 6" 1.5 Ho5b € b 383 fb
1ed ' 14" [ 44 2150 {b 12 25¢ €b
12" ¢ Z.10 203 bk 16 27 bbb
17.5 ¢ 2.06 192 €b 15 27 £b
TaeLe .3.1. Tensice Foeces on BolTs
Due To Pressuwee



HA-05/94-0819

HOPPER AND ASSOCIATES Revision 1
ENCINEERS
CALCULATION SHEET
mu:_»_EE S PON 55___10__@&5‘;& !Z __oate_ AP 9Y  pace 9
SUBJECT: AnpLysis ArPeOACH ev. A E o MpIC s 22 0F_ 7Y

3.4 EvaLurTiON ConoiTions AND CriTteriA

3.4.] P~reLicaeLe Copese AND STanDARDS

AKI1ISI - Cofd Fowmecl Steef 005\3\/1 fﬁef 6]

Monua , 1989,

AWS - Structu? \/\/efclwu Codle, [pr{ 7]

’Dteef, /1983.

AISC - 5Steel Conclvuclion Mawuaé [Qe/‘ 8]
9% Edtiou.

ANS)/ASME N508 - 1980 [ Bep 8]

342 STRENGTH CeTEERIA

The boft slress allounbles ove bosed on

the Alsc or AIS] SFeC(f(CMj,LOV).S dépenclmc&

on 1 hic kvess 0{ the materiaf berS
wnned(,ecl.

l{ thonest convected pa/t 2% AlSC

< 3 AlS)
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SUBJECT:

AnALYSIS  APPr orcH BY:__ AR ek UMY SHT: 23 OF 7Y

343

The wefds stremﬁ-t)/; shalld be checleed
c\scumrt Alsl and Aws DI 5p€cx{aca‘ﬂ:0n5.
Gs diecussed i Ais] [Rep 6, A ui- 33]
Cofny11pnfaf~3 )[o( cornected matenald
€ecc thav .18 (ach «n thic kress ‘teanmj

of the sheet me{aé e the wniro@?«mq
fadure mode.

Sh[{emef s{/en‘j‘th olbowe bl ove bosed
On ANSI N508-1380 Pmaj. S5.10, 2.3
Whie h Specyes o max wmuwm slrese ©
0.8 o J\eéd strese for ombuned Zoeds
which  wneblude the Sae Shutdown
EQF’U’\%LLOL(GI ond 0.6 J j\eﬁc‘ £or oPeroctlom.

Dercection Ceiteria

QPowic ble stotic def&d',tom or s‘h_'[fner.s
ts based on ANS| N5O2- (280, Pofo\S

w tn I 'G’ G t‘Ol ’s )

‘1g" per [OO'C 0{ spa butl o more
thon 3/4",
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344 Frarnce Leoswnce CriterA

3.4.5

The Codes do net sPeU/Lch{u(

O\C‘lcl/f ss  ths Lssue , however o covs evvert e
cra‘terao\ con be devegopecl 7C\’Ovvx G
a_s.sunnp‘ll,Lom that {‘é’anse éea&(aﬂf" BI2%
Occur when the poll ‘Luﬁhlemtnq slicse
LS  Overcomné€ 3 bfmd\w’? , tens: fe cjmd
preczuve slreszes | gm'i,mcluced o Lhe

boé’{ {»’Cn‘-a‘ éxiév’naé QOQC(\LB.

FATiIGUE CriTERIA

Faf\aue c,OﬂS\Clero..ftOV) Ls basocl onN
matewaé’ p/’opéftles omc( f‘mf&aue CAYVeS

{’OuMCl L voariodus eutero;{:uufé
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e Ersponse 10 Comcern 12 oare: AMAY S v pace: =X
sussecr: 4. O A~ALvyeis _ BY: A2 ok (MM sur:_ | oF 4o

4.1 OSvystem 284¢-3 - 18 @

BoLT - CHeCK

Tens €e forces w bofls €l onse fvoni,
D?f‘ALﬂfth?t , Sesmic ewnd Press e
éOoéxmg.

Frear™ From * Fap* Fry

whfr{’)

,:'Tm - Tevsion Cu/tStag .from bend;mq /‘OfCC‘—
F-rp w Teiision owsnﬂj {‘mn? /foss:/é’ 7[0“65
Fre = Tevsion CH/LSLPB {roni tevs % FOrces

From Previons fe.‘:u«ﬂs,

Fr. = .0128 M (P 20)

T
wheve

M = Mow + Mg

M = 874+ 52720+ W0 = 54014 (n -€b

From= .0128 (5901&/)-.— 628% Lb

- T30 -
F__Iq:._’_ "b/;o’{: M

{

Fro = 27 b (PazeB

D
' 2

Teo.+ = ©97 + H6 +27 = *70 Lo
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SUBJECT:

ArvaLys s

HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET

HA-05/94-0819
Revision 1

DATE: /LT Ay é < PACE: 33

BY:

AE cex: Mby~ sur:_2 o _yao

The stvess on o bobt

Apolf = ":‘(B/GY = il wachr

P{ - NFTBDLT = _7_22

Abolt 4

FrOom AIS(C

1% 3

F000 PSLI

, Toble 1-A | the oblcwabbe

tensife clvecs 017 A207 bofl (=
P{ = T, 00U ps
ft s 7000 < Py fzqoo‘fl, O, «

The shear own bolts devepopes £rom

forermaé mo.&»en‘t, CM/\A shec«rtw‘j {o»’ces.

FVm » Z_M‘
nC
= 4H100+(2p0 - 26 &b
8 x 13,5
Fy, = 12+ 20+ BYO
/e

Fuboer = Fya, +Fy, = 36162

v = 10,000 /:*.'.

-
-

2 €b

98 Cb

AISC | Table |-D

83/ < 10,000 ps OW
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SUBJECT: AALYSIS

9 Y4 PAGE: 34

ey: AL ok MY~ sHT_ 3 oF 44

FLance - C Hecw

The duct ‘F&mﬁes conisisl of WIpanion

CMSQE slnapes. For 2€48-3 the

owa&: ave | LI1Z xl5xtg

.

STRESSE S

Stvesses wa {?cu/\’}es. Orise {'fov”‘ L«/\‘Lelﬁuf
o

Pft.‘.(dl/e @chc\m-( ‘chm.smLﬁecj Q¥ 1Confr»’)

ar l/rooF and Qom\(j\'tudmag stresses.

The pressure stress (s de'tévmmec\
](‘(OWI

Pe = 4

wheve,

g = 798 ps, wilermal pressure
r 18/2 = &"

4 <y ,0,43[4 &3 thicknecs

il

it

pr = 735( 80) . 58 ps. K- 6(36000))
s = 21, bOOPs:

There = o Po.‘.&(b\‘eﬂ'_\.q thanl the
-
O\L'\Sé)e e mo b\fxcl‘(éf, The C(:iucaé
v
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W
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SUBJECT: ArnAaLysis BY: A P ek M sur_ Y or 4o

bucbréwlﬁ pressure s determuned from,

Cir?:gl [E?f 5)P3(373,Ca$€8]

I = 2z, 078 wvaich" = .is6 wach¥

r= 9.0 weh

So,

Q' = 16,600 psi 3> .Fes pse, design pressure

Thp/e(o(e bucl(?mj should ot occur
W Ound f‘@o.m\cjps.

Tevsion wn bofts wll witroduce

s‘t/esses wn the {‘Qomge eAs shown,

Fa, ,the qoskel bood
02{5« tae boltl (s nol

ub eclive, Gussume
(2034:j e?“f? ctuiveness,

18.5", boll cuwecle diometer

\ B, = 19.75.") 635149{, center d\oumc‘ter (Q’:Fm.)

. B, *72018’ J‘
\\ 3
othe < (ER) (8ig) = 5 ol o
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mme:_ CEsPONSE  To ComcErn 12 ounj/mpm 26 '

ANALYSS BY: Ae o MEFT sHr:_ 5 oF 49

The tensife food own bofls cownn be
Conservattvépj o\vevo:jecl bj

W: /:TQQLT % N P{’I C(/Lun\/‘((t’mttoé L\/'clq
nc
= 770« b : 2ol eb/\.,,cl,\
im(19.8)

The oY é V\_‘t
MM

{\Mg wh= 20! (.3p) = 60.3 m-%@

Tle

strese per we b or f*eamac

LS

Z Ci28) (1)
M»—/
The awuwo. b@e {"Ov’ eavth?uo«"‘e -.l/'CluCeJ

Q{_ - [‘;_fli_ = 0.3 (128> _ 2_3,/&0/:»5.'

€oads , Per ANSI NS09-80 | s
B (Py) = .6(30,000) = 32, v00

P{’?,Bllbo < 32)‘{00,3&1‘ s Ou

DEFLECTION

Suclqmq {"(OVVI e s‘t:’csws P/Oclucecl bj

wtervial pressure, {Pamse defpni 0
will be smoll n ronnd dud
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SUBJECT: AnnLyc:s

ev. A R e ¥ our b o 49

WELD - CHECY

The {‘@awae ama&s ove b/o\éec\ 1o

the sheet metalb 6s Wos shown
wn Sectionn 2.2, The bro vl

f i
own (:emiev'. ‘T his broae \S e(fpc"tecl

e |7 €fovig a.nm:1 (S P?uce
~J

Ov?p:S b\.\ w\{ermaé P({’S.S\J\{e (XS _slncwn)
)

Rw

1

The bmée reac;tto\/t f’ofce BN

O\FID(O‘(L matecl bj‘
Rw = ﬂ/d{'

= 195 ps.
d = 60, U(butag duct Ceiglh | . e
v
distonce betwean s'tt‘crfene.fs

g ,gemj‘u\ of ducl 1oken b:j one
braac,

-}5
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SUBJECT: Ariarvysis BY: A L. ek 4 MY OF 4o

Rw= .7%5 (b0)(8) = 382 &b

The ollovyoble Lood LS de‘ﬁe\/nwmecl
from  Aisi Pa 1-70, which
specyres thatl £0O0 e food tronsverse
Lo the weld the o llovwiebée £orce
(s |

P. = L Fu

w\’\N{

P

f«.é@e‘{, u_)egcl

t = o478"  thuckiness of sheel meted

L O €emjtln o brogze

FR = 58,000 /35;) ultimate sl‘fenj‘tlnq/
sheel metal.

B, =(.oy7eY( 1) (se,000) = 2293 &b

DuYtC‘mS bﬁ +the 5«:«/e‘£3 fodtov’

'23 o Em -jl.."' AR , W QcL C "L
ﬁu fae(:tom 3 [e 3
Ro #2372 . 11100b > Rw =382 05 (.

2Z.5
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TITLE: EEﬁF’OH::E-:J:D CoNCEEN 2. oare: MAay Qu PACE: 24

ANALYs)S e A F o Mg swr_g or ya

FLRANGE LEAKAL{E‘ - CHECK

As d\scus_seJ Prev:ouséi\j, f&mae
&‘alfaje (S GS5LA»’V)€<J to occur

when the bo#l tightenig stresses
Ore  Overcome bﬁ ‘LLt:mston T\PJrOM
Vavious bev’xd\./-q\ tensi & omcl pressuve
S’UF.:SPS. b ﬁe\rms O_{‘ {‘orces) the
‘gPakoSe c\(\{.@hc\ (S

)

F:-J\L("F-M”F:{ "'FP = L2

wke/e)

Foaw = Ty 11 Dy
l-{

Dy~ - Bt boll dometer

n = lb, number or bofle

-~ B o boét baeﬁd stfemsth or
boll stress thol w2l couse S0%

CDMF/(’SS(OH LN SQSRQ{J wktghwe/

s 5n1c~,€é€/. Th:s LS o /fasonoxbpc assum,){/o”.

= J (2ep00) = 15.000 jos.
or Vmk ecib\aﬁﬁ 5t/€S> needeA to ochreve
50% wmpffsscon Of the Saskff_
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mu.-_gﬁsaw;s TO ConNtERN 12 pare: /MRy S 4 /pace: 40 J
W

SUBJECT: A~NALyss BY: A R _cx: - sur: S oF 44

10 estiwuals stress nesded to achieve

507% «.ompress:on the s"t\#me’ O/‘
the qosv(et needs to be col wbated

GROUKET

boftl hobe
J GYEon

Aren. = _'_”'_;, (141-/6‘)-15_2_("/3)'

P = L 9 L B
/.,.4’\ ge LWcLu o~
\-\’\/‘/[THE D""".N"DNJ PACE 53 «7;\1’;,-_]
U= EA
"""‘L_ )

’00’\}000/351
WASE 1000

NGOPr"fnf [29{ > Pa AU

8807 PSIM

= I/é

Sasl«e{ 'tl"\clmess (assumec])

L5 (40003(88 7 | 7.09.0° €b),
M /Q
Now,
P =k A P - B ,I/& , S0 LONIplessiOn

& - %0940 *(l.) = 44,350 ©Ob

Vo, "—72—— = = 20,200 ‘5\.
T ARy T e ) ' r

- COns'deu’Mj the revige wa E or Neopreve
‘\.‘./._.\_\_‘,\/ “"‘—“\_—/\N
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SUBJECT: ArvaLNsis _wi AE ek Mpgosur: 10 oF 42

,\/\/W\——\_/\N\_/
(morc celable vobur o 4Py s us@
i e S e N ™ S S ok ey

Farw = (18.000)Cie) (1) 278)°

q
= 31,00 <L
Fo = 4M [rom (Pa 1% )

cC

M = 5'4/0/&/ ‘A-Pb, M pow+ Mss';

Fon= H(sw;cw) _ 1,100 £b
19.S :
Ft = T30 €
Fp = 23 €k (le )= 42z @b £ rom (Pa 28)

qu‘Fm~F-‘t' FF
510,800~ 11,100~ 730 - 432 =

19,840 >0 .. No Lem}(age



HOPPER AND ASSOCIATES HA-05/94-0819

ENCINEERS Revision ]
CALCULATION SHEEY
e KEsporvee 10 Comcer o 12 oatE M Ay a9 PAcE. Y7
SUBJECT: Arinivsis BY: AR e UbE- sur: 1l oF Yo
4.2 OvsTEM Y3lg- | 14" x m"ﬁ]

Borr - CHECK

The fovees /oroduc'mq tevsion on the
bolte are

Freo.r = Forp, * Fro = Frp

Fov tl/\é’ 4" xly” sjuore duct
Fr, = .023IM (PJ /8D
w heye

M - MC}W' MSEIS

= BT+ 631604170 = 63797 1n-€b
Fro, = 0231 {63,797) = 14733 @)
Frp = _Fx_ = 1020 . 4 &b

N, #bofts 17

Frp = 25860

Frag, +% 1473+ 91 +158 = 1822 &b

The tewslle stress on the eriticald boll
L%

Pt * Copmr 1822 16,570 < 20,000 ps.
ou
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SUBJECT: ANALYSIS ev: AR ey Mg snur:_/2 oF_yo

The sheas £1om tors.onal moment ch

shear forces s,

= . s
"V T S st
fF"“"
ﬁr“— . . .
o o N 3 ’
w 4
1] . { .
63
| . . - . 4‘.—
]l_ k)

Zs*= 8 (=Y + q(EES) zaq) v

((144+4p) (ELE2)

30 T éb

va=

Fyy= 23+373+185b = I6| &b
'z

Fvgoer = Fum* Fov = 16l +2 = 163 Cb

The stress,
Fv = is3 .  INBL /954‘ < /0,000 /730- O.u

L

Assuwhvm\_ a etﬂ(’m’ tems:ow CxV\A shoav

ot

untevacls O

£k
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me_ KesponsE 10 Conceen 12 pare May 9Y pace: 4y
SUBJECT: AnpLysis Bv:_ A F ok MEEsHT: 12 oF 4B

2320 + I4RLZ _0.997 < | o «.
20,000 10,000

FLANGE - CHECWK

For the '%x4" ducl wn styiem 4216-1,

tl/le (,OMFOWMCM CWIS& CAYVE n'MdP U\P Cf

L% x 1% "
STEFss
Stivesces {@w?ﬂes arise LYo

Lm'femag pressuve Qoadm\j c\(,ttnq
ovey tr\buﬁart> oveo ,

w £%/..,
My Mp

lse?{ Wet(di‘it
W - CvssPs,) (30" ) + .39 = 24,3 &b/,

Mp = wWiL®_ 243(w)" . 287 (. 2b
Iz iz

The stress (e,

sz.."_/‘_z_ﬂ+££.
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me_ EBesPOnse 10 ComweErnN 177 pate: IM AY G\ fonce: e | ]
W o
SUBJECT: ArRLYSIS BY: AR ek ME¥ sur. 1Y or 4a

thé/{’)

Z=.262 w?, seclion modulus por
2 ‘—l"‘iu”i!'/‘l"

A= 2((1.841.258 )s.28) = 1.395 cn®

Fb = 3%? + |[70.1 - 16‘10 P_S\ < 2'1‘900P$l
251 1+ 33
e Ou,

The stress on the {"pcn')je [ron tine

bofls s estumated bj assuniung

o distributed tens e 600‘&, 8

it = B

& |
. s
L—{

Nt = 4 # bolls talung tevs,on

L{- =A%, {‘u?@ Qemjtln of {Qamjc

w: R BZZﬂi- e HIS -Qb/(mclq
13



HA-05/94-0819
HOPPER AND ASSOCIAT!S Revision 1

CALCULATION SHEET
e Pesponse To Comncepm |2 onz:mAa: 4¢ '
\N‘W‘-"
SUBJECT: ArNALYSIS B:_A P ok:_jpk- sHT:_ IS oF 4o

The momenl per e h o’[ f@onje,
M= wh

h =.3"
(:\/"I—Z/g—-’;:/ 2 129 n-€b /unc,L,

SR A R AT N e '
The <lress (<

/g{, - r\/L_tJ (128 (.28
21 Z « (.258)°00
. R )ZJ

\.\W

Pf=@< 32,400 ps. .. O.uK.

DEFLECTON

Fov de{*@ecia\?uﬂ, C.Ov’lSGKVD\‘LLVPp:j LSS

the ends of the (‘@am@e av€ pwméc\,

Do ® LS LY I=.298uw" ror 2
SeYETI omaée seclons
Boiog * S launa)iy)! < .0018 inch

384 (29v0%)C.278)
The ollowaeble de{*Pecﬁon (s g per
footl of spav. Thus,
Dol = L "%) = 14b wch Y 0018w
o O




HA-05/94-0819
HOPPER AND ASSOCIATES i
e n s, Revision 1

CALCULATION SHEET ,
me_ [ ecponee To  Comncermn 12 pare: M av SV epace

47

sussecT:  AANALYSIS gv: A P ok ¥ sur

WELD - CHECuK

The {’é':n-wﬁe cmspea ofe b/o$€c~l to

S

the slheet nnetof b\:) 1" Lone bmg’e:

ol @ u’lL‘nei o Ler’lf@r.

AN AN AN
9

The Wé’éd (eo:,'ta()ﬂ {’O/LQ I‘Zw. LS

de‘t €Y v \:r'\édl ][‘(OW\
Rw . C}d{‘
= ,495% p.ul ) vl ervené ,’3/?‘2.‘../«»’(

20 ww_La, ‘tY\b\Atfxr’q‘ eey]‘-{,lq

™ Q.0

(9
b\S ovne weld

Rw = (795)(z20)d(8) = 191 &b

‘6 _OF 4o

= o) lV\LL'l) 'ePH(«{lf\ o(‘ A\Act te e
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HOPPER AND ASSOCIATES Revision 1
ENCINEERS - .
CALCULATION SHEET
TITLE fr f POMdEE 7 ;,_ N 6 N ‘ DATE ] . A PACE Iy .
f ’ f /7
SUBJECT A rvaLvs ev: A F o pMAK sur ¥ oF Yo
‘ AV 4L ¢ -~ \ ~ A 4 '-q L
4 |
i - B
v L 4 r
| 4 T a2 p Pl "
| AN A 4
l E ’, £ 4 ¥ T
vl 4 ¢ $7 ) J
i { J ,
i/} ¢




HA-5/94-0819

HOPPER AND ASSOCIATES
ENGINEERS Revision 1

CALCULATION SHEET .
TITLE: QEsPDNsE TO ComceEpm 12 oare:. A py S\ PACE: 49

SUBJECT: ArvALVsI S Bv:__AE o MEK sur:_ 1R oF 4o

Fon = F_TBO-,T & ﬂ{ ng = y , # bobi< fa‘nnﬁ teision

Fraor= 1821 2% £or 1wy’ ducl 1
sds‘&'m Y36~

FP . FTP K n{

Frp= 258 €b | gov 147 g dul;{

~

Now,
Foae =(18000502) 71 ( %/g)" = 23,860 €b
Yy
Frn = 1822 x4 = 72886 €b
’:F = 258k 12 = 308t &b
Fy = 1090 @b

Z2ELO- 288 - 3036 -(090 = 12386 > O

.o No feaﬂ(oge



HA-05/94-0819

HOPPER AND ASSOCIATES

:ncmmss Revision 1
CALCULATION SHEET

mu:_fssporvss T2 (ConcER N 12 oare: MAay S Y pace: S0

SUBJECT: ANALVSS BY: _A.E ox: pubf- SHT: 1O OF 40

4.3 SYSTEM _H216-6

43,1 /7.5"@

Ro.T - CHECW

The fofces Proc(uc«mj CensioNn . n the
bofts ove
Fraoor 5 Frem = Fry + Fre
For the 17.3"® duct,
Frow, = .04/ (PB 20)
w"‘\é’/f’,
M= Mpw+* Mggs

= 605+ 2750 = 10255 n-Pb

Fr, = Ex = H9S | 33 éb
N, # bebls s
Frp = 27 €b (Py 28

Fraor = -0141(10,258 )+ 33+27 = 206 Cb

The tens e 5tfess on the cetical

bofl LS,
Pt :_’_:_’_'_G_& = 2006 - 873 FSL < TAQIOOO /.754.
A bofl A

. o O



HA-05/94-08
HOPPER AND ASSOCIATES Reylsion-g819
CALCULATION SHEET
me_ Kesponse 0 CoNnceen 12 oare: My GY pace s
SUBJECT: AraLysis ov. AR ex_ MBI~ sur: 20 oF 4o

The shbeor .fmm tofstowap 'momem't

ond  shear forees s,

Fran® ZMy 2 ( 09 . p
nC 15 (19)
Fvy = 303»,302 = 4.4 €
Fveor = Fym* Fv, = H0.4 £
The =trecs,
Pv = 404 . 367 F:’" < 10,000 Ps«' .. Ok

<A

Recawuse s't.v’esses are =0 eowj " O neecj

to check \,m'te.fo\c_'t\o./; )

FLanGgE - CHEC i«

For the 17.5"¢ duct wn 5ds'tew1 H316- b,

the L_Db")’)'OOtVIIOVl o\msées ove MO\Ae wp

o U5 xla e

S TRESS

The stirvess due to pressuve (s determaied
{(On"),

P ~3E



HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET

TITLE CESPOMNSE LoNcERMNN |27 oarel/ !l

SUBJECT ' , BY




HOPPER AND ASSOCIATES he e
ENCINEERS

vision
CALCULATION SHEET
TITLE: EESPDNSE TY ComceERrN |7 oarm Mpay 2 Y  pace: 52
SUBJECT: PoNALYSIS Bv: A E ok gMd sHT 22 0F 4o

WELD - CHEC Kk

The Féange omg@es ove brasecl to
the sheet e tol b\:) &y émwj brc\aes

at @ wiclhhes on center.

The weld ,reaction Force Rw' wans
FO\J\/\A to be,

Rw= 382 @b (P 38

The aloweble (s obso tie savne
as berore
Ro =110 €b
Thus ,

Ew=2BZ €b< 1110 b .. Duk.



HA-05/94-0819
HOPPER AND ASSOCIAT
(s] A g ES Revision 1

CALCULATION SHEET
e KESPONSE 7O  (OomceRr 12 _oate [MAY SV page SV

SUBJECT: ANALYSIS gv: A2 cx: ME¥ sur 22 oF WO

FLANGE Learace - CHeECW

F@anﬂe Qeo.lxaje WPl occur vhen the

followwna eriteria 1< SQ‘LLS{ ed,
-
me i Fm — F—t ud F.F = O

wheve

Fraw = (18,000)C1s) T (*g)" _ 29221 Cb

H
Fmz H(10,355m-€b) _ 2180 €b
19 .
Ft = 485 €b
FF: Z27x 15 = Yps £}
Do,

29,82l- 2180-4985 - 408 = 26,749 Lb>D

i

.. No Pec \Kage



HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET

HA-05/94-0819 |
Revision 1 |

“4
me EeseomE 10 Corceery 12 OAE. M Ay O\ pace: Ss

SUBJECT: ArALYSIS X BY:_A. R

432 16°x 16 1]

PBoLT - CHECK

The forces Produumg tens
boftg ove
o

T ROLT - FT

m?t Foo = F

cK: A&& SHT: TY OF 49

10N OV the

TP

For the lbxlb' sguare duct,

Frp = . 0165M (P /8 )
uuht’ff’,
M — MOW" MSE!S
= EB+ IS+ (0870 - 14() = 11,083 v-¥€b
Ftm= 0165 (11,082) = 192 £b
FT ® __E.:—- - EZS =
i N, # bofle |6 3% €
Frp = 383 b (Pa 28)
Frapor = 182+ 33+2383 = 08 £b

The tens:& stv’ess = 'the CV\tLCM—é

boft (s,

. Fsor  _ Los
Pt A bolbtl a8 = 8500

/:)5:' < 29 OOOP.H‘
S Ol



HA-05/94-0819
HOPPER .A“?g:. .l.\.s‘socm:s Reyision 1

CALCULATION SHEET
nne [ EsPONSE 70 Comceppn 12 oare Mpy QY pace: 56

By: A E. ok jufai-  SHY: 25 oF 49

SUBJECT: ArnvpLysis

The sheor from torsonaf bemclmcj

Ay shear fForces s

D
FVM= ;M___bmch'
Zs*
T ; z
Zst = 12 (FF) 4 4 () 2 isa e

Fm= (203+210) (*422) | 5 24

15 B
Fuwy= &1+ 33+302 _ ze6 €b

/e
FVBOLT: Fum* Fvy = 5+26 = 31 @b
The ostvess on o bofl,

31
Pv= 97 % 282 psi < 10,000ps, 0.k
C\ao\m , swace tensibe and s hear
stresses ove very fow, there o 1o
need to checl witevoct on.




HOPPER AND ASSOCIATES HA-05/94-0819
ENCINEERS Revision 1

CALCULATION SHEET .
e [CESPONSE T0 ComcErn 12  pare Mpavy AY pacee S7

SUBJECT: A PLYSIS BY:

AR ex: MEL- sur: 76 o Yo

FeancE - CHECk

For the 16°x6" duel wn sss’tﬁ’m 43lb-b,

the wmloamnon omﬁées ave moade W p

0{ LI'/;!/%.: '/H".

STRESS

Stresses wn rré’o\mjes Qvice prom
tnternal pressure -eoc«d\mﬁ, octhj
over {tv. bu{ofﬁ area,

Me il e Mp

ra_— rp

16" J
-

) t(."?‘55)(30)* 199 = U eb/;hclq

Mp = wi* _ 24.3 (16)" _ 518 w-€b
Iz 1z
Fa= WL - |95 €b reaction promn e

e other _f?omje avﬁ?&

The <tress (s,

Pb= Mp + Fa
z A




HA-05/94-0819
HOPPER :“rga .A}.sssocu\m Reyision 1
CALCULATION SHEET

me_ LesponsE To Concepn 12 oare mm& 5
G, P
SUBJECT: ANALYSIS

2|

ev: AR ok MPY sur: 2 7 oF 44

where,
"Z =

262 wn® | section modubus
A =

1.335 wn"

be 5'9 - '35 - 2'30'95(<ZlJbOO/DSl
. 267 1.373

.

Ou

The stress on twe féamﬂe from the
bo(?‘Ls L5 cmecueo»\teA 7(*(0»’»’\J

W = FTBO}T «Nq
o
Nt = S5,# boftls ‘oakms tension

Ly = 19", pull @enj‘th or {‘Pam:je

W = 05«5 - 160 é’b/m,(,,
19 ]

The momeni pef wach o
M = wh = 0160 (.3)

The stress g

bonge

= 48 (n-€b /anL\

op = M, /48 (.28)
Pr .,?___f,c 1 7 C2s)ym

1z

gy
:(m< 22,400 ,DS\ 0 K.




HOPPER AND ASSOCIATES HA-05/94-0819
ENCINEERS Rey sion 1

CALCULATION SHEET

TITLE: EE.‘;PDNSE 70 COmcEgZN 17 oare: Mey SY pace: 58

AMNALYS (S BY: A K ox: MK sur. 2R oF 49

DEFLECTION

For der?ecizon) wnservaiweé’J O.sSsumme

the ends o[ the fecmae Gve Io‘.nnecj,

Baox = Swit?

284 E]
I = .27¢ LV\“) 7[~o{ y 3 o~v”n8€€ SPC.'LtOWS
Dox = &5 (2uz) (1) - .0026 wich

384 (2o 0*)(278)

et |

The ollouoble def&»cﬁton CE

Boll = g (%) e .16 tnch

I hus

/

D mnoy® 0026 tnch < . 1b tneh  ,% OW.

Ad

WELD - CHEC K

Os coleulated FMV‘OMSQ:S the
Cood O‘C{Wﬂ on the weld s beflouu
the ollowable,

EW: ’6'£b < Ro\-‘ ”/Oéb o.. Ol’f



HA-05/94-0819

HOPPER AND ASSOCIAT

OPPER e ES Revision 1
CALCULATION SHEET

TITLE: Et‘:‘sPDNsE T (ONceERN IZ oare: P Ay év PACE: &0
SUBJECT: AnaLysis oA E o M sur 28 o ya

FLANGE | EAwacE - CHEC L

f:eamae eeakaae WLéé occur thPVl
the (‘O?FOWW\SS c,mtema .5 so\thf‘aecL
an\b;‘r:m‘pt" FP :O

u_)\'w\(f,
2ol e
Fow = (1L8po0) (16)T (2) =) goe el
. -
Fna = FTGOLT‘ﬂ{: 605 .5 = 2025 @b
Fp = 283«16 = 6128 £b
o 0 6S £
Thuq/

31,808 - 2025 -612B-b2S

= 22030 >0 .. No PLeakcae



HA- ¥
HOPPER AND ASSOCIATES 05/94-0819
ENCINEERS

Revision 1
CALCULATION SHEET
TITLE: g,f'f,{‘,’?f:;;_‘ 7o COKEEDY [ oaie_ Ay © 1 PACGE: [
SUBJECT: AnALYSIS BY: A K o MY~ sHY: 20 0F 4O
4.4

OSYSTEM Y36 -7

4.4.] /6"@

Bocrt - CHECK

The forces Producmg tension on the
bofts Ove,

Frgor = Fro + Frr 4+ Frp
For the 18" @ duct,

From= . 0129M (PZ 20)

whwe)

M = f“’\ow t M'_‘.scs

]

SO0B+L+ 22104260 = 3094 v -Cb

Frm= 0129 (93074) = gu3 €b

FT‘T= F"‘- - L‘i}._'i = 90 €l
N, # boftls 16

Frp = 27 @b (Pg 28)

Frporr = Q43+ 90+ 27 = 1060 &)

The tensfe strese on the eritucal

boft (s,
Pt 3 _E-I_B_C’L.__'.. = !_Q_é_g = 96306 /3_',(‘< Z0,0L?OPS‘..
Aboft «

Ve O



PER AND ASSOCIATE - -
HOPPER . s HA-05/94-0819

Revision 1
CALCULATION SHEET

/
me _Pccconse T9 ComiceErzry 12 oate May 9y PAcE: (%2
SUBJECT: Ardavyss ev:__ A F_ cx: MK~ st 3y of 49

The shear f‘/‘Om tDrsanmé b?ndl/lj

ond ehear forces s,

Fyvm= TMy _ 2 (221+230) ~ 4 £b
nC Tole (19.8)

Fyys 28129+ 469
/G

Fvpor= H4+32= 237 €}

- 33 &b

The strese on boft,

pv = 37 _ 337 P < 10,000 ps, ', OU
Y

Because stresses ove Low, no need to

checlk wnteraction,

FLANGE - CHECK

For the (8"¢ duct n» 535‘&’%« “43le-b
the companion anjﬁes are made wup
O(‘ L4 « llii 1/6.'

STREsS

The stress on aw anaé’e due to prescure



HA-05/94-0819

HOPPER AND ASSO
e Bl CIATES Revision 1
CALCULATION SHEETY
7"W_—KELZM_._IQ—._.._CDH_£££H.__&__ Mn:@'m: 62 J.
sumapeY:_ Arvm,yy§ BY: A R cu:_uég' SHT: 32 OF 44

PH: .’?35’(2;—%—) - 58P5-' < 2, 500/9:‘.

S O
The stress on the fpa”(je from the
tevisife force on the bolt. (<
estinted from,

W = Fraoor,xN _ 1060 x1b _ 276.9 €b/in
iC - 7 (19.5)

The memenl ¢S,

M;\/\/h=\276.9(.3) = 83.1 n-€b [ ,
e e e ™ Pt e,

The strese per wnch or Tr&\nﬂe ¢S,

il

,—M'




e Rrspomise 1O CorcERN |2 oare: MAaYy A 1 PacE:

HA-05/94-0819

HOPPER AND ASSOCIATES
vt s, Revision 1

CALCULATION SHEET

b9

SUBJECY:

DEFLECTION

AripLysis BY: A F tx Mﬁt" SHT: 32 OF 42

Qs menf(onecJ pfewouséj,deféedwn

O[ rOu\ch secfaoms LS smc\ﬂ.

WELD - CHFECk

The feo“ﬁ‘-’ O\»'\SPP& o€ bra’secj to
the sheet metol b3 )" éons bmae:»
ol wntervels Of 2" on cef\'tff.

The wield reaction force Rt was
found to be,

Rw= 382 €b

The oll)woble (s oleo the some
os be,rore,

Re = 110 €b

Thus
Rw=382¢b<liofb .'. Ou



HA-05/94-0819
PPER AND A
HOPPER u:‘SOCIATES Revision 1

CALCULATION SHEET
me_ Kespornvee vo Comceern 12 OATE. Pjay G pace  bS

SUBJECT ArnAaLys)s B: A R ek MBI~ sur. 39 of ¥a

FLANGE LeAxpace - CrHeECHK

l-_(/amsc ieouoae will cocuv wuhen
t ke foP()owmeS cr«t-é’ma Ls sa{’,ts{‘.eclj

qu-FM—F'{,—FF'—‘O

whe/e,
Fovaie = Qe,oca)(wlﬂéB/eY - 3, 808 &b
Fro= 4(323074) _ 19, 9204€b
194.5
Ft = 14z £b
Fp = 23xlb = 422 £

2,680 - /4,230~ /428 -432 = /14958 >0

e DA



HOPPER AND ASSOCIATES HA-?S/N- ?819
ENCINEERS Revis

ion
CALCULATION SHEET _
e P rsponNsE TO COMNCERN |2  oatee Mpy G Y PACE: b6
SUBJECT: APMBALYSIS gy: AE ¢ Wﬂm 35 o 42
44.2 16«16 T8
Bor7T - (HEC K

The forees prod'u\umq tension on thhe
bofts arve, ”

Freour = Frm * Fre+ Frp
For the /Q,*/b“ .sc;uave dud.)
Fro, = .DI165M (P'B /8 )
le(P)
M = Mopw+ Msgis

= I180+20+ 67,700 = 67,800 w-&b
FTM
F

"

0165 (7,800) = 1120 €b
T'r:f_f___ = 837 _ 55 €
N, # bofis le
Frp= 282 £€b (P5 28)
Fraor= 12O+ 55+383 = 1558 £b

The tens e stresc on the criticad

bofl (<,
Pt = freeur . (558 . 14,164 ps,<20,000ps!
A bofl - 1

.o- Ow



HA-05/94-0819
PPER AND ASSOCIA
Hopp o TES Revision 1

CALCULATION SHEET X
"ﬂ.?u_.gﬁifi'ﬁii._ﬁ, Cor~ncEEN 12 oare: My vy & Y paGE: (S
SUBJECT: Arvarvses ev: AR e I sur: 36 oF ys

The shear f(\OM tOrng»’lCap benc‘\nj O«v’\d

s hear forees s

2

'r-'-Vm - __':’LSMw
2 5"
Z 5% = 1%2) vt L, &S wos C&PCqécqteA
eovrbier
: ) «17. 5
153
’:_sz 3%*68' - 48 fo

I &

F'VBOLT . HS*, = L/b eb
The <tlress on o boé’{)'
Pv = Hé . 420 psi <10,000ps. .. OK
. 1l

CV\ECL(H/Ij gw‘tev’ac{l()n

_’L!J..!_..bi -+ _‘!’.Z_o - . qS < ’ v .a O K
20,000 10,000




HOPPER AND ASSOCIATES HA-05/94-0819
ENGINEERS Revision 1

CALCULATION SHEET

mtl:._ﬁ&fﬂﬁjﬁ_ T0 Coriceen 12 DATE: N Ay 4 pace: &%

SUBJECT: AnALveic Bv: A R ok Mpd— sHr: 27 o 49

FLAMNGE - CHECK

For the 166" duct % 5v\s'Lem H2i6-7,
e
the com/pamon omSQes Care MO\Ae LJ\P

of L% xitg 119",

STEESS

o

The '-Jde\ah"{ Pe( me]n oc‘{_\wo\ on the

{‘@ongeg LS,
:sfpf wt

we= (795)(20)+.29 = 24.3Lb/uncl,

T he w’)oment; OV’!A tl/\e {‘Ofc{-’.‘. e,

Mp = WL* _ 24.3 (16)* _ 519 wn-€b
iz 2

Fes Wb = 243 (I8) _ a5 £}
2 7

The stresse 1s F0umcl fro.m,

b= Mp . Es
P e+ Fa



HOPPER AND ASSOCIATES %'05/ 94-?819
ENCINEERS

yision
CALCULATION SHEET m ,
2 S : M A Y/ PAGE: 69
me_ LE<podsE 0 CoNcER NS |2 un\/;v @ |
SUBJECT: A rALYSIS sBY:___A.P e M&k SMT:_2Q oF_ 49
uJ\’tMc)
2 * L2067 ¥
A = 12375 wach
Pb ®E 51D & 198 2120 < 21,600 ps,
262 1.375
i v K

The stress on the f?omﬁe from Lhe
bo@'ts LS &:a@Cuéo\tecL {‘ronn)
W = F_T BOLT % nt

& 3
Nt = 5, # bolls tokng tevsion

L{ = }‘3") [u@é’ ‘efmS'Uﬂ O/‘ féanje

W= 15585 _ 408/, |
12

The momenl per enc h of féom L
M= wh = . Wb /o, 0,

The stress LS,

” = Mt o
s a5

= 1,810 psi/<32 4oD o, .\ OW
P{" ! P J (D




HA-05/94-0819
PER AND ASSOCIATES
HopPPE ENCINEERS Revision 1

CALCULATION SHEET ;
me_[Ceseonse 10  CorceEen /2. oar: May 8Y pace: 70

SUBJECT: ArJAaLYLIc Bv: AR xS 22 oF 49

DEFLECTION

As wos cobleubloted govr otler
16"x 16" | the ollowe ble deféoctcqu

cr\'tena A rwe{ as showw on Pa L

/

AT L0026 < .’6‘-=A0“ MR e

WerLp - CHecwm

s co@cupateé P(?V/Ousé)j Own Pa ¥e, the
Lood octivia on the wefd s
below tlhe aﬂowab&’)

Rw = 19) €b < Ra = 1110 €L .*. Ou




HOPPER AND ASSOCIATES HA-05/94-0819
ENCINEERS Revision 1

CALCULATION SHEET
e Ke<ponse 70 Comnceen 12 oate: May S\ PAGE. 7

SUBJECT: A pLyer s Bv: _A.E_cx: s sur: 40 oF 49

FLaNnce LepxrGE- CHECK

F?owse eeako\ﬁe criterion S,

FMW'FM-F{'FIQ = U
where

Faawe= (8,000) (16) T (/)" _ 21,808 Pb
&

Fowi = Frgour»Ni= 1858 ,5 = 7790 @b

Fp = 2B2x/b = 129
Ft = 877 éb
"'r"\us)

31,808 - 7780~ ©I2B- 877

i & R - F- SR 5o R Y Eeabro‘je




HA-05/94-0819
HOPPER AND ASSOCIATES Revision 1

CALCULATION SHEET
e KE<ponsE TO (COMNCETr 12  DATE: Muy Oy  PACE: 72

SUBJECT: Arnvacysis oA R o |V sur:_ 9ok 4o

4.5 ANGLE TO ANGLE WELD - CHECH

In the fectamauvgof duc{.S, Lhe
ovxaee wovis mefLSLn:j the {‘Panﬁ€,

CAYE conme::ted s shouwn beéow)

o~ FILLET WELD

For LI xlX4xyg onﬁﬁes/ t he -Qeﬁ‘j'ih
of weld on each 693 LS

E~»i1%-"g 2 |X%

For C,Ov-‘;»efvat,sm) t can be assuwmed
thol mitnminm a@lorueble wield
thicknes. s %, as re commende d bj
AISC , section J2.2.b. for 24" thlness
O/‘ n’laieno\@ quneA.



HOPPER AND ASSOCIATES HA- 5(94-9819
ENGINEERS Revision

CALCULATION SHEET
e _Kesconse 10 Conceen /2. oate May o pace 73

SUBJECT: ArvaLys s Bv: A P cw: /AU sHr 4z oF yo

Cissu mmS Om{j one eej o the wedd
s égeczf(ve W resistuag beno)uns,
the @oo«ci\mj on weld can \b—)e deaéLBed =%3
foblous
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SUBJECT: ApriALvsis APPepAac i BY: AR ek M sur: 1l _oF (9
- SHEAR C
AT Y Xy A0 T Xy
’.CIY = v‘ G
It

- AXAL

Fx

Vx Vx

. Momfn‘t 0{ lner]‘.da {:0\/ Sec'lamn

= Pofur Monent or Inevtio

8

. |

Q@ = Moment or Area
A= Cros‘,-Sh{vcnug Oveen
t

* Thiuuness of cul section



HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET ;
me: Resporise 10 Comceern /2 pare: AMAavy S v PAGE: /B

SUBJECT: _Apacysis RAepepacH BY: AP cx_ R~ sur: /L oF !'®

3.,%7 Peressuee

ROAND

50U ARE
Squeve ducts ore LéeopaeJ s on
assembeé’?je o P&Ates foaded bj
oA um{‘o(rneé’s distribut-d pressuve.

\ E_

'FERE

ey

R

\IE :
ITTTJ
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SUBJECT: Ap/ALYs:s A PPrR oALH By:__ A B ok g SHT:_ I OF (B

T e een‘j{\/l to WLAth ratao 01[“
these Fﬁaies LS |

4 - M7
30
16 = .53
S0

From [ Qe[ 3, P8 4zzl | for Eenjih
to widih ‘ratio of <24, the
sobution s very (fose Lo thase
vbtawed for an Lm{‘(n&tt‘pj @onj
plote. Threrepore, the duct ponels
con be amaé’ﬂée(i as -?omj loéc.tc's
bent to o caemdncaé surfece.

STCIP TO BF
ANALYRED
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SUBJECT: ArdALYSIS Arcpe oACH ey:_ AP o MR~ sHr: 4 oF %

The stresses w the Ioome{g consist
o two wmponen‘f,s; bewdmj

and membrone. The \nféuemce or
eoch depends on e boundo»’j
condition, The total stress ur the
pomeﬁj L€ bem:\\ms plus menibrove,
(s maum(&'ezi when meeé boumAavB
\s assumed. Howevey, o .SLW)FQ:S
supportecl bowwdm”j Wi €€ produce the
€araest membrone stresses alove.
Becouse stresses wn the bv’&se c/e,xncl
owé"j o membrone stresses, o
sLmPé’j 5uFFoft€A bounéavt} wr €8

pméuce the viost wonservative reswét.

Froma El?e[ . EEp Pa 4807 , the membrane

stress s determmed os shown,

+¢
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SUBJECT:

AnALYsIs APPROACH gy: A2 ck:

M sHT:_ IS oF 1%

whe /e,

%

ALl

"

29%10 o PSl'

™~ m O
"

Thu\s/

.y
((795)( 16 D = 344
(29¢0* ) (.0478)

( 765 ) (iu)" « LODR
Czavio* S (.o478)"

Fromm 1he tabP-e)

U =17.5 E4"
b‘L

Vu = 10.9% E LY
bl—

Vor = 17.5 (25,«10")(.04?8)1' o
6 *

z
Vo, = 10.%8 (29v10*X.0478) _

4%

155 Psu'/ VIOX AT PrESSUre

lb" or 14", duoct widih

T .ow?B", pampp the kiecs (Cmse 18)

(16" )

(197

(16" )
(14" )
430 ps/ (16")

3685 psi (4")
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SUBJECT: = ArYALYSIS

Aprre oAl BY:  A.E.cx: (¥ sHY:_ /b oF 4P

3.4 EvaAaruaron ConpiTions Anp CeiTeEeiA

3.4.) AcpLicante CobeEs AmMD STANDARDS

AIS| - Cold Formed Steef D95|3W frzef s J
Monual

Aws - Structural wWelding Code - [Ref ¢
Stee€ , D1i, 1882
Sheel Metod We &ding Code LRep 7]
Da.1, 1990.

ANS)/ASN)E N504a~ B0 fEe{ &)

342 PrazZE STeENGTH (CRITERIA

In pro\ud«wS the fe?w-f‘ernen)!_s for tu bular

——

6{ru«c{,w’es, the structurol s‘js'{.ems most

swmibar to duc'Ls/ the Aws cCode s,?enfves

the {‘OWOWW‘IS,
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SUBJECT: A~vacysis AeeeoAac H BY:_ A E ok ¥ sur_ /B oF /€

The wnclusions drown wa Als (.ommm'tnrj
ore bosed on welded rother thon

bfaaed connections . However, a tj'ou.aé’ code
Cike the AsmE, BEPV Code, section [X

LPc{' g, P3 1821, specypies that ror e
braécci wnredion to be wnsidered
acce/;to\b?e, the bose metal should

bralke |, be,core the bmae_ This acceP‘lamce
critena e (dentical to that for

o weldd, Thus the AISI concfusions

o ppear aﬁp@co\b?e for o bmg-ecj

LONN€ CtLOW.

The ollowoble siresses on the base
metal are aovpmed bj ANS!I NSO09- 1980,
DomS. 5.10.2.3 , whueh specifies o
mMoximuwn  slress or 0.9 or \ye?d s‘(;ress
for coribuwed @oods which wiclude the
t he SaFe Shutdown Eo\f{hciuake) ond

0.6 7* \3\6’[4 f‘of nmma@ P@aw{. OF'Pv’o\tcons.
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SUBJECT: .0 A AL ye s BY:

AR ek Mp¥—sur: | _oF /8

4.1 DenpweicHT AnND Seismic Loaping

The bPV\ALMS momentls c.n:,unS from
deodwetﬁh{ and sewmic ewduvzﬁ)
cntroduce Qowﬁxtudmaé stresses

on the ducts. For (ecfamauéar ducts,
these stresses owve assumied octan on

the corners o[ the duct 0m03)

2
v B

The wrers oave ﬂem’é\.\ U\V\C‘P/ A Pun’f
J
O presscve ond tensi&e stress £ rom

benclms. Sumlarlu the some o true
fov t he mv\wc) du\}

The"Pforc the

bmbe ts under dwect tension or LONre S5100
from the bev\el\ws moments. O{‘ cour e,
for oxeal Qoo\A.nS the bmae (s again

Lan der pute tenzon oc wompression.
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SUBJECT:

ArvaLysis _BY:_A P ok [y sur: T oF

£9

For tension or WONIPI€SsI0n pamﬂﬁeé
to ows o the weld, os (s the case
A €om8\tudmaé seoms , the AWS (Code
states ,

" Groove anA(‘ié&i wedds [Joaméieé to
the Fonjxfudmaé oxXts of tension or
wwipression’ members exce,oi W
connection ateas , are not wrsidered
0% {mns{*emms stress and hence me
talke the some stress as that w the
bose metal, resafc)&ss op the electrode
(p@éer metal ) céass\f\cat«Om.‘"

[l?e[ b P?) lol  Note 3]

Becouse the base metal wos cl/\eclrfecl)
For the oabove described Qoo«dmj or

two bemclms moments and oxad force,

v HA-0s/8a- cee [ ?e{ 2], the
determwned stresses wi0 wot be recoleuloated
wa tlhus IDocL«:‘ €.
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SUBJECT:  AMNALYSLIS BY:__A R_ex_ MpY st D oF 49

The remowne mfs )('o(ces thai do e{-{er/t
the bfase Gré ) tOfSLOﬂGQ mMorvien t)
the sheafmeS forces w the two

d\(ecﬂons omA \mte(nap Ffes.w\/e.

TOesSIONAL MOMENT

The shear stress due to torsion s

dete.rmtnec.l. Flfom)

- EounD
T= M_‘L_g Mt > Myges + M'bvv
3
R= 8" or 8.‘45", fodius o{~ fOuu/\Ol duct
I =21 = z(7Wr*)

Te =2 (T (aYovzg)) = 218 i ( 8")

Jgaes 2 (7 (878)>(oy78)) = 201 (vt (875"
£s

Therefore

X =_8 Mt = .04l Mi ( 18¢ )
219

X = BISME . .0u3zpM{ (17.5°0)
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The MoK Ly A .shearani s‘b’ess due

to torsion LS,

DW(T Si2E EYSTEN Mt T o
18" ¢ 2@48- 3 5980 - b 126 ps
17.5 ¢ 4316~ b 0 © psi

A

'

-
-

O

c = @ or 7", “\0\0{‘ the ducl width
J= 4yart ) s =/Der\ meter o,/ du:i

B

Jg = 4 (1px/6) (L0478) . 185.8 wnY

H xlb
J3v = HUiaum) (o478) _ 1211
HxlYy
Therepore,
T =8 My - ,0u0% M (tox1b")
145. ¢
Wios ML LOSSH M (14'%r4™)
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SUBJECT A NALYSIS BY: A ¥ "sur: £ o 12

i fOrLvVigy B LIre€se oM
-+ )
- Q . L J LA LA ? {LV' Y A €
- " "
1 p ] -
i 7 . £ ] h 4 Y

y - A o, S EEE .k S - LS ! F—. X

e S —
J [ " v -
! ¥ M AL ¢ [ & ¥ 4 .
¢ C J e - <51
F
P ’
L H401¢ BY wn-€0 1O pe
!
. " IR R ——_p— e A S -
MER K N f L E ¢
v
£ < ! ¥ L \ LIt > LA € k‘, E QY \WILY
<4 .
4 4 14 . & ri Fig 1 ?’ y U
, .
. v (™ 4
+
J L
v ~Y ¢
\/ \
J \ g + Y D w + v &€ - \ \
v "
v .
. r A N
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SUBJECT: Ararvers gv: AR ok (Wil sur:_b_oF sa
Q = A:’j
R rder
£ ﬁ‘_ j
A=TIRt
3 = Yy E.’— E?
27 RY-pl
DwucT < fe" t A Gn) SIM) R (")
18" ¢ g 8.52° ov7g" 1351  5.714 932

7.5 ¢ B7s" 8.702° .07 1.BIY4 5556 7.3

The maxwniam shear stress on the

round duct due to shear {‘orces/

| Dwucr size SYSTEM V

18" ¢ 43l6-7 3084 @b 2276 ps,

7.5 ¢ Yilb -6 c0s fb Hbops.'
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SUBJECT: ArAaLysis ey: AP ex: Mp¥Bur: 7 o Jo
- SQUARE
t =.0478
I = 129, M (nY (Ib..\t/b“)
= Bb.b (19%14")
Q = A7
76" | 19" |
e 1 + “l i.*
Lﬁ»@.mm{z 5

A=(b,.0976) +2(.5).ou78) A= (14x.0978)e 2 (-5 Xoy?8)

r L, Bl2e wnt = L, "7 Lt
5 = 8" Gonservalve ) 8 = 7"
Q.= 6.5 n* Q. 5.0 w’
The maxivmum sheor s‘b’w (s
DUCT sizEe SYSTEM V Crox
o x /b" 4316-7 2476 Ph 1304 psi
14" 1y Y3le- 1232 €b 72 ps
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4,2 Pressure

Neaatwe Pressuve e:;o\c!uﬁ u/l'ﬂfoduces
compresswe stresses v o round duct
ond tensile stresses ony the /Do-neﬂ.s or
1 he 5ctuafe du(‘ﬁ.

ROunD
For the round ducl the streccecs
v tihe hOOP du’f(t!OV) "L 4 C(etf‘r’mu/'éc‘

FfOtM'

wihere,
% = (735 FSQ.
R= 9 or 875"

t = ,ousg”

2o,
Vo, =_735(3) _ s0 psi (18" @)
.04Y78
Vo = . 795 (8.75) -~ 146 ,ps( (07.5"(25)

.0478
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SUBJECT: A NALYSIS gy: AP ex: MW sur: 9 or 1o

SQUARE

The tensile mem bane stresses on
the 5 uove ducts were determused
£ rom Pa 2l ,to be

Um = 4530 ps. (1ex/t")

Vo, = D688 ps . ( 1% % 19")

ITn oddition, the pressure wntroduces

shear forces on the Pome/s/

w/
w/l wl
% - <

Vp = .25 (1) - 6.4 €b (16'x/b)
&

Vp = ,745 (14) - 5.6 €b (14 4")
2
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SUBJECT:  ANALYS!S ov: A2 cx (MPF sur 10 of ya

The sheor .stfess LS de{,E(mxneJ {’Y‘OM
gz B

S -
where

A = |x. 0478 = 0478 (n"

aléo O{ s‘tnfo

2

/tF = i(_@_&) = T0) Psll (16 x16")

176 /7.5( ( 1uxiy")
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SUBJECT:

ArvALYSIS

BY: AR ok [JpW swr gl ok /@

4.

BEnpze - CHeCK

As discussed ,ofewowséxﬁ thie stresses
on the broze ave due to torsional

momeal  and shear porces cntroduced bj
Seismic ond Deadwe&ghi Qooc‘\ﬂj, ond
also due to witevnal neaatwe pressure.
COM!’)wnv\i:3 okl these stresses woe Set
tolal stress

b/05c. T3 Se'{, the stress o tlie bmge,

the on the wmiatercaf ot the

thhe stress o the rmoterad s rwué’t\l:)‘e!ecl
b3 V. to eccound For e_/:[eciu/e throal

on the bméc. The wmbmecj stresses ove
shown bcﬁow,
DUCT SIZE SYSTEM * MATERIAL BeAZE
~ v s v
(ps.) (ps:)
18" ¢ Y36 -3 2502 ISO | 3538 12
17.8" ¢ 4316 -6 Yo 0 Y6 650 207
1Ex/b 4316 -7 1527 4s30 | 2160 | 6407
14 14" Y36~ 1 1258 285 | 1921 5212

'com‘t/&bu‘bv'»j s‘f/e;ses from d\#eren‘{. s:jsiﬂms are adc{ed
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SUBJECTY:

TITLE: ) pate: [\ py SYv pace:

27

A aLysis

ey: AP o fJhlem sur: (% op 10

The tt’ns:-f’e c;.mA 51’\60.;/(1/1 ,5‘t/fsses ove

oonservo\.tweéj odded and  then wmpwecj
to the olloviobles, That

(« +7‘3M” < Fua - l‘/,WOOPs{

LS,

(7 Joenze < Fp = 'S, 000 ps,

2502+ 150 = 2652 < /H,‘mof:s(

0.«
3539 + 212 = 3?5/ < 15,000 P O.u«
17.5"
HoD + 146 = 0b < /‘/,VGOPS-' O k.
€50 +207+ 857 < 1S,000ps, O.u
e xlb
152% + 4530 = 60S? < 14,400 ps.  O.u,
260 + 6407 = B567 < 1S, 000 psi O.k.
14 % 14"

1]

1258+ 3685 = 5043 < 4,900 ps, O

1921 = S212

i

7133 < 15,000 psi Ou



IMAGE EVALUATION
TEST TARGET (MT-3)




IMAGE EVALUATION
TEST TARGET (MT-3)
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44 Aie TigHTNESS

As wos shown w previons Section 4.2
the slressec on the broaeLJ Jo\ni

cn the buf.‘tsbu.’slﬂ Lock” end “AcCME

Loc be” eovB\tudmaé seoms oare well

below the Code ollowrbles, In c«clcﬂ('tcon,
to wisuve o tajlf\tmess, the &»zwﬂxiudmaé
seams are sealed wilh G.£. S84 wne

#1200.

Fromm the o bove discussion 1 can be
C,Oncpuded tl/\at the ow t\ﬂb\tﬂesd‘ 01[‘
t he eonS\tMALV\Ag Seoins t-»\lt‘eé\ b€

f)ro’)er 63 Mo vatamecl.
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SUBJECT: 40 AwANLIS

BY:_LLV oK Mg sHr: 5 oF 3

15 FATIGUE (onsiDECATIONS

FATIGLE EVAWATIONS ACE NOT VALY (EnNS DERFZ Foe

EEEMIL ANALYSES. THE OnLY OTHER FRTIGuE (ONSIDERA TION

I35 TWE STWETUP/SHuTDOWN CNUES OF ADIALLINT FnS

WHICH CAUSE  INTER WAL  PRESSUEE. THESE CYLEL ARE

PrerT ©OF THE OftCATIONAL  (OFDS,

™  FENS AR STRETED  AGWT TWicE MomTHLY [ 2]
S TRIE AEE TWD  STRET UP [SHuTDOwe  CYULES PR MownTd

o N B THE LifeETimE BXPETED sTRET P

Ne= 2 CYeldsS PR MONTH x 12 MonTHS X 40 Yires

= L0 cvers

N, « Ixi0® cveies

NOEMALLY, FATIGUE IS (ONSIPERED WHEW N, > 0¥, Fok

Ny « DY ( Low CVCLE FANIGUE 2 LCF) Fansue = A cooceend

WHeN  STRLCSeS  EXcexd  YieLD. Fok NokiAL Ofee 4,

INCLUDING THE FPANS DPERATION, THE STRLSES ON THE DWTING

FCE Zuion) wiziy, AnD TYiCE rpef TME  FRel (YCLES will

NOT  AchcT THI Disidrd OR LoNGEv =y OF THE LicmWl,

THIS el BE POV STPAM L 0 TME noxT FRLO PAseS,
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v
# - ’ - rt ¢
NA ™ s = S Ko AC M i 5
p— p—
& - Oy = LA~
- G - — -
4
Laand - <
. o = b S¢=2.f <
C
— -
. -
- -~
e < - ""'-(./ s e
— - - /;,'.é‘, L,,/
»
-
FEot File ~ X L1323 APArwDIX T. Flis =9
' - ~ - ” -~ - ¢ -~ R
- “e v - - THE MWATERIAL STRs Cll - 5 8 ' dal P
. ” - - - - - o~ s -
AS POR. THE BAAZE THE STrucTurA, OLE AN AUS Dil- 8
X < NDT L e N < o™ - FATIEUL, = I(s d & :;
- . - A - . )~ -l » - -
& . - -~ %  FAT & OF PEL VI FE J N WILD BE SimiAL,
» L -t £ < T & — - - -
P OB e M) A € STE & 2 Mg CAry TL
& -— o & — C - -~ - < - ’
e L & = ¢ £ C,A ¢ S e > S ® 54 el
e - E 1 5
. -t S - . . i - WD A - - ’
L ™~ -~ - » -
” 4 T e oy r '
- —
- ’” 5 » - v « Mm”a
AL C “TIRIALS CL Y -t~ . wH ik -
PenmICArL TD  AwS ALk
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SUBJECT: 4D AwANiig BY: LV o MAE— sur: /7 oF /%
198¢ Edition APPENDIX | g 190
%
- +
1
7
/
!l
o 49
% -
=
: :
1
, i
® §§!
s E;ig
f : !!
3 gg 4
bl
M E]
H
P &Ei
/] 5
g
2 I
’ e
7 i
/ E5E
/ eégs
]
I’ : 11l
® % % e
"y U5 0 onmp,

Fi. d.5.0 TaneoE C0R1E (13, AReouDIX T, Fib T-9.17
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STReLs ooy T € PIPE WM LonomutinAe Sohen ([, T 0A3)
(Simiae 0 DTS, For Dermed STATION ONLY)

100

:

1 - TOtal strain range, pin./in.

0

-

« 200
5

P—

b 100
2 po -

1 1

104 10* 108 L [ 10*

Cycles of load, N

Allowable fatigue stress and strain ranges for stress categories
redundant structures in atmospheric service

Fis 4.5.2 Cé Fic 10.7.497
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EEA Sle GWES Mut MANANIGFL ProPerTN  RiQuiRc MEWTD
ok ECus., THE MINIMOM TEWRSIWE CTewne™ 9 S0 kS|,
Al ADD imomAL ReFeREwdE LI1Y, Pe 22,367 GWes A

FArisuE  STRemGTH FoR LSl (Siiw. RrenzE )

Ar RoOM TemPrtATLURE |

Se * (G KST R 200 kD% W iEES

FER N_ < 1000, nD RebDucTioN nd T™E BEAZE

MATER AL STEETGTH 1S EXPELTED,
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me_Response 10 (Ornceen~ 13 oare: MAy Ay pAcE: 44
5.0 (COmncLASIONS ov:_ AR ok (MEL- swr:_ ! o !

ComMcLWUsSIONS

In response to oo ws.~NEe.Cc. Doclkel
50-341, the structurel Lntejfttj)
our ttah‘tmess and Fatmaue stremStM
of the &Jmsdudunaé ”th‘tsbmfah Lock”
end " ACME Lock”™ seowns of duct
:nsstems TBYE-3, Y31k-1, Y36- b cind

H3i6-7 wos wavest tja‘tecl.

It wos found that the bro\z)ecl Jownts

op the @onsmtuémoe seons meetl the
allowo ble stress reavmrements op tine
ofla@\cob@e Codes. Aur tLSL\tmess LS
ex,aec‘tecl to be mountowed because o
the presevice o S\licone sealontl, G Pso,
based on the ex,oectec; number op €Ooé\w3
c‘jc@es on the ducfmﬂ sjstcms, fattauc
e\Tpe or the €om3L tudnal seams s nol
cxPec‘LeA to be uovaronfuseA
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1l _Progrem STaTeEmMENT

On March 3,894 , the w.s.NR.C submitted
Dockel No 50-34i to Detrot Edison Compc.mﬁ.
Thee Docket consists o o re?uest por oddtionad
Lﬂf’wmo«tlof\ on Fermi 2 CCHVYAC ej_stem des:jw and
cpe-"a'f.(om. In partccular, there ove severaé
LONCerNs rcswdmj the structuved mtcgf\f_j
coleulalions, HA-05/83- 686 and HA-

04/8s - CE-1 Fer{ormed b:B Hopper g Associo tes.

This /Dacémje Ls /Dre/oafeJ L ovder to
fesPomd to one O/‘ the wmments posec]
bj the NRC rejo(dmj HA-D3/83-686. Nomely

“The existing internal loads due to selsmic loading were
amplified by the product of the ratio of the SSE ZPAto*
the OBE ZPA and the ratio of the peak response accelera-
tion to the ZPA, presumably of the SSE. The damping
used for this calculation was not specified. However,
there are two horizontal and one vertical component for
each earthquake, and these are also dependent on the
evaluation within the buliding. It Is unclear how these
directional components were actually applied In these
calculations.
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LZ INVESTIGAT.ON A PPROACH

The P/Oceduve used wn ob'Laan)j 1Lhe

Coo J T/‘az,forsl Lm,m?emen‘ted tlnnou:jhob«t
the bOuWALﬂj cmagjses op HA-O%/Bﬁ—é»Sb)
wWill be documented. The O\FFmacla
Calkenn w C«vllcnjjg\mcj eoac h s:ystem

wi €l then be .summam_aec‘ w4 he ,f'brm

o tobées.
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supsec:_ 2.0 ArpLysis RApPpeoAcH sy A P.ox ME— sur: | of ZE

2

ExisTinGg AnaLYsIS

Cn onapjs\s or the dudmg sjstems wos
pefformed b3 Féuor = Pioneer [Ee[ (1, The
resulls o these omo&jses are documented

Lt Lonm o[ de?sxan /epor’ts. wth an
e%ceP't(on o[ Duct Sbs‘tem z8s0-2, the
:;{/\Ac,{ume evabuation work wn HA-Oﬁ/%* €236
vs bosed Lpon date. contaved wa these
dQSLSf\ reports.

2.2 ASSUMPTIONS

The oma?sses Performed bj Féuor - Piovieer,
and documented wn the destsn ceportls | were
bosed Uupon the FOQPO\UMS stumlatmsj
. O/ ho\nﬁers ond anchors supportcnj the
Ductwork ave F\SLcl.
z. Most o the ducLuAj Sjbtems weve
consideved qu\cJ ( notuved F(ec;uewcs >33H8)

‘There{*ore) o s‘f.af‘c, owal S\S  wWoes

Pef{Or mec}.
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3, In some coses , the natumd frequencees
o the duc‘f.mg 5\35‘&:»%5 were foumd to
be < 33 Hg. For these &35‘&”!5, o dsnamm
oma?bsns waoas ,oer’rafmeJ QFFQ:SMj SeIsMLC
r‘esPonse bFec{fo\ s @Oad anut.
4 The seismc cmo@\sjses por old duciAVB
5«jstem5- were bosed upon the Operoctuin
RBosis Eo\ft."\(iuo«ke (OBE).
e

No uf\temo«@ Fffssu(e @oo«és weye (JOV‘SICLE((’A
w the aﬂaéd.ses.

2.2 Lomap FacTORS

T he QMPEL{"\CQ_)tLO” {o\c'tors used w the
HA-09/Bs- o6 analyses are derwed as £ 0llous,

S = SSE _ZPA
ORE 2PA
D= 5% PeEpK PLCELEERTION

SeE ePa
The voafues used wr-’fsponcl to 29 dompw:j
Respovise Spec‘tfa. The Spec"u'o\ ore wieluded
as Rju{es 2.3.1 th/oua\/\ 2.3.12. The SSE
(s from [27 21 ond OBE s Lo [29,/' 37,
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AnNKLYSIS APPROACH ey:

AR ex:_tx-  sHY:_ 3 oF A

'T'hu.s) [o( S5o0b 3 (E.. bH'.5\>

5,4—_5 » .Lé.?.. = 7-"39
b
Se-w = 243 _ 2.739
155
E)v;z-r = 292 = 7-'85
A8
and,
DN—S * 3"" - 8 5
8
De-w = 21 = m.2
43
'D\/EZT = %l = 79
52
Loap FatTor= S s D
L.F.N-$'= 2.3 «x .9 =
L—.F. €-N & quK '}‘L =
L.Frfe-lT - 7-‘83! '7'3 -

For 5‘“"‘P&Cltj, o Looa

Wo s usécl W odl thiee

AN
1.9

2.8

Fac'LOf 0{‘ __é__z_

dwections.
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SUBJECT: ANALves  ApProaC H sy:___A B cx__ gy s 4 or 2 S

Foe S%b 5  (E.. 484.5" )

5,..._5 ol -4 AW '.’Lj Ls useJ n
.7
ofl dwections to
%E*w - .54 = Z7.73
. 2" maw\{a\n L,Ows«s'tanf/
Sveg-r = .52 = 2.b with Féuor- Pioneer
%
colcufolions
c«nci)
Dn-s = _4.l = B.4
TS
Deg.w = 4.0 = 3.4
4
Dveer® 4.l e 39
52

The Lood Fo:c/"tof (e ‘ti"neref()ff

LF nes = 245 8.4 = 20.06
L.F.e-w = 2.7Tx 3.4 = 2o.0
L-F VERT = 2b"'1~3 # 20.5

O\Sﬁu\ fO( s\mp&c.'tj , O LOO\A po'\thf
0_[’ Z0 was USPA ol thres d\(fL{lOﬂS.

Note: Vertical .sf*?(ifo\ ove por ?eactaf Bde\mj om?:/
Verlicof speuf/& for Quméxovj BEdj (X4 5«3.4.{:(,0.1{23

Couser. Thus, verlico® diection s wnservelive,
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HOPPER AND ASSOCIATES
ENGINEERS

CALCULATION SHEET

TITLE: Rfsporw;f To  Comceprvy |4 DATE: Mg Y PAGE: 12

ANALYSIS  PAPPROKH BY:__A.R.CK_mbl- SHT:__[70F 25

I'n some coses, where the 5jstem
Was deemed r:atd, (Lt was necessary
to rewove some wonservalismr. In
these situatiouvs OV\(J the S {*ocic-»’
wos useé os t["e mb\‘{tlpécﬁ’.

5 = ©SF 2FPA
OBE zPA

5‘:}5&»’\’\ ZGSO'—Z was o.mapj’aeol \vw&epemclen'tej
\ASLﬂj deto fed c.omputer amu@:jsu:-

The PrOcedun’e token wn ano?ssmj eac h
535‘tem LS suMMQnAéeol w Tables 2. |
avne 2.72.

The onogjs:s pmceclufe ae Gs {‘oéﬂow:,

I. Stresses based on Fluor -P.ocweer output
mu?&p@ed bj fac‘f,or of S« D,

2. Stlresses bosed on Fuor - poovieer output
muétgp&ed b:S fcxc{or S. This s
vald 0.403 por f\gla Sjs'tems.

3. Sliesces determuned grom oom/,;u‘ter
AN ,Dé’rformecl bj Hopper ﬂ‘ Assoc ates.



HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET
e ReE<pPonseE T0 CONCERN 4 oare: V] AL 9 v pacE: 20

SUBJECT: ANALYSIS  APPROAC H BY: A E. cx: e SHT: /B oF 2 5

SYSTEM RECTANGULAR ANALYSIS
NO. DUCT SIZE PROCEDURE
(INCHxINCH)

-

2848-1 14X14

2B48-1-1A 16X20
24X20
32X2C
20X16
16X43
16X66

e )

2848-1-1B 12X7
18X7
24X7
36X7
48X7
7X24
8157
8X66
8X36

-t B A o o d

2848-1-1C 16X9
24X9
32X9
8X41
8X66

- e e ek s

2848-1-2A 32X40
. 4BX40
64X40
32X32
24X49
24X66
24X32

e TR S R

2848-1-28B 21X40
21X51
21X80 1

-

TABLE 2.1 SUMMARY TABLE, RECTANGULAR DUCT
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HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET ,
e L EsPONSE To  (ONCERN /4 oare Mag Oy PAGE: 22z

SUBJECT: A rvpLYSIS A PPRORCH BY: A E. ¢k M- sHr: 200F 25

2849-3 78X34
(CONT'D) 32X30
50X20
22X12

-t ok wh s

2849-4 12X6

~8

2848-5 74X30
124X48

-l

2849-6 10X10

—

2849-9 74X30
) 124X76
72X30
52X44

-l i ek .

2850-1 24X18
24X14
24X8
34X20
28X14
20X18
20X14
16X14
14X10
14X8
12X12
10X8

et I I I I I I

2850-2 40X32
40X26
34X26
34X20
. 26X10
16X10
14X10
14X8
10X8
10X6
26X16

LLwLwLLwLwLwwWwW

TABLE 2.1 [CONT'D)
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ENCINEERS

CALCULATION SHEET "
TITLE: égsggrgse TQ CONCERN /Y pATE: MALR 54 pace: T3

SUBJECT: ANnsLvsi < ArprOAL H By: AR e mp— sur: 2| oF L &
2850-2 16X14 3
(CONT'D) 14X14 3

8X8 3

2850-3 60X26 1

40X40 1

2850-4 20X16 1

16X12 1

16X9 1

12X12 1

12X10 1

10%8 1

BX8 1

2850-5 16X9 2

14X6 2

12X6 1

10X6 1

2850-6 14X6 2

12X7 2

12X6 2

10X6 1

2850-7 36X30 1

40X20 1

2850-8 12X8 1

2850-8 40X20 1

. 40X21 1
10X6

2850-10 10X86 1

2853-1 40X20 1

32X20 1

26X20 1

20X20 1

20X%12 1

24X18 1

TABLE 2.1 (CONT'D)



HOPPER AND ASSOCIATES
ENGINEERS

CALCULATION SHEET ‘
e LEsPONSE T ComicERn /Y pare: pMAR G Y pace: Ty
SUBJECT: A NALYSIS APPPOACH BY:___ AR ok phE- SHT: 22 OF 25

2853-2 36X30 1
32X30 1

2853-3 40X40
38X38
38X32
38x%28
38X20
32X20
22X20
20X12

R e ey

2854-1 36X30
' 36X10
34X%22
32X%20
26X20
24X16
20X10
20X6

e TR Y

2854-2 36X10
34X22
34X20
30X%24
30Xx12
26X20
20X12
20X8

N e ot N - (D e s

2854-3 38x28
38X30
36X30
36X18
48X14
36x12
28X16

-l o i R o

2854-4 36X12
24X20
24X16
24X8

- AN e

TABLE 2.1 (CONT'D)



HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET )
we. Eesponse 70 (oNceN 14 oate: NMAg v pace: 1S

SUBJECT: AnNALYSIS A PPROALH eY:__ A F kgt sur:_ 230F 25
4126-1 48X48 1
4316-2 19X18 1
4316-3 10X10 1

ANALYSIS PROCEDURE

(1) Stresses based on Fluor-Pioneer output multiplied by
factor of SxD.

(2) Stresses based on Fluor-Pioneer output multiplied by
factor S. This is valid only for rigid systems.

(3) Stresses determined from computer run performed by
Hopper & Associates.

SSE ZPA
OBE ZPA

PEAK SPECTRAL ACCELERATION
ZPA ACCELERATION

TABLE 2.1 (CONT'D)
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ENCINEERS

CALCULATION SHEET
me Eesponce 1o ConceeN 1Y pare: MAR 94 pace: 26

SUBJECT: _ PCIALYSIS A PPEDALH B A.E._ cx_gwf"sur: 724 oF 25
SYSTEM CIRCULAR ANALYSIS
NO. DUCT DIAMETER PROCEDURE
(INCHES)
2268-2A 15.28

24 1
2268-2B 12 1
16 1
2268-2C 15.28 1
24 1
2268-2D 12 1
16 1
2268-3A 28 1
8 1
2268-3B 12 1
16 1
8 1
2268-3C 11.28 1
8 1
2268-3D 12 1
16 1
8 1
. 2268-4A 11.282 1
B.625 1
2268-4B 11.282 1
8.625 1
2848-4A 13.625 1
2848-4B 13.625 1
2849-4 10 1

TABLE 2.2 SUMMARY TABLE, CIRCULAR DUCT
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HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET
e FESPONSE 1o (ONLERN

4

MpR S Y pace: 27

SUBJECT:

DATE:

ArnALYsis  ApPPEOALH ev:__ AP ok gmdd# SaT 250F 25
2849-5 46.75 1
2849-6 10 1
2849-7 10 1

9.625 1

2849-8 10 1
9.625 1

2849-9 46.75 1
2849-10 46.75 1
48 1

4126-1 46.75 1
48.25 1

ANALYSIS PROCEDURE

(1) Stresses based on Fluor-Pioneer output multiplied by

factor of SxD.

SSE ZPA
OBE ZFA

PEAK SPECTRAL ACCELERATION
ZPA ACCELERATION

TABLE 2.2 (CONT'D)
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me_ NPC DowweET No 50- 234/ oare: Mpg 3Y pace: 28
sussecr:_ Leseprase 10 LConwceEpn 149 BY:__ A F ox_gudl sur:__ | oF !

3.0 REFeERENCES
R

A Fluor -Puoneer, Inc. De.sxjn Eepofts on
Mnuop@m Rolls "AA Thro;lﬂln “AH
Prci)ec‘t 10- 4zzl clenl: Roberl Irsoj-
(Mc’crq{n@m Rofls are on {“Lée wrthh DECe,)

2. DECo EF2-55,593, November 23, 138l
FE€oor IZesPo'n.se Spec'(,fcx ond Envefqoes
Reactor - Aux«&arﬁ Bul\?clmg and
RHE Compfex.

. 50(39mt % L.umc‘j Efpoft SL- 2682,
Sepl., /982 , Sewsmuc awaéjm o the
Reactor Aux/&ow:s Buu?dwlj Complex

Envico Fernic Atomie Power Plant Und zZ.
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ENGINEERS
CALCULATION SHEET ) .
TITLE: EGSPON;E o (oNncERN IS DATE. A Fre Y Y pace: L
susect:_ TagLe OF ConrenTs By AR cx: 40  sur: OF (L

TA&LE oF CoNTENTS

.0 INTeEODUCTION
.1 ProgLem StaremenT

1.2 INVESTIGATION APPROACH
2.0 Svetem DEscripTiON

3.0 AmwnaLysis ArPproACH
3.1 Loap ComNDIiTiONS
3.2 ExisTinGg ANALYS)S
33 Lomp FacToes
34 Arnacvsis CeiTeeia

3.5 Ducr CAPABILITY EvaLuaTiOn

251 Ducr 5E-cno~ PeorerTiEs

352 DBuwurine Steess

3.t Peessure CaragiiTy Peocedbure a

3,7 Mecranics Oveeview
3.9 DerLecTiON LinyT
28! Apean RepucrioN

5.9 APPLIED L OADS

1

/3

13

14



8 HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET

e KeseonseE  To Corkern |5 DATE.__A D SV pace: I

SUBJECT: TARBLE OF CON”EAT} BY: AR ex: 4—9 SHT:_LL OF \.K

40 ANALYSIS 16

4.1  ANALYsis oF Z848_ | b

U1 ANpsie OF 28Y4%_ I_ 1B 14

4.3 DerFrLeECTION 22

43 PaneL- Due 19 Bucuning 2z

4322 Parmer- Due 70 Pressure 24

44 nAeen BRepucron 25

45 SriFenERS 26

5.0 (CoNcLusiONS 27

60 ReeerenNcES z3

pEEPAEED By _ Ol &.«./ZI)ILCUH Y- 7-9y

CHECWeED BV, fm 4-26-74




HOPPER AND ASSOCIATES
ENGINEERS

CALCULATION SHEET
e KCEspO~vsE 1D Comreen 15 _oare. PApp 94 pace: /

sussecr:__ | O I NTRODUACLTION BY:_A K ex_40  sar: | or 2

.1 PepogLent STATEMENT

On Macch 2,1894, the U9 NR €. eubmtted
Docket No 50-34/ to Detrot Edison Com,:aanj.
This Dockel consists 07[ o recluestfm oddLional
c,n(*Ofmofton on Ferm. 2 CCHVAC sjs‘tem desigi
and operation, In parlicubar, there are seveval

cCocevns @C‘Qv’dlﬂj the stfuc‘turap Lm'tejrltu
. ~J

CO(’cuec«ttOﬂe) HA - 05/83' b86 anl HH'OS/SS' 65@)

/Df’rfomwcl b\j HOP/DP(% Assoua'tES_

Thes pact«aje LS /orepqreA o order to
res/ponc‘ to one °a the comments posed
by the NRC reiafdmj HA - 0383 - 68,
Nomegj,

Details of the caiculations to determine the maximum
permissible in‘erna' jressure from the stresses under
combined loads were not reported. Maximum permis-
sible internal pressures are shown for two load combina-
tions: DW and DW + SSE. An examination of the stated
values indicates that for the rectangular ductwork the
permissible internal pressure under combined DW + SSE
loading Is higher than under DW aione; in fact, in some
sections it Is considerable higher (in one case about 20
times largen. The basis for these results has not been
presented. Since the details of these calculations are not
shown, it is not possible to assess the quality or validity
of these calculations, and the maximum allowable pres-
sure results must therefore be considered as ques-
tionable.



TITLE:

HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET
Eespornse 0 ComtER N 1S5 oate A P SY pace: y A

SUBJECT:

LNTRODV € TiON BY: A R ex: 20  sur 72 o 2

12 InvesTioar/ON  ApproAcH

From the &5 ductptﬂj sdstems reviewed
‘v HA-03/89-636, tuwo duct sizes will
be clhosen fov o detaled evoluation.
The boasis ror .seéectunj the tuwo duct
Si3€s s to caFtu(e the feFfesento.tuvc
ngech/e wsed w omaéjS\M3 ol 5jstt’ms,
For ths reasou | one of the ducl swzes wi&
be shown nol to buckée under o\wﬁ @mclumj
oombmc«t(Omj and the other buckbes wnder
the Dw+ Sewsmic eoaclw?j.

An o\no\@jas approac h fof de't?\/MLWLV\j
the mioaxinmum ollowoble witemod pressuve
will be shownm. & deto.led cole uloation
of two represevitetive duct si2€s W24
be Pe(formecl to dewonstrate the pmceclu\re.



HOPPER AND ASSOCIATES
ENCINEERS

CALCULATION SHEET ,
me:_Re<conse 70 Comnceen 1S oate Ape SY pace__ 3

sussecr:_ 2.0 SVYSTEM DESceIPTIONSY: AR ok 40  suy: |

oF |/

5\!.5 TEN L oSCRIPTION

Detacled caleubalions wi el be pefformeo( ror
two ductl s\\js‘l.ems ) nomelij

D z849_1 (puct size 20x16")

@ ze46_1_18 (vucr size 7%2¢")
These 5351{.045‘0& re presentative or c bl
the fectOb'!ﬁu{Qo{‘ ducls reviewed w
HRA-08/88- 626,

SYsTEM LOCATION GARAGE THICKMNESS
GALVAN/ZED BASE mETAL

D 20x16" | SLaz 5§ I8 .0516" .0478"

@ 7%2¢"| ©rae s I8 . 0516 .ou78e"

S TiFENER

Anse& 14 « "/L‘x ./’6“ @ 30" 0.C.
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CALCULATION SHEET .
me_LesPonsE 1o Comcep~ |5 pare:. . APR. 84 pace: Y

susmer:__ 2. 0O A MNALYSIs A PPEoac i Bv:_ AR ex&®  sar: | or 12

3.1 L oaD C&NDI‘TIO_Q'E

————

l. Deap Lowp

Z. Deap Loap + Sesmic

3.7 Existing AnpLYSIS
————— -]

O onojj.sls o the duc‘(’,wﬁ 535tems WG s
peryormed bul Feuor- Pioneer [ Rep | 1. The
vesults o these awaﬁjses a® documented

L form op c‘é‘stjn reports. AL the structural
evaluction work wa HA - 09/88 - v86 (s ba.seA
ApOv doto contoined (n these de.s'ﬁn /eforfs.
The ox.ssumPt'ows mede bj F€uor - Proneer

ave Sumnu’u’t(?)ed v WA - 08183 -490,

33 LOAL FACLLZS-

Os discussed (n "E’espowse to Concern 14" [Eef 7]
the {'o??oww\fj ood {o.ctor,s ove used to
mgsmfj the Ffuor - Poneer LoaAs,

SLpe 3 L.F, = 22

Sceug 5 ¢ L. F, = 20
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me__Pe<rorsE 10 ConcERN 1L pare: AP 9Y pace: 5
SUBJECT: AnNpLYSIS  APPROALH ov: AL ex_“p  sHr:_Z oF_ 2

2.4 AnaLvels CrRITERIA
p——

The duc‘t s'tfesses e wmpar‘eaf to tThe

reg uwvements O  ANs/[AsniE NSO09 -18 80,
P 5.10.2.3, [ Rey 57]

¢) For Normal Plant OP?(QtLOn Loods
awowb& Stvess = 0.6 o’( tye&i stvess

() For Com b\neA Loac\s meeuc‘\mj S.te

6Peu{‘(c Eow’thciuake (9SE) foods
Clowerble Stress = 0.9 op tjt.eécl stress

wi) For Defeeciton
Povel - g° pef Troot o Moaximum
povet spon,
"Dt\‘c{ne(-' %" per foot 9 spow
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me_ Response 70 Comceen 15 oare: APg 99 pace: &
SUBJECT: AIVALYSIS APPROACH Y. AP ek €0 SHT: 3 OF 172

25 Duct Caprgiuity EvaLuarno~

2.5.) Duct SecTioN PeoperTies
Y

dT__L __; _d,
|

T, = 159‘-1 (3b+d)

b* ( b2
Iyr- :6” (+2d)

Y
o)
systen | d b Toc (%) Ty (m*)
GALY, BARE GALY, DagE GALY, BAEE
2843. | 6 | 20| 0510 .ou7¢" | 1623 155 | 2333 Zu7
reve. izl 7 |24 l.os .owze’ | 333 308 | 222.8 2065

AnNGLE
+__w_"ﬁg;_Jy
i g =(.5)C8) (%= *4) = (1.3)¢7e) (4§)
o (15 %)
— '/G’

3 = /,084"
Il:v: ‘

g
(1.5) Cns) - (g,s‘lé‘)(t.osuf-%?)
I

(1.5, ) (1.5- % - 1.08¢)* 1
I”: L0778 (v
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e LESLONSE T COornceeN IS DATE. /PP S Y paCE: 7
SUBJECT: AnNKLYSIS APPROACH Bv:_A.B ex:_Sp sHv:__Y or_j2

357 Bucxiing StTress [Eef 2/ pa 350 ]

Plate efostcc conpressive buck&mj stress.

S5,
APL NN — sl 17
iz (-v) \ b

PR T
Whev"e
' o
. F—-———.
£ = 7.‘5.10"P5L . 1
vV = ,29

h = .osit” (30\@/&»4(364}

0478 ( bove )

K = (%,gy , w=4 (b/o.">

o F d\:’ton& b(,tujeém 5t(gﬂec’5

b ) o tn)] ®/ w
20 30 < y
24 30 < | 4
For 1e49._1 For ZTOYE_I_ IR
Vee = 633 psi (gobr.) Ver = 462 pai (aaéﬂ

Vie =535 psi (bow) W = 413 psi ( bore)
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e Ke<PoNSE To COoricernN 15 oare APg . 3 pace: 4
susiecT:__ A vALYSIS  APPE DAL + BY:__AE et %0  sur:_ L o 12
3.6 Preszure CarngioitTy PeOL e Dure

Rec‘tﬂﬂgu&\f duct Pcme? dumensions ove bosed

upon the crose -section sude eensﬂn ond the
5t\ﬁcr\er ,5po.cm3, a s\ ple oﬂo\eij.sls
aﬂo/oocln, shoum bepowl wos talken to deteynine the
ollownble o,oe(atwwj pressures £or various stress
conditions,

From Tg.ﬂvcghe."\ilr‘.‘g TheOv" 0{‘ Pea'tes Omd

Shells, LRep 3, Pg i3]
Membronie Stress (nox. ) -
V= 7y = EW (Y Eo |

3(:-1)')(@) [ . ]
Bendmg Stress (pmax ) -

2

Vg—:V,:%L(%) ¥(w) [Ee 2]
Y= 2 (u- tonih(u)) Leo 3 ]

uttanh (w)

LU LS {Ound from

b AP | S U e <. 2% . 0
(n—v‘)t%‘e‘ e W tarh (W) 1B L sl (W) qub Tear

[Ee '-1]
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SUBJECT: ANALYS IS A PPepACH o A R ek %0 swr_37 oF_j2
whefe)
E = 19 10" PS\.
vV T 2%

h = .05'6“ Laopvamts(’c‘)

= D478 ( bore )

pressure n pe .

1

The pressue CC;FQprLt\reS are coleubated
for Deac{u/eujhi cnd £ or Deaciwuqlnt +
Sewsmic Lood condLions. I./" thew Deaclwe\\jhf*
Seismic Load pressuve CQPC\b\éttj vs €ess
than the Deacluueﬁ\q‘t Zood c,aPab\PL{j, Onéj
the membrone stresses ave consideed. Thus
W s delermuned dufect?j from [Eol__(/ ond
then cnserled wnto [Ee 4] to cofve fov
cllowanble pressuve ‘i' Ggawn, this pressure
copability s besed ©1 wembrone stress
o.ﬁooae, Sunce benc\w'lj stress vonishes with
the f‘orma{-aow g a "\mge b:} D\eédmj
ot the boundaves.
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SUBJECT: Arnacvsis APPeoAac v BY: ATt 9  sur:_ B or 12

2.9 Msg HANIC'S 52v€z,wc—'é_[

The eoaﬂmj Qct\\/\a ov the ducl LS

ce shown

Note:

"'10‘= Ml

M= My

M, My = LOO\A\wj due to Deadwetaht o\wA

5€\.§~’V\lc-
P = Loo«dmj due to pfessuv’e
STrEss - Sewsmiic + Deac!wwSL\"‘.
55:».1'5“‘ o b 550 * Ea\/'th:i/urf“{
Stress
/ Spw . D?o\AvJeisht
Stress

Y

Corner b LS umcle/ VJO('S‘L ase c,oMIJf\'SSnow

Corver "c*is wunder worst cose tension
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SUBJECT: ANk ysis ApPPeoAcH BY:_AF Cx__Sp  SHT. S OF 12
OTRES - Pressure
Pavel strp
sb ‘WM_’SJ.
SOm T Membroe Stress duwe 1o ,ofessLA(e

O = BEnclu'/\cX Stress due to pressave
\

In our :.x't,uui,uom the quv’S't (ase eocodAOW
(& at orver b) where the state o_[

strese s os  showwm

A
Sow
See
5% S S5 Sb
et R e
Seo
Sow

From1 Tresco. b\eﬁd writevion [29{ & X Pa 3\71

the moxumum stress ‘s,

Sow* Segt Op+ 5Sm £ .9 Sy'epd
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38 DerLecTion Lirur [ Ko[ - p,ZS 15 7]

The raxXinium clffi(c,ttom o & pm’wé

Ls cafc uéc\iecl 7/’7’0»44)

w=_9g&" [Eas)
%—.38 = [,(u)

D=_Eh LEa &)
12{1- P*) !
[,(u«\): _ﬂ[u‘, U I Y ] CE® )
u" z SLV\H\A tovih u

Stk_f[_fﬂfv" def@mﬁtow s caleuloled {‘fo"m,

w = 5Q€V P=“/\m [Ee %]

2evy E 1

38| Peern ReouctioN

To Ob-LO«Lv\ o MFPE'( bound oveon fCAUCtLOV\I
CASSUNIE pc«npﬁ clefé’ed,uom OCCLres ovounc

t he eniu'e P?ﬂmét&’f.

Wl RO N L I00%

o

4
S

lnq‘t(ae cfoss'sec'l.tOWO«Q orveon

»

Area talen bn de{Pec'Ltow

i . ard N ' -
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39 APPLiED L OADS L Re[ 1]

2843_ |

From Fluov - Proneer QOu tpu‘L

TORS)ON = 0 {‘t #
M, (OuT- pLans)= 2 [t #
M'l (IN - Pt—ANE)" 10 Ft #

Dead Mjl’\t)
‘;")emrr;(c) U"'C@.Adunﬁ Loo«A ﬂap‘é@"
\
|

vl A é‘t LP—(':‘\G.;
TOESI ON = | (20) = 20 {t#
M, (out- eLang)= 3 (z0) = bO (’t +

My (i~ - pemne)s 4 (20) = @0 ft# \
i

2.8498_ |_ IR

Dec:w:x UJELS\’\t
TORSION = BOS ‘F‘t #
M, (Our- PLang)= 4.5b {‘t “

M_ (i~ - pLaNE) = 2573 a4
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sussscr:_ 4. O Aprynyers BY: A R ex: €0 SHT:__ [/ oF //
4.1 ANALYSIS OF 28Y9_ 1

DW + Pressuye

M= % ’[t ¥ M, e 20 fi#
B nwy o o b
Vow = Ma (z{)(/z)_' M, ("2 ) (%)

qu Iyy
= (21000168 L (2)r) (20 (80&)
(2) C167.3) (2> (2325)
= 122 'psy < v, - €93 Psi (aq_é)y,)

'« Ny b\ACW[\V\
= (o) (nY) L (2 )0 )(20 (bave )

(2 (185 ) (Y (zre3?

= 132 Ps( < 595 pPs (b&’?)

Gagawn  No buckbone
Jd .

To colculole Lhe allouun bl Pressure

Vow + (Vé*V’M\ 7-.‘97’),

122 + (03 7a) = . b (3¢,0cc) (800\/,3

Ve + Vs = ZI,Q’?GPS\ (60\0\/)
Vg + 5 = 1,468 ' (ba/ﬁ)
Bl =

Thf d&qerenrc be’LLV-Q‘QH Saevan\ze_c{ anl
<
bC‘VL u\e‘(,c«e LS 5:7'!0‘@(.
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SUBJECT: ANALYSIS oy A K. ex: @° gur:_2 o !/

Usum tl'\f ec‘u«o\‘t(om .Sl‘\ow&’h W 55’(,'{,401‘) 3.6

"
O{' ths Poc,ka e

Oddn‘ﬁ [Ee 1] ond [Eq 21 we je‘t)

the pressuve ?/ o determinagn.

e 7 =BV (5) - 4 (£) [2lestanhe)

509wnj For 9.

.- * -E : h 1- « 1. - “ -
I l(m ) S'Z%Tﬂ(?)] . <'é') [i("uta:?/\w(t’g -

5u’w-€o«/‘pj .§O€vn\j (E@ 4] .{'W CI/”

kS

\

r =il

:_bf;_( € LK i .27 __ 3 )]
Cil Lo-u‘)‘é’“ bltanh )  leursimbu)  4qu® Bu’

a :,Otf"u't,tm'l (.8 ob‘tomed' bb\ Lté(a/t“’lj 'LA'
Uv’\{ce 7{,":%1.

Thus, for Ve+¥m= 2,498 ps/ , £=20"
ot wu=2o (%ae,,.) u= 2.6 (bove)
qF =655 ps L7 ) 9.2G.= b0ps ()
orf , cllownble presswre s,

q =-e55(497 )= 18.1 " H 0 (gov.)

q’ = .60 PS,' or 16.6 " Ky O (ba/e)
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ArALYLLS By:_ A R ex: €  sur: 2 of (/

DW+ Seisniic + Peescuee

M, = GO(t# M, = g0 fi#'

Vg = ( go )(n{)(lb) & {60)(\1)(10) (306\/)
2(167.3) 2(2339)

= 9% psi < 683 Pso-

No bu\c L(@m
= (80 Y )(e) . 60 (1) (20) (bavz\
1 (155 ) 2 (z216.7)

= B3 ps < 595 ps!
Now,

Vow* 7y + (v T Tm) = .3 vy

(22 77 =+ (va+ Tm ) = .3(3b000) (Zc.Pv,)

122+ 83 =+ (Ve+ om) = .9 (36000 ) (bove)
So,

B TV = 32,200 psi (gadv.)

7a + Um = 32,185 ps. ( boave )

SOQVMS fFor cv s be{’Oo’e)
ot wu=87Y (200v3 s 8.5 (baw)
(1"-‘ 1.2 PSl' oY 32.6" H, O (caoﬁv, )

q - L psi  or 30" H0 ( bove)
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SUBJECTY:

ANNALYS S BY:___ AR ex: 40 suT:__ 5 oF /|

Dw/ + Seismic + Pressuee

M= BeD pt# M, = g4o ft#

Ve = (8490) (1)(7) + (Be0) (12) (24)

2( %33) 2 (2229

741 > 482 ps,

... buCV&V‘S OcCcures.

The ef[ed,we s‘thP \ S de'te(mw»eci T/‘Nm

C = ﬂh & }_________IC
Ve G-vY) Joy Sucmes

ARER

- ’:‘«i \mcln IC

The repelribunted stresses ave ‘Uwew)

Voax C2e+2h)+ Zor (b= (2cezh) = (72 +%w)b
Viiow ( 2. 88) = 482 (24- 2 88 ) =(1741+327) 24
Viep = 13,700 ps.

Now
Tonx + (Fp+ Fin ) =, 3vy

13,700 + (7’6«»?’»«\3 = ,5(36,0003

(V‘@,¢ Vm)aufr 18, 300 ps’

ok u= 781 (golv.) u= 8.6 ( bave)
C[/ =. 4y Ps:’ 14 /2.I'HID (%a?v )
Q =. 40 psi _of 2" H, 0 ( bove)
1 ;
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SUBJECT: ANALYSIS BY: AP ex: 4 SHY: & oF /I

L

As el ioneo Prev.ou\s(’j) ‘i the Dw -
Seisniic Lood pressuve copo\blf«t‘j s Lecs
thay DW €oad caPc«buPLt\j) Ongj the
nmembveine slesses are consi dered, Thus,

w s de‘ternunpd )(‘/'OV‘V\

T = Eu (BT 2 18,700 ps,
T (-0, \ €
wheve
Z = 24"
u._.\/;(l—.ze‘)(:eﬂoo) 2.4 \
28vi0* .08 b
U= /9.6 (Caa@v ) = 20L1  ( bave)

Ir\sev‘L\mS ‘i wnato [ Eea ‘!] {mm 5ec't40‘4 3.k

ond :,o€vm3 for g,

CL: 5.4 IDS" ov 150" H,O (cbagv. p

%=5,0Pss' of 1373 H, O ( bove )
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4.3 DErFLECTION

4.3, PaneL - due to buck-&mj

In thss o.ma[\.‘sns the buck&A ssstem
(s ZByg_ 11 Duct swpe 7x24"
The é’a/aes‘t /Ocn/w/ size (s ZM'x30".

From L'Ee{’ Z) PB 413

W= [ cos _— wos Ty
A< a

w\qe/e,

Iy

e = (1-vY)wm,

!

X
b.420°€ - Hpselh*
5.,88

E
o= 4 wndt‘ﬁ) Z4 /2 = 12"
h = . 51L" (aaov.)
0478 ( bare)
v = .29
E = 290" psy

THLS re.suﬁ, S {‘O( Cn 5\anl:)p\:) buPPOrtcA
Square Peo.)(-c Loaded above (s Laslic
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AE o _Go  sur_B o

SUBJECT: A B LYSIS BY:

buc\‘ema Liwl., To obtewm o bOuwAMj
de{ Cection value for fectaM3u€ar
P@o\tes) mu€t\P€j Lhe de{“éeu{«on bj

[N {‘o\c,‘t,O( O{' Z, to obtawm o wnservative fesubt

5&29(.1,\\/\3 ;

x=3=o) ce. ol center or plode
(A)"; ’Z-][‘
For %24
Ve = Y080 ps (%a?v)

Yz s ( bave )

= 6. H2 ()1)"(”-7'5‘) 182 - 4088 ( 05153‘_/1
( 29 x1p* ‘ ‘
5.088
.

[ = ,03" (8a€v.3
[ : 0% ( bare)
W'=s 0%:2 = .06
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SUBJECT: ArvaL Ysic BY: A 7 ek %0 _ sHr:i_ o oF |
43,2 PANEL - Pressuve (2"v24")

AccOrdmj ‘(:D ANS) ~NEDY - 18 ¢0 CIZ.TS?]

the moaxivmaum pcm-eé deféeutlon LS
“%  per {"oof O{“ MO LU pame@ span.
In our cose the moaxivmium spon (s
the distauce beluween stx“c{'ﬂeﬁs, v £
20 TVW{.F ove

LA/ !

B 5 u_jF - =@(—3-,-g\°.0b’ . L5LS el

f)OQVu\-j [EG’ 5]) {‘mwi Se(;{wﬂ 2.8
cn tevrwms or c;)

CL = 364 (é\imgq D [[,(u)]

Cls0,
:[ il .\ (_ el ) 27
C1 (1) £¢ tew” tavh (W) (LU simh)
o D e o )" 4
Yus Put
ITtevelg w w2 qedd the ollowe bl

pressave,

ot u=13¢ Grex = T8V ot 00 20700 (9d4)
U= 1965 Quex <. 7M psi O 19.6 H,0 (bote)
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SUBJECT: Ardarysg s BY: AL G  SHT: 10 0k I/

4.4 Aeepn RPebucTion
Ass;mnn\cs the Panpés w b de/*@u( the
ANS| NS09-/980 allowable distonce

the redu\ut«OV\ (7% Ouf,(‘eou\) Arécn (s
determuvied,
U‘Jmo...« - 'ﬁ (:%%): : 21LS

For 20.1/6“

Ap.29xlb - z[( vzs)(tol\ <+ (31235)( Bﬂ 000,
201 b

= 86.1 % &ft over or 3,8% (ecluctnom

AR o 2927 - L ¢3125)(3.5) + (.3128)(12)] x 100%
bt < 2973

= a4.z2 % &{*“t over ol 5.87 rec‘uc/'(:con
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SUBJECT:

A NALYS (< sYy: AP cx: v suY: !/ oF 1/

4.5

STIFFNEE

In thie GWQQ:SS\s the @owSesi st#ne/
eemgth (s 24, O\cco-’éms to
ANSI NS03- 1380 the ollowable
stL{{ner deffecilow (5

Wk = & (H1) = .28"

f>o@vMS ij g ] For p,

P = 284 E;[_U\Jv\q}x

5 e
w\nev’f,
I = .08 "
€ = v’
P = 284 (280 (.078) (.15")

5 (z4)Y

P = I3 #/(m
Now
qmw =-—P——-— where O = 30“ . ‘tv\bvxto\f

et eewjt\n
%m«:’ 132 = Y.y ,75.'

30

or 121" H,0O
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sussecr:_ 5 O CornNcLusions By A F ex: &40  gur: | oF 7

ConcLusions

e
———

In vespoise to o commient POSEA b_‘j
the NRC v Docket No. 50-34/, o
more delaled PfOceclu./e for caﬂ.cu@a'f.ts/:j
alloweble pressure | as /Dub&.shed nY)

HA -03/e3 -bae, s presented. This

e achieved bj sef’eotumj two fepresentatwe
duc‘tu/\j 535tems avd Per{Ormtmj detafed
coleubadions Lo determne the cllowoble
Preéssuve s,

A bu.MM&\rj of the resufts & showwy
wa Toble 5.1, However, the resufils ave
not as  wnporlent og the PfoceAuve M
ob‘Lo\U/\wxﬁ them, The purpose op thre loo.cl«age
s to expand on the resulis published

(n HA-03/83 -b9e. This (s achieved b
Prowd\nj o sanwiple O_F cleos ond compfe'(-c
colculakions. :



in Summary
Allowable Pressure
System No. |Duct Size |Analysis Type DW DW + Seis. DW + Seis. (membrane stresses only}
{inch-water} | (inch-water) {inch-water)
2848 1 1B 7"x24" |galvanized 14.6 121 150
bare metal 13.4 1.2 137
2849 1 20"x16" |galvanized 18.1 326 -
bare metal 16.6 30
TABLE 5.1 Summaey or ResuLrTts

‘AJarans

SNOTSVIINO™Y

‘A8

oy WA

‘ANWS

Z 40 7

R PAEY

ST NIF5N0y O F5N0d53Y

24/ ‘va

B 2

‘Avd 45

A33HS NOLLYTINITYD

SAIINIONT
SALVIJ0SSY ONY ¥3ddOH
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someer:__ 0.0 Lerpperrnces ey A Pex: %0 st loF 2

Rereee~nces
e

[, Feuor- Ptoneor) Ine. D?Stﬁf\ QeFo-”ts on
Mncmf.ém Ro€ls "AAT Thmu&h 'AH;'
P/oJe ct 10- Y2, célent: Dobo/‘{, Ifsvy'.
(M|¢/O{‘u-€M ikobls ave on ('»90 with DECe.)

2. Timoshenko § Gere. " Thewj oy E€astic
Stabibity’, 2% edition, McGraw- HI€L,
186 1.

3. Timoshenko, ” T‘ﬁeorj or Plotes ond
Shells”, 2% Edilion, 1858.

4, Young, " Roavks Formubos Jor Strese avd
Strowm “}
[ Tabb 25 Cuse 4

bt Editov, McGraw - H, (£, 18883

5. PASME , ANSI/ASME NSO - 1380, Nucleor
Powey P@am‘t A CQFO\Y\LV\S Umts omc'.

Cow7/30nen‘f.$ , N-Y., 1980.

b POFO\/) "Intmc‘u&ct@m to Meclhonies Q/‘
Sol.ds” , Previtice-Holl 1368,

)
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