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. . ABSTRACT 

- 

A s t ress  ana lys is  has been completed f o r  t he  LOFT p i p i n g  nozzles 
pene t ra t ing  through the  containment vessel i n  accordance w i t h  the  1965 
e d i t i o n  o f  Sect ion I 1 1  o f  the  ASME B o i l e r  and Pressure Vessel ~ o d e [ l l .  
LOFT S p e c i f i c a t i o n  ~ - l [ 6 1  s ta tes  t h a t  t h e  1965 e d i t i o n ,  i n c l u d i n g  t h e  

, addenda through t he  summer 1966 issue, be used. Stresses i n  the  conta in-  
ment wa l l  and i n  t he  nozzles r e s u l t  f rom mechanical and thermal loads 
on the  p i p i n g  t h a t  penetrate t he  nozzles. The mechanical loads were 
compi 1 ed i n  LTR 1217-7[21 and t he  temperature g rad ien ts  were provided 
by the  Thermal Analys is  BranchE31. 

R E P O R T  N O .  

LTR 1'217.-6 

This' ana lys is  i nd i ca tes  t h a t  t he  nozzles and t h e  containment w a l l  
a re  adequate t o  sus ta i n  the  g iven  mechanic.al and thermal loads . '  Therefore., . . 

i t  i s  recomm ded t h a t  paragraph number 51-0.4, sec t i on  M o f  LOFT speci-  m . f i c a t i o n  S -1  1 be rev i sed  t o  1 i s t  t h e  nozz le  loads presented i n  Table 
3, page A-3a.. 
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I. INTRODUCTION 

A s t r ess  ana lys is  has been completed f o r  t h e  LOFT p i p i n g  nozzles . 

pene t ra t i ng  th rough .  t h e  containment vessel  i n  accordance w i t h  t he  1965 

[ll ' e d i t i o n  o f  ~ e c h i o n  I11 o f  t h e  ASME B o i l e r  and Pressure Vessel Code . 
LOFT S p e c i f i d a t i o n  5-lL6] s ta tes  t h a t  t h e  1965 e i d i  t i o n ,  i n c l u d i n g  t h e  . , 

addenda through t h e  summer 1966 i ssue ,  be used. A s t r ess  ana l ys i s  o f  t he  

containment vessel w a l l  and o f  t h e  nozzles i s  inc luded  i n  t h i s  r epo r t .  

A t a b u l a t i o n  o f  t h e  nozzles analyzed, the  maximum p ipe  temperature a t  t h e  

nozz le  and t h e  loads on t h e  nozzles i s  g i ven  i n  Tab1 e 1. (See page A-2)*  

*All t he  nozzles l i s t e d  i n  Table i were analyzed i n  t h i s  repor t  except 
Nozzle S-3E which was analyzed i n  Reference 4. 
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11. DISCUSSION 

The mechanical loads on t h e  containment vessel a t  t he  penetrat ions 

were compi 1 ed i n  LT.R 1217-7[21. These 1 oads are from p ip ing  t h a t  pene- 

t r a t e  t h e  nozzles. They a re  e i t h e r  a combination o f  deadweight, thermal 

- expansion and operat ing bas is  earthquake (OBE) o r  deadweight and safe 

shutdown earthquake (SSE), whichever leads t o  t h e  h ighest  s t ress i n  t he  
. . 

contai'nment wa l i  . 
A ~ i ~ j a a r d  d n a l y s i  s[51 was completed f o r  each s i z e  o f  nozzle pene-. 

. .. 

t r a t i n g  t h e  containment w a l l  (see ~ p ~ e n d i x  A). To be conservat ive, the 

. . h ighes t  f o r c e  and moment t h a t  each nozzle s i z e  had wasused f o r  t he  analysis.  

Numbers t h a t  are c i r c l e d  i n  Tab1 e 2, page A-3, i n d i c a t e  these loads. For 

f a t i g u e  ana lys is ,  t he  appropr ia te s t ress concentrat ion fac to rs  were 

appl i ed. 

. Two o f  t h e  nozzles have pipes penet ra t ing  them w i t h  h igh (above i 5 0 ' ~ )  

opera t ing  temperatures. For these nozzl'es , thermal stresses combined 

w i t h  mechanical stresses were ca lcu la ted  i n  Appendix B. Thermal stresses 

a r i s e  from temperature gradients between the  p ipe  and the  nozzle. These 
I 
cjrad'i ents  were 'provided by t h e  Thermal Analysis ~ ranch l - " .  
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The maximum pr imary p lus secondary s t r ess  i n  t h e  containment w a l l  

due t o  mechanical loads i s  22,440 p s i  which i s  l e s s  than t he  a1 lowable 

s t ress,  3 Sm = 68,220 ps i .  With peak s t resses added on, t h e  maximum 

a1 lowable number o f  cyc les i s  110,000. 

The maximum pr imary p lus secondary s t r ess  i n  t h e  nozzles due t o  
. . 

thermal p lus mechanical loads i s  14,000 p s i  which i s  l e s s  than the  a l low-  

able, 3 Sm = 53,850 p s i .  With t h e  peak s t resses added on, t h e  maximum 

a l lowab le  number o f  cyc les i s  100,000. 

' ~ o z z l e s  S-3E and S-5E are bo th  cone shaped nozzles w i t h  s i m i l a r  

> .  . dimensions and bo th  operat ing a t  h igh  temperatures (S-3E B 5 3 0 ' ~  and S-5E 

@ 407'~). John Canders (Reference 4)  performed a f i n i t e  element ana lys is  
.. . 

on nozz le  S-3E and a r r i v e d  a t  a maximum s t ress  o f  34,254 ps i  which i s  much 

l e s s  than t h e  a1 lowabl e of 52,500 ps i .  ' Since t h e  two nozzles have' s im i  1 a r  

dimensions, ' nozz le  S - 3 ~  operates a t  a h igher  temperature than nozz le  

S-5E, and t h e  mechanical ioads a r e  h igher  on S - 3 ~ ,  s t resses i n  S - 5 ~  w i l l  

a l so  be liss than the  a l lowable s t r ess  values. 

, . .  I V .  CONCLUSION 

This  ana lys is  i nd i ca tes  t h a t -  t h e  nozzles and t he  containment w a l l  

a re  adequate t o  sus ta i n  the  g iven mechanical and thermal loads. 

. . 

V .  RECOMMENDATION 

It i s  ~ecommended t h a t  paragraph number 51-04, Sect ior~ M o f  LOrT 

S p e c i f i c a t i o n  S-lr6] be rev ised  t o  l i s t  t h e  nozz le  loads presented i n  

Table 3, page A-3a. 
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, . ' - '* lablo 5-C01!1pulal1on 311eel  lor Local Slrorros in Cyllndr~rrl ~ h e l l c  
L T V  2 1 7 6 - 3 .  

. . .. . / o ~ " D ~ ~  NOEWE ? m t q  4- 4 

1. Applled Loods' 3. Caoraettlc ~ o r o n e t h n  

a; P4O.S Rodiol Ipo4, P .. @ ? l b .  
Circ. Momtnt. ' -f. 

6.0 11 io.as) 2 . 
RI . . Shcor 'Load, . Vc - 

' H n o r  Lood, 
' k r o s a  Conrenttotlon due to: . 

C.ometw . . . . 0) membrane lood, Kn . 

Vessel '~hick~tesa,  T ., & In. b) bonding loo& Nb . R, 
Atfochment todlun, *NOTE: Entev a l l  b r c e  valuas i n  
Vessel ,odius, arrovdonce r l t h ' s l q n  convention . . CYLINDRICAL SHELL' 

1) 'Wen o $5 ti ". 18. I Jwth - U.F I 4f l  
h e w  lib. silml 1-98 1.0% .,.GO 1-59, i . 3 i  1 - 2 6  -66 . 7D 

:. 
a) whmn r , ,  o S !wp.mr 01 IU, rr, at 1 v,5< - e, I 

3) when A ns 
. , 

he.. ~ ~ ~ i k .  .I,.. , ' . . \ w ~ ;  - ar,)a I 4;a 
L 

N I ! ( ~ ~ L  :H,,,'B) fro determined by (C,,) fi;om'~ab]e . 4.3 , Calculation of Stresses 
, . 

8 (see.para. 4.3). . !t .4.3.1 STRESSES I ~ E S U I ~ T I N C  FROM RADIAL LO 
4'- 4.2.2.4:2: M'hen -.--- 'considering 'bellding lndmcnt P; . . 

(MI): B = K L Q B , ~ , ~  where K b  is given in Table 4.3.1.1 Circuntforntiol Sttcsscs (OJ: 
8. Step 1. Using lhe applicable values of B an. 





I , '  . . ' 
~JUIU >-LoIII~UIJLIO~; 5 1 1 ~ ~ 1  l o t  Local S~IUSLES in C y l ~ n ~ l r ~ c ~ I  j i cc l l r  

1. Applied Loods* 

. Rodiol 1004; 
Circ. Lbmtnt. 
Lonp. Mon.,nts. ' 

Torkion Mon.nl, 
Shror Lood. . 
shew Lomd, 

Vessel thickness, 

Arlochment rcdlus, 
Vessel radius. 

Mc :- 
ML - n. Ib. 

Ccomeitic Poramaers 

7 +. - 
, I  owa a e'" 

hvess Concen~ro~ ion  due so: 
. 0). menbran. iood, K r  

b) b k l i n p  1004 Kb . k0 Rm 
'NOTE: Enter e l l  force volums I n  

occotdonre r l ~ h  slpn ccnvonlion C Y L I N D R I C A L  S H E L L  , ! 

N ,,I ( , I f L  .'I? ,,,'D) so determined by (C,,] from Table 4.3 calculation"kf stresses 

8 (see para. 4.3). 4.3.i STRESSES I~ESULTINC FROM. I ~ A D I A L  LOAD, 
4.2.2.5..2: M'hen considering bending lndrncnt Po - - -- /1 

(MI): B - 1(~3p, ,9 ,3  where K L  is given in Table 4.3.1.1 ~irc&r,rfe,oltinl S/rcss~s ( n ,  j: - 
6. . . Step 1.  'Ilsing Lhe al,plicebie values of 3 and 7 



. Ni= .. :. 
26@8Q@. Q Q  i . < 0 E F-S . . - - '-; H = 

. C - -  
. . . . . . . .  . Mi='. . . 

. . ., L . . . . . . .  +-.. -" xz 5 f3 80 3...1 8 8 ; .. 1 .  . . .  1 c,iEF~. 
. i  

. . 
. . . . . . .  . - 

, ^ ._- _- .- -. . -% ..: . -  . - .:--.-q-,-.y... :-.A .,-...: .>:. - % ;. -',-.?...;:-.u; ... . . _ . ,_ .. ,. 
. . . , . . 

. . . . .  :. i . : .  . ' 



iablu 5-Lvl11y~laU~n LIIaeL 101 Local ~ t r o ~ b u l  in C # l m d ~ ~ c r l  Shalls (TR f 2 1 7 ,6 '-,; 
. :  16" Or f+  NOZZLE. pfi+q . . 

I .  

I. Appll.d.Loods*. I G.oa.olc Psrom&uo 

R O ~ I O I  I P O ~ ,  P am -2,¶9*5 
Circ. Momant. V 

6 tJ66 11 co.en) . - 
, Sh.01 L*od. 

Sheor Lood, 
k r r s s  Concn,r.lion due to: ' . 

.2. Owm.tvy . . a )  mambrons load, K n  
b) bonding lood. Kb . I'O R 

Vesnsl'thicLt~sss, T .. -R. 

Actochmanr rsdius, . 10 - in. *NOTE: entw ol l  b r c s  voluss i'a 

VrsseI radius. Rm *in. ' occo~doncs ri,h'slgn convention CYLINDRICAL. SHELL' 

- - . . . . - 
1) *)l*nO$$ A nn 

hmre l i b .  wi,~t. 
u. I &~~ i ,~  u m F l  '*) / 6 . 0 6  13.64 5.76 6 . 8 8  zL.44 Z0.30 Z ; ~ I  3.43 

1 K51 1<5l  ~ s r  K K S S ,  
1 : .  

1) ' w ~ w .  r . o 8 - I * V ~ . ~ W I  *I W,%, ,I. w 1 "$5 e t1.1 

3) when f ~ ~ $  k ns . . 
. . he.. u.li6. ~ 1 , ~ .  ' ' \ ilr.c$ - 1 4:' 

4 

N , ; / ( M ,  'H,tp) H, determined by (C,,) fh;om ~ i b l e  . 4.3 . C*rulalion of Stresses 

# 8 (see para. 4.3). if .4.3.1 STRESSES ~<ESULTING FROM RADIAL' L.0 

4- 4.2.2.5,2: Mhen considering bei~ding moment P. . 
(MI): 0 = where K, is given in Table 4.3.1.1 ~ireunllrrcntial Strcss'cs (0,):  

8. ' . Step 1. Using the applicable values of 3 an 

' 10 ' ,S/rr?asrn in S h l b  
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1. Appli*d Loods* 

Rodidl Ipo4. ' 

Civr. Mamant, 
. Long. Mom.tnts, " 

Torsi#n Monenl, 
Sheof Lood, 
Shror Lood, 

Ve88el t h l c L ~ ~ e o r ,  

At~orhmont teudiu~, 
Vessel rodius. 

- Iabl. S - ~ o n ~ ~ u ~ a t ~ o n  Shoe1 lor  Local S l r a ~ ~ c s i n  L t l ~ n d t ~ c d l  S h e l l s  t,?R 1.2 1 7 ,a -2  , 

1 ~ "  0x6 NO*ZLE. , Pm+ 9 
G-e~#ic Pornno la0  

a, ~40.5 
v T 

10 . , 0 3 7  I !  (0.87s) 7- 

:kre8s Concentrotion due to! . 
0)' mcnbrone lool ,  I n  I'O 

'b) b-ndinp load, Kb R, 
'NOTE: Entor a l l  b r r e  ro lu -#  I n  

k ln; occo~donce r l t h  nipn convenllon C Y L I N D R I C A L  S H E L L  

L 

1) ?*.0,$ 6 0" I]. I &i.,- ~ . p * ~ ~ ]  2-31 1-97 1.29 1 .1  2 3.60 ~ ; Z L  4 9  he.. lib. sip.. 
-33 

, K 5 F  CSr FST. csr 5 ' Z  J C S I  
. 

3) Vhea 1 , .  Q S * I~IOWI e l  %!I, fro .il 1 I#+ - I!. 1 
3) *k.n nJ & ns * .  

h... ""like .,," . ' . \ (',IS - *#. ) a  I 

N ; , / ( iML !H ,,'@) 60 determined by (CL) ftom Table . a.3 .. Calculatfon of Stresses ' . 

4 8 (see para. 4.3). by 4.3.1, STRESSES R E S U L ~ N C .  ~ n o k  RIDIAL to 
4- 4:2.2.5,2: When -- coneidering bending Inorncnt .Pt 

(MI) : b = K .i/p,p,a where K is given in Table 4.3.1.1 Circu.n~/crcntiol Strcsses (a,)  : 
8. . . Step 1. IJsing'Lhe applicable values of $.an 

. . 





. - laolm 5 . -  L u l r i r u r a l t u t r  ?rlbouL lor LeCal S t r u r r e r  in C ~ l t n c l t ~ r ~ b  bncl l  

24" O T ~ ~ . N O ~ , L ~  ,Q!+q! . . . . , . 

1. Applied Loo6s* ' . 3, G ~ a r i e  P o t o r a l u s  

' Rodldl lead, P .;zO~Olb. . : =.5 
7 ,+-. Circ. Momant. . Me : - p n .  Ib. . 

Long; Mern.,nts, ' ML - -n. lb 
o n  o y,  : WO0lh ~b.  ,I . i+ws, a eq9 
Shear b o d .  vc --la 

VL .-IL . Shear Loed, 
' k r e s s  C m r c ~ ~ o ~ l a n  d w  tbc . 

2. 0 l o m . l ~  . . 01 membtoma h a &  Km 

I i c e ,  T .. ln. 
b l  ben,dlng l a d ,  10 . R, 

Allochprenl rudlus, 10 - A 1.. *NOTE: Erne; 011 lore* va!uw In 

V.rs.1 radlur, R m  In. ocrordance r i l h  8lan converr(ien C Y L I N D R I C A L  S H E L L  

N ,/ (AT, '8 ,,,'p) 60 determined by (C,,) fkom Table . 4 e 3  Calculation of Stresses 
8 (see para. 4.3). , 4 . 3 1  STRESSES I~ESULTINC FROM. I ~ A D J A L  LOAD, 

4.2.2.5,2: When considering bending )nowent P. 
-.- -- 

(M t): B = I c t , q ~ , ~ ~ t  where K L  is given in Table 4.3.1.1 Circunr/ermtiol ~ t r e s s c s  (a9) :  3 .  
8. Step 1. Using the applicable values of 8,and 7 .  .; 





I' . I . .  m-. 

I ~ D I U  5 - L o c ~ ~ y u l a l t u n  L l~os t  lor  Local S l r a s r e s  cn C y l c n d # ~ c d I  bhcllr 

30" ,Of ft NOS??%€ 4m t Q 
I .  Appll cd, Looda' 3. G.onetrlc Porometer8 

Rodidl 1004, P : l!%lt,. Rrn -=A 
Circ. Moment. Mc :- -n. Ib. ' ' 7- 

? Lonp. Morn.,nta, ' ML - 1290_Din.  lb. .03\2 
Torsi6.n Mpnrnt, M ,  :. &='in. lb. 11 i0.87~) $-, . - 
Sheor Lood, . . Vc - -1600 Ib. 

Sheor Lood, VL ALE lb. 
'Stseam Conccntrotimn due to 

1. ~mrne~vy . . . o) rnmbromr ~oo,:~n. I-0 
b) bonding lood, ~ b '  -60.b 

~ e a a o ~  thic~n.mm, T w 'A ~ n .  

Attachment rodiua, vo - 5 im. 'NOTE.: Enlot  o l l  tote. voluem in 

V11mel radius. R m  4-Z- In. orcotdonc. w i th  sign convention CYLINDRICAL SHELL' 

1) WI.nO+j & q 
hare lib. .i(ns 

s ., a [I+ 0.t  ~ ~ ~ c i , -  o .r+  4 9 j  2-92 zm z-33 2-27.  1.9Z 1.71 1.15 1 
61 gsr 651 CSL I K-SL K S ; ~  i . . . 3 , .  

21 hhrn I . 0 3 A I.#~..I .I r ~ ,  $1, at 1 113 - 11, 
3) When 0'5 

I 
' ". 

hall  lib. .I~.~ ' ' \ (".I!, - 'Im 1' 1 4;' 
t 

Nt/(lll, : H , ' d )  so determined by (C,,) fpom Table . 4.3 calcutatiOn Of Strasses . . 

4 8 (see para. 4.3). ;I.. .4.3.1 STRESSES I~ESULTINC FROM. I ~ A D J A L  LO 
d- 4.2.2.5.2: M'hen conslde~.lng bending moment #P. 

(M ,): B = i<.+jijT;; where K, is gi'.en in Table 4.3.1.1 Cim.u.ni[crmtiaI Stresses (a,): 
8. Step 1. IJsing the applicuble values of @ an 





. . 
N,,/(~lri,, ' H , . , z p )  so determined by (C,,) {I-om Table . 4.3 Ca'cu'ation O' Stresses 

8 (see para. 4.3). Pn 4.3.1 STIIESSES I~ESULTINC FROM. I ~ A D I A L  LOAD, 
. . 4.2.2.5.2: M'hen . -- considering bending moment - (M,): 8 = k' tq~,fi,l where is givcn in Table .4.3.1.1 Circrr r t ~ / c r r n l i n l . S l r s s s ~ s  (0 , ) ;  

I 8. Step 1. llsirig the aj~plicable'values.of 3 and 7 

, . 

1. Applied LOOOS*  3. Ccomctrlc Poromcltra 

Rodiol loai .  p .. 2 3 ' 1 b .  a, - a 0 - 5  
Ciw. Moncnt. MC :. 'z in. lb. 7- 
 on^. ~om.,nla, ML - S O 0 0 i n .  ~ b .  

To,s;oo Moment, M ,  : a* in. Ib. 
(XolO 

/I (0.07S) *m ' 

Shcor Lood. Vc - '560 lb. 

She01 Lood, VL  ss= lb. 
Sttoss Concrn l~o l ion  due 

2. Grornetv . 0) mmblone  lood. Kn 
. . . b) banding lood, Kb 

s t i c e  T =. 1-75 1,. 
*NOTE: Enter o l l  lotce volucs in Attochmcnt rudium, l o  -. 5 In. 

Vessel rodiua. R n  WI~. oc,cordonce wi th sipn convention C Y L I N D R I C A L  SHELL 

2) wh." : . o 

I )  Wh."'IG, 
' ". 

Lo.* u-lib. .Ig*. 

I .; IO,QM~ or ti,.$. ,r, c.9 1 $ 1 ~  - u. I 
-..--- ' \ ('',I;> - "m)' I ':' 

. I : 





- .  C "  ' . .  '. .'. .'.. - - . > ' 8  C ) I # I I \ t 4  ILcII  aIIL.llb 

12'' 0x6. ~ \ O B Z L E  & + Q + ' F  
1. Applied Loods*  " 3. Ccomctric Poromctcrs 

Rodiol loo;, . . P -. a, ' - 30 .5  
Circ. Momcnt. n. Ib. T - T 

o.o\z 
/I co.s7s, .& . - 

Shcor Lood. ' 

Sheor Load, 
sl.es8 C o n c m l ~ o l i o n  due I 

. . 01 membrone lood. Kn I .  t . o r n * t v  

V e s r e l  thicLn.ss, T .. In. 
6 )  bendinp lood, Kb 

. At~ochment. rodius, l o  -. a an. .NOTE: Enlet  o l l  lorce vo!ues in 

Vess..l rodlus, R n  *in. occovdonce wi th slqn conwenlion 
. . C Y L I N D R I C A L  S H E L A  

2) Wh." 1 . 0 

N,:/(llf,, 'Hrv2/3)  so.deterrnined by (C,,) fi;om Table . 4.3 calculalion of Stresses 

8 (see para. 4.3). 4.3.1 STHESSES I~SULT I N G  FROM RADI*L LOAD, 
4.2.2.5.2: When considering bellding moment P.  

( M i ) : ,  B = ~<,;li);nF,where K L  is given in Table 4.3.1.1 Cir&rnt/ornlial Stresses (o*): 
f l  

n . v, 

0. Step 1. IJcing lhe applicable values of 9 and 7 
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p- - .. ! 

i a o l u  5 - L o ~ o y u t a t ~ o l l  5 1 1 c c t  lor Local Strusscs in C y l ~ n d ~ l c d I  'a11cllS 

. (Q '  ~ I R .  H D Z ~ L E  ? + t ~ t F  L 

1. Appl ied Looas* ' . L Geometric Porometos 

I R&io l  loo,, . P : U m 0 l b .  . - ~ 0 . 5  
M~ .--in, V T  Civc. Moncnl. 

Lonq. )Lorn.rn~s. ML - *&*in. Ib; 
R O U N D  . O.O\bb 

11 co.en, +m . - ~ T T A C H M E N T ;  ,- 
I Sheor Lood. . V C  - 

R e o r  Lood, VL w l b .  
. 1 .  'S18css Conccntrot/on due I.: 

2. Gmornetw . . 0) rnemb~on. lood. K n '  - 
e s e ~  i s  T - J J ~  

' ' b) bonding lood, Kb &ORm 

*NOTE: Enter e l l  fotco values In Attochm.nt rodlus, 10 -. a in* 

Ve.s.1 rodius, . R m  In. occordonc. r l t h  s lqn convention C Y L I N D R I C A L  SHELL 

N, /(,IfL ! H , . , 2 @ )  so determined by (C,,) il'om Table . 4.3 Ca'cu'ation of Stresses 

8 (see para. 4.3): 4.3.1 STRESSES I<ESUI,TJNC FROM I ~ A D I A L  LOAD, 
4.2.2.5.2: U'hen considering bellding lnorncnt P. . - - 

' ,  

(M,): b = K , , i / p , p , l  where K L  is given in Tablo 4.3.1.1 Circrrntfomtial: Strcsses ( 0 , ) :  . 
8.' Step 1. Usin€ the aj~plicable values'of 3 H I I ~  y 
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I .  Applied Loods* 3, G~OIMCII~C Po~omet r i s  

Radio! 1004. P .. lb. 
Circ. Mom~nt.  ~c :. &+QE in, lb. 
Lonp. Mom.,nrs. ML - a@- ie. lb. 

Tovsion Moment, M 7 %Q 1". iba /I 0 7  " A T T A C H M E N T ,  
She01 Load. V c  - * Ib. 

Vc ' 0 0 0 l b .  Sheor Lood, 
)tress conccnlro l ion due to. 

1. Geomety . . 0) mekbtone lood, ICn 

Vessel  thichness, T *. 1.15 1.- b) bonding lood, K b  . -Rrn 

At~ochment radius, 10 -. 2 1.. *NOTE: En,e~ o l l ' l o ~ c e  volues I n  . 
~eas ; l  vodius, R n  in. occotdonce r l th  sign conwention. C Y L I N D R I C A L  S H E L L  

1) m e n  0 ~ 5  h q 
haw. Itbe sign, 

. i- 21) ll. & " - " = ~ 1 4 * ]  3.55  2-85 1-95 1-65 5.1q' 4 . H  ~ 7 3  -67 [ . ~ s r  6% ysr KLZ 65s r s r  6 S r  ~ S Z .  
I )  Wh.n 7 . .O . 5  a I wee ,  I of *I,!,, #I. .r I'll? - ,la 1 

1) Wh.n t r ~  b rf, 
' -- 

Lo.. ""lib. .I,*, ' \ ll@.I5 - *l,lJ I ' 

N, / ( i l l ,  'HI,,'@) so determined by (C,.) from Table 4.3 Calcu"tion of Stresses 
8 (see para. 4,3). 4.3.1 STRESSES I~ESULTINC FROM RADIAL LOAD, 

4.2.2.5.2: M'hen considering bending ~norncnt I". - - ? 
(MI): l j  = I C L ~ P , ~ , ~  w11e1~0 KL is given in Tablo 4.3.1.1 Circr,rt~/omtinl Slrcsses ( 0 , ) :  

8. Step 1. IJ~ing the applicable values of 9 and 7 
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1. Applied Loods* 

Rodiol 1004, 
Cioc. Momtnl. 
Long. Mom.,nls. 

To r r ion  Moment, 
Sheor Lood. 
U r o r  Lood, 

Vessel  ~hicknmss, 

A~lochm.nc rcndius, 

Ve.s.l radius, 

I r w v  ).-LUIII~UI~II~II u t c e t  l o r  l oca l  b t l u s r e s  tn L y ~ l n d t l ~ ~ I  bhclls . 

A .  NOZZLE h- 4 Q,+ F LrR12 1' 
3. . Ceomar lc  Pornne tus  

P .. Z= ~ b .  ~n -&orS . 
Mc .5&?Q%: ;; 7 I 
ML -9 0.0299 
w r  : w n .  ~ b .  11 co.aa % ' - 
v c  - q w l b .  
V L  2,Sab. 

'S~ tess  Cmcentro l ion due 10. 

. . 0) m m b r o n r  loo*, Kn 

T .. .LX In. 
b) bonding lood, Kb -Rrn 

10 -. =Oln. *NOTE: E w e r  e l l  b l c *  volucs i n  

R n  -1.. occo,doncm w i th  sign convention C Y L I N D R I C I \ L  S H E L L  

N I./ (lVL ! H 1 , , ) p )  SO determined by (Ct) fl;om.Table . 4.3 Calcrlation of Stresses 

8 (see para. 4.3). 4.3.1 STRESSES I ~ E S U L T I N C  FROM RADIAL LOAD, 
4.2.2.5.2: M'hen corlsidei~lng balding-' lnarnent Pa 

-.- -- 
(MI ) :  B = K . ~ ~ , ~ , ~  where KL is given in Table 4.3.1.1 Circum~crcntial9rcsscs (0 , ) :  

8. 
3 

Step 1. Using the applicable values of 3 and 7 

1) rn*"O+ A 0, 

)I..* lib. sigma 

3) When I . 0 

3) Wh.. ti,, A nu 

h.". ""lib. ,,,. l 

) ., k', a $  t. 11. I ("6 - 0. P 1. [ '"j 

9 - l o * ~ * a l  .f 1,. b 1 I#+ - Va I 
. . 

"1 . \ lf?'S - ' ) . I1  ' 4;' 

3-95 
KS' 

3-38 1-77 
KS-' 

2.29 
fLSr 

3.55 
K51 

3.1 3 . \q 
#<Sf 

.Z g ' 
,csJ 

' 
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. . 
, . l rblu ~ - ~ ; b ~ t i ~ u t a t ~ o n  S l ~ o o l  lor Local S l ~ o s r c i  ~ I I  i y l l n d t ~ c d l  S ~ e l l s  

30" 01R. H?$%Le -Pmta*F . . 
. . 

3. Gsomstt t t  Rotameters ' I. Applied Loois,' 

? I I ~ . - , x a 5  . Rodidl 1004. P ,fiE?Llb 
Circ. Momtnc, Mc :. . r z-f- 
Long. Morn.~ncs. 

! 
.0,0312 

T ~ , . ~ O ~  ~emsnt ,  . M,  : =-I". lb.. /I !to.nw +m 
. Sheor Leod., ' Vc '- lb. 

. V L  . Ls2E lb. H e o r  Lad ,  
'kross Cbncentrotior, dueih: 

1. C w m . t r *  , . 0) rn+ode bod. Ir, ; a5 
6) b e b l n e . k o C  l b  k 0 R  

Vesrol rhicCttess, T .: -In. 
* ~ ~ ~ ~ : . f e n t e r  .U lorca roluss in Attochminc tellus, 'o - 16 In* 

Vessel rodius,, Rn a In. . occotdirice v l th  sign cm,&anlion CYLINDRICAL SHELL" 

N,/(AfL 'Rrw2B) UO. determined by (C,,) f$om Table 1.. ' 4.3 ca'ljulation of stresses 
8 (see para. 4.3). 4,3.1  STRESSES I~ESULTINC PROM. I < A ~ I A L  LOAD 

4.2.2.5.2: H'hen considering bending' moment. j 
( M t ) :  ' a. = K i V j i i  where K, is given in Tabla 4.3.l.f Cireum/ctrstial Stresses (o , ) :  

, h 
8. Stei) 1.. llsing lhe applicable vrxlues of and 7 

i .  . . 



APPENDIX B 

STRESS IN THE CONTAINMENT VESSEL AND 
NOZZLES DUE TO TEMPERATURE GRADIENTS 





INTEROFFICE CORRESPONDENCE. 
> .  

dale August 3,  1978 

,to R. J. Beers 

from 
J/C 

W. C. Townsend 

. . aubjccl CONTAINMENT PENETRATION - TEMPERATURE PROFILE AT WELD - 
, . WCT-21-78 

Preliniinary analyses of itle temperature distribution of the containment 
penetration nozzle end plates and of the l ines penetrating and welded 
to the erld' plates were perfornied. Results of these anslyses indicated 
that the slope of the temperature profile a t  the weld i s  small and can 
be used in your thernial s t ress  analyses. Should the calculated stresses 
be h.igll, we y i l l  perform detailed computer solution of the end plates 
and we1 d areas. 

. . The' preliminary analys" considered the end plate as a f in  attached to 
the penetrating pipe vja11. Parameters and assumptions used in the anal- 
yses are given below. 

. . Thernial. conductivity of the s tainless  steel end p1a . t~ '  and pipe 
wall : 9.75 Btu/hr-ft-OF , 

~ssimed.  'natural convection f i  lm coefficie'nt acting on the end 
plpte: 5.0 Btu/hr-ft2-OF 

Aisumed -contai nment temperature: 70°F 

The, outside diameter of the end plate was assumed. large in " . 

' 

comparison with the inside diameterof the penetrating pipe 

Complete penetration welds a t  the outside pipe wall-end ' '  

plate interface (penetrations) were assunled. 

The slope of the temperature profile a t  the penetration weld i s  given as 

Sinh B ( rp  - r j )  
' d'P - - - 

dr B (Tp- 70) Cosh Brj 

FORM EGbG.954 . . 
', , . (Rov. 3 . 7 1 )  



Page 2 

where 

I h: o u t s i d e  f i l m  c o e f f i c i e n t ,  B t u / h r - f t 2 - O ~  

K: thermal conduc t i v i t y ,  Btu/hr-f t2-OF 

t:, ' end p l a t e  th ickness,  f t  

T~ 
: temperature of f l u i d  contained i n  pipe, OF 

r2: ou ts ide  rad ius  o f  p ipe,  ft ' 

r3: ou ts ide  rad ius  o f  end p la te ,  f t  

_. dT s lope o f  temperature p r o f i l e  a t  weld, OF/f t  d r '  

Resul ts  f rom t h e  c a l c u l a t i o n  a re  summarized.below i n  Table I 

TABLE I . 

L i n e  ~ i a .  Max. F l u i d  dT/dr 
Nozzle Inches Temp. , OF a t  Weld, OF/in -. 

1 

. cc:  J. L. L iebentha l  
N. E. Pace 3£vfi2* 
E. D. U l d r i c h  
W. C. Townsend F i l e  
Centra l  F i l e  
TAB F i l e  3.8 
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