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STRUCTURAL AN&YSIS OF SHIPPING CASKS 
VOL. 4 .  EQUATIONS FOR DESIGNING TOP CLOSURES OF CASKS 

Ab s t r ac t 

Equa t ions  f o r  d e s i g n i n g  t o p  c l o s u r e s  of  s h i p p i n g  c a s k s  
t h a t  w i l l  m e e t  r e g u l a t i o n s  gove rn ing  t h e  d e s i g n  and perform- 
ance o f  c a s k s  i n  which r a d i o a c t i v e  m a t e r i a l  i s  sh ipped  a r e  
developed i-n t h i s  r e p o r t .  The t h r e e  main areas o f  t h e  c l o -  
sure t h a t  r e q u i r e  c a r e f u l  d e s i g n  a r c  (1) t h e  g a s k e t  o r  s e a l ,  
( 2 )  the r e t a i n i n g  d e v i c c s  o r  b o l t s ,  and ( 3 )  the flanges on 
;he l i d  and c a s k .  
g a s k e t s  a r e  g iven ,  e q u a t i o n s  f o r  d e t e r m i n i n g  t h e  bol t i .ng 
arrangement  f o r  c a s k  1 i d s  a r e  p r c s c n t e d ,  and e q u a t i o n s  
f o r  de t e r tn in ing  t h e  t h i c k n e s s e s  of  b o t h  round and r ec t angu-  
l a r  f l a n g e s  f o r  t h e  l i d  and c a s k  a r e  deve loped .  

Design d a t a  f o r  d i f c e r e n t  t y p e s  o f  

1. INTRODUCTION 

The g e n e r a l  p u b l i c  must be  p r o t e c t e d  from exposure  t o  r a d i a t i o n  o r  

the a c c i d e n t a l  r e l e a s e  of  a c t i v i t y  when r a d i o a c t i v e  m a t e r i a l  i s  t r a n s -  

p o r t e d  from one l o c a t i o n  t o  a n o t h e r .  Spent r a d i o a c t i v e  fuels a r e  gen- 

e r a l l y  sh ipped  i n  s t ee l -  j a c k e t e d  l e a d - s h i e l d e d  c a s k s  w i t h  e t t h e r  a 

c y l . i n d r i c a 1  o r  p r i s m a t i c  c o n f i g u r a t i o n  t h a t  have a s h i e l d e d  top  c l o s u r e  

O K  l i d .  The l i d  s e r v e s  two main pu rposes ,  and these  are (1) t o  p r o v i d e  

a c c e s s  t o  t h e  c a v i t y  w i t h i a  the c a s k  and (2)  t o  c o n f i n e  t h e  r a d i o a c t i v e  

m a t e r i a l  w i t h i n  the c a s k  c a v i t y  d u r i n g  a l l  c o n d i t i o n s  of t r a n s p o r t .  The 

work r e p o r t e d  h e r e  was done t o  deve lop  e q u a t i o n s  f o r  u s e  i n  d e s i g n i n g  

c a s k  l i d s  t h a t  w i l l  meet t h e  r e g u l a t i o n s  fo rmula t ed  by t h e  U .  S .  Atomic 

Energy Commission gove rn ing  t h e  d e s i g n  and performance of c a s k s  i n  which 

r a d i o a c t i v e  m a t e r i a l  i s  sh ipped .  

T h e  r e g u l a t i o n  gove rn ing  t h e  packaging o f  rad.ioacti .ve m a t e r i a l  a p p e a r s  

as  P a r t  7 1  of  T i t l e  10 o f  t h e  Code of  F e d e r a l  Regulat ions, '  and t h e  

lCode o f  F e d e r a l  R e g u l a t i o n s ,  T i t l e  10, P a r t  71, 'Transport  o f  
L icensed  Materials;  see a l s o  F e d e r a l  R e g i s t e r ,  Vol. 31, p p .  9941-9949, 
J u l y  22, 1966. 
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r equ i r emen t s  governing t h e  performance o f  t h e  cask  arc: s e t  f o r t h  f o r  bo th  

normal and a c c i d e n t  cond i - t i ons .  The pa rag raph  r e l a t e d  t o  cask  performance 

under a c c i d e n t  c o n d i t i o n s  i s  g iven  below,l  

( a )  A package used f o r  t h e  shipment o f  a l a r g e  q u a n t i t y  o f  
1-icensed m a t e r i a l ,  ... s h a l l  be so  des igned  and c o n s t r u c t e d  and 
i t s  c o n t e n t s  so l i m i t e d  t h a t  i f  sub, jected t o  t h e  h y p o t h e t i c a l  
a c c i d e n t  c o n d i t i o n s  s p e c i f i e d  . . .  as the F ree  Drop, Punc tu re ,  
Thermal., and Water Immersion c o n d i t i o n s ,  i n  the sequence 1 i s t : ed  
. . .  , i t  w i l l  meet t h e  f o l l o w i n g  c o n d i t i o n s :  
(1) The r e d u c t i o n  o f  s h i e l d i n g  would n o t  be s u f f i c i e n t  t o  

i n c r e a s e  t h e  e x t e r n a l  r a d i a t i o n  dose r a t e  t o  more than  
1,000 milliroentgens p e r  hour  o r  e q u i v a l e n t  a t  3 f e e t  
from t h e  external s u r f a c e  of t he  package. 

( 2 )  No r a d i o a c t i v e  m a t e r i a l  would be  r e l e a s e d  from t h e  
package excep t  f o r  g a s e s  and contaminated c o o l a n t  con- 
t a i n i n g  t o t a l  r a d i o a c t i v i t y  exceeding n e i t h e r :  

( i )  0-1 p e r c e n t  o f  t h e  toIra1 r a d i o a c t i v i t y  o f  t h e  
package c o n t e n t s ;  n o r  

( i i )  0 . 0 1  c u r i e  o f  Group I ratlj.onucLides, 0 .5  c u r i e  o f  
Group I1 radionuc!.j.des, and 10 c c r i e s  o f  Group Il:C 
and Group I V  r a d i o n u c l i d e s ,  excep t  t h a t  f o r  i n e r t  
g a s e s ,  t h e  l i m i t  i s  1,000 c u r i e s .  

The "Hypo t: he I: ica, 1 Acc i d e n  1: Concl i t i o n  stt1 a r e  g iven  be low. 

A f r e e  d rop  th rough  a d i s t a n c e  of 30 fee t  o n t o  a f l a t  
e s s e n t i a l . l y  u n y i e l d i n g  h o r i z o n t a l  s u r f a c e ,  s t r i k i n g  t h e  sur- 
f a c e  i n  a p o s i t i . o n  from which maxi.mum damage i s  expec ted .  

A f r e e  drop through a d i s t a n c e  of  40 i n c h e s  s t r i k i n g ,  i n  
a p o s i t i o n  from which maximum damage i s  expec ted ,  t h e  top  end 
o f  a v e r t i c a l  c y l i n d r i c a l  mild s t e e l  b a r  mounted on an e s sen -  
t i a l l y  u n y i e l d i n g  h o r i z o n t a l  s u r f a c e .  The bat- s h a l l  be 6 
i n c h e s  i n  d i a m e t e r ,  w i t h  t h e  top  horizontal .  and i t s  edge 
rounded t o  a r a d i u s  of  no t  more than  1./4 i nch ,  and o f  such a 
l e n g t h  a s  t o  c a u s e  maximum change t o  the package, b u t  n o t  l e s s  
tha.n 8 i n c h e s  long .  The long  a x i s  o f  the b a r  shal.1. be  normal 
t o  t h e  package s u r f a c e .  

Exposure f o r  t h i r t y  minutes  w i t h i n  a s o u r c e  of  r a d i a n t  
h e a t  h a v i n g  a t e m p e r a t u r e  of  1,475 d e g r e e s  F. and an e m i s s i v i t y  
c o e f f i c i e n t  o f  n i n e - t e n t h s ,  o r  e q u i v a l e n t  . For c a l c u l a t i o n a l  
pu rposes ,  i t  s h a l l  be  assumed t h a t  t h e  package h a s  an  absorp-  
t i o n  c o e f f i c i e n t  o f  e i g h t - t e n t h s ,  The package s h a l l  n o t  be  
coo led  a r t i f i c i a l l y  u n t i l  a f t e r  t h e  t h i r t y - m i n u t e  t e s t  p e r i o d  
h a s  e x p i r e d  and t h e  t empera tu re  a t  t h e  c e n t s r  o f  t h e  package 
h a s  begun to f a l l .  

a t  l eas t  3 f ee t .  
Immersion in w a t e r  f o r  twent:y- fol .~r  h o u r s  to a d e p t h  o f  

i n  add . i t i on  t o  t h e  1oad.s tha- t  may r e s u l t  f rom t h e  above a c c i d e n t  c o n d i t i o n s ,  

t h e  cask 1i.d must a.l.so contai.ri the iu te - rna l .  p r e s s u r e  o f  t h e  c a s k ,  
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The most w ide ly  used cask l i d  i s  a b o l t e d  f l a n g e  type,  as shown i n  

F i g .  1. The c l o s u r e  c o n s i s t s  o f  a l i d  f l a n g e ,  s h i e l d  p l u g  ( u s u a l l y  

s t epped)  a t t a c h e d  t o  t h e  l i d  fl-ange, g a s k e t ,  and r e t a i n i n g  b o l t s  o r  

s t u d s .  T h i s  t ype  c l o s u r e  h a s  proved s a t i s f a c t o r y  i n  that  i.t is economi- 

c a l  t o  f a b r i c a t e  and e a s y  t o  assemble,  and i t  h a s  perr'ormed w e l l .  

LIFTING EYE ORNL DWG 66-10108 

,,,- GASKET 

PLUG 

F i g .  1. T y p i c a l  Top C l o s u r e  f o r  Sh ipp ing  Casks.  

There a r e  t h r e e  a r e a s  o f  the t o p  c l o s u r e  t h a t  r e q u i r e  s t r e n g t h  c a l  cu- 

l a t i o n s  t o  e s t a b l i s h  a d e s i g n  f o r  a t y p i c a l  l i d  t h a t  w i l l  meet t h e  condi-  

t i o n s  o f  t h e  Atomic Energy Commission r e g u l a t i o n  10 CFR 7 1 .  These areas 

a r e  (I) t h e  g a s k e t ,  (2)  t h e  r e t a i n i n g  s t u d s  o r  b o l t s ,  acid ( 3 )  t h e  f l a n g e s  

on t h e  l i d  and t h e  c a s k .  The a n a l y s e s  f o r  t h e s e  v a r i o u s  a r e a s  are g iven  

i n  t h e  following c h a p t e r s ,  and t h e  r e s u l t s  a r e  summarized i n  Chap te r  5. 
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2 .  GASKET SELECTION AN13 .[)ES&GN 

The gasket: or seal  must be des igned  ~ C J  s a t i s f y  bo th  normal and 

a c c i d e n t  c o n d i t i o n s  o f  o p e r a t i o n .  M a i n t a i n i n g  t h i s  seal .  d u r i n g  t h e  

a c c i d e n t  c o n d i t i o n s  p o s t u l a t e d  i n  t h e  Atomic Energy Commission r e g u l -  

la l r ion 1~0 CFR 71 i s  v e r y  d i f f i c u 1 . t  because of  (I) t h e  3 0 - f t  impact o f  

t h e  c a s k  o n t o  an u n y i e l d i n g  s u r f a c e  and ( 2 )  t h e  30-minute f i r e  t e s t .  

G e n e r a l l y ,  l a r g e  f o r c e s  ant1 hence l a r g e  d i s t o r t i o n  occur  as a r e s u l t  

o f  t h e  3 0 - f t  impact .  These l a r g e  f o r c e s  t end  t o  s e p a r a t e  t h e  l i d  f~:om 

t h e  body o f  t h e  cask.. The re fo re ,  a g r e a t  d e a l  o f  t h e  i n t e g r i t y  o f  t h e  

s e a l  depends upon t h e  d e s i g n  o f  t h e  €1-anges and r e t a i n i n g  b o l t s  o r  

s t u d s .  I f  t h e  l i d  and c a s k  f l a n g e s  are  v e r y  r i -g id  and i f  t h e  b o l t i n g  

h o l d s  t h e s e  f1.anges t o g e t h e r  so t h a t  t h e r e  a r e  no d i s p l a c e m e n t s  between 

t h e  two and i f  t h e  g a s k e t  i s  l o c a t e d  n e a r  t h e  r e t a i n i n g  s t u d s ,  i n  a l l  

l i k e l i h o o d  t h e  sea.1 w i l l  be m a i n t a i n e d ,  I n  a d d i t i o n ,  t h e  g a s k e t  m u s t  

be c a p a b l e  o f  w i t h s t a n d i n g  t h e  h i g h  t empera tu res  r e s u l t i n g  from a 30- 

minute f i r e  t e s t ,  

Gaske t s  most a p p l i c a b l e  t o  use  as l i d  seals  f a l l .  i n t o  s e v e r a l  basi .c  

groups.  These a r e  

1. f l a t  a s b e s t o s  g a s k e t s ,  

2 .  j a c k e t e d  t y p e s  ( s t e e l  o v e r  a s b e s t o s ,  e t c . ) ,  

3 .  c o r r u g a t e d  m e t a l  wi th  o r  w i t h o u t  s o f t  f i l l e r ,  

4 .  spiral-wound g a s k e t s ,  

5 .  p l a i n  o r  machined f l a t  metal., 

6 .  O- r ing  t y p e  m e t a l l i c  g a s k e t s ,  

7 .  s o l i d  me ta l  wi-iili round o r  s p e c i a l  c r o s s  s e c t i o n .  

The g e n e r a l  c h a s a c t e r i s t i c s  o f  each o f  t h e s e  b a s i c  groups a r e  d i s c u s s e d  

i n  t h e  f o l l o w i n g  pa rag raphs ,  and d e s i g n  i n f o r m a t i o n  p e r t a i n i n g  t o  some o f  

t h e  more cormon t y p e s  o f  g a s k e t s  i s  given i n  Tab le s  1 a n d  2 .  

To maintai.n a f l u i d - t i g h t  j o i n t ,  i t  i s  n e c e s s a r y  t h a t  t.he p a r t s  be 

t i g h t l y  b o l t e d  t o g e t h e y .  The i n i t i - a 1  o r  b o l t i n g - u p  p r e s s u r e  must be 

enough t o  cause  l o c a l  yiel.di.ng o f  t h e  g a s k e t  where i t  i s  i n  c o n t a c t  w i t h  

t h e  a s p e r f . t i e s  o f  t h e  me ta l  f l a n g e  s u r f a c e s .  T h i s  minirnum c o n t a c t  p r e s s u r e ,  

n e c e s s a r y  t o  s e c u r e  a t igh'c j o i n t  ever: f o r  7.ow v a l u e s  o f  t h e  i n t e r n a l .  



T a b l e  1. Design Daca For D i f f e r e n t  Types of  Gaske t sa  

Design Fac ing  
S e a t i n g  S t r e s s  Gc: ske  t 

F a c t o r  Minimum From 
L i m i t a t i o n s  

Type M a t e r i a l  M v Tab le  2 

F l a t  

S p i r a l  3,Jumd Meta l  ’ 
Asbes tos  F i l l e d  

I 

Asbes tos  F i l l e d  

Asbes tos  Cord Cemented 
i n  C o r r u g a t i o n s  

I 
Cor ruga ted  

He t a  i J a c k e t e d ,  
Asbes tos  F i l l e d  

i 
F l a t  MeIa l ,  S e r r a t e d  

o r  Grooved 

w 
F l a t  Me ta l  

A s b e s t o s  
1/8 i n .  t h i c k  
1/16 i n .  t h i c k  
1/32 i n .  t h i c k  

Carbon s t e e l  

S t a i n l e s s  o r  monel 

S o f t  aluminum 

S o f t  coppe r  o r  b r a s s  

I r o n  o r  s o f t  s t e e i  

Monei 

S t a i n l e s s  steels 

S o f t  aluminum 

S o f t  coppe r  o r  b r a s s  

I r o n  o r  s o f t  s t e e l  

Mone-t 

S t a i n l e s s  s t e e l s  

S o f t  aluminum 

S o f t  coppe r  o r  b r a s s  

i r o n  o r  soEt s t e e l  

Monel 

S t a i n l e s s  s t e e l s  

S o f t  aluminum 

Copper 

S o f t  s t e e l  

Monel 

S t a i n l e s s  s t e e l s  

Lead 

S o f t  aluminum 

S o f t  coppe r  or b r a s s  

I r o n  o r  s o f t  s t e e l  

Monel 

S t a i n l e s s  s t e e l s  

2.03 
2 .75  
3.50 

2.50 

3.00 

2 .5  

2.75 

3.0c 

3.25 

3.5 

2.75 

3.00 

3.25 

3.50 

3.75 

3 .25  

3.50 

3.75 

3 .50  

3 .75  

3.25 

3 .5  

3.75 

3.75 

4 .25  

2 .00 

4.00 

L.75 

5.50 

6 .00  

6.50 

1603 
3700 
6503 

2900 

4500 

2900 

3700 

4500 

5500 

6500 

3700 

4500 

5500 

6500 

7600 

5500 

6500 

7600 

8000 

9000 

5500 

6500 

7600 

9000 

10,000 

1400 

6800 

13 ,000  

18 ,000  

21,800 

26,OOC 

l a ,  l b ,  4 ;  
b o n l y  
Coluxn I1 

Column I1 
1 2  o n l y  

Column I1 
12 o n l y  

Column 12 o n l y  II 

l a ,  2 o n l y  
Column I1 

l a ,  l b ,  2 ,  
3 o n l y  
Column I1 

Column T 



c 
.d 

$ r-i 

7
 

U
 

&. .r( 
u 
\
 

n
 

r
. 

0
 

0
 

0
 

\D
 

u
 

J; a
 a 

m 

r
i 
m m 
U

 
In 

0
 

0
 

0
 

W
 

,.I 0
 

m
 

m
 

,-4
 

B
 

m U 
01 

U
 

w
 0
 

k
 
0
 

c 0
 

F-i 



7 

Facing Sketch 
(Exaggerated) 
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ORNL h g  66-10110 
T a b l e  2 .  E f f e c t i v e  Gasket Widtlla 
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Data taken  f rom t h e  "ASME Boi le r  and P r e s s w e  Vessel Code S e c t i o n  V T I I ,  

Unf i r e d  Pr-essure Vessels". 
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ORNL D w ~  66-10111 

Cor ruga ted  Gaske t s  N e t a l  J a c k e t e d ,  S o f t - F i l l e r  G a s k e t s  

P l a i n  m e t a l  g a s k e t  w i t h  c o r r u g a t i o n s  o r  embossed i n t e r r u p t i o n s .  
C o r r u g a t i o n s  a r e  c o n c e n t r i c  w i t h  I D .  Bes t  s u i t e d  f o r  smooth-faced,  
complex o r  n o n c i r c u l a r ,  l o w - p r e s s u r e  (500 p s i )  a p p l i c a t i o n s  such a s  
v a l v e  b o n n e t s ,  a i r c r a f t  g a s  t u r b i n e  f u e l  and combust ion l i n e s ,  e t c .  
A v a i l a b l e  i n  m e t a l  t h i c k n e s s e s  0.010 t o  0 .031 i n . ,  w i t h  c o r r u g a t i o n  
p i t - c h e s  0.045 t o  0 . 2 5 0  i n .  O v e r a l l  g a s k e t  t h i c k n e s s  i s  40-50 pei- 
c e n t  o f  c o r r u g a t i o n  p i t c h .  

I 

Sa;rie as p l a i n  c o r r u g a t e d ,  o n l y  a c o a t i n g  of s e a l i n g  compound i s  
a p p l i e d .  Compound e x t e n d s  p r e s s u r e  l i m i t  t o  1000 p s i .  F l ange  
s u r f a c e  f i n i s h e s  can be somewhat r o u g h e r .  

C o r r u g a t e d  metal g a s k e r  w i t h  a s b e s t o s  c o r d  cemented i n  c o r r u -  
g a t i o n s .  G e n e r a l l y  b e s t  s u i t e d  f o r  low p r e s s u r e  (600  p s i )  on 
r e i a t i v e i y  l a r g e  uneven s u r f a c e s  such as machined Cisnges,  s team 
c h e s t s ,  low p r e s s u r e  h igh  t e m p e r a t u r e  e x h a u s t - g a s  d u c t s ,  e t c .  
A v a i l a b l e  w i t h  5/32, 3/16,  and 1 / 4  i n .  c o r r u g a t i o n  p i t c h  o n l y .  
Thickness i s  65-75 p e r  c e n t  of  p i t c h .  

;??<:>: - &G.. 

One-3iece French Type 

Used f o r  narrow c i r c u l a r  a p p l i c a t i o n s  r e q u i r i n g  
p o s i t i v e  unbroken m e t a l  g a s k e t  f a c e  a c r o s s  f u l l  
i i c l r h .  R e q u i r e s  fla. ige s u r f a c e  f i n i s h  0 :  80 rnib 
o r  b e t t e r  i n  s i z e s  l e s s  t h a n  1 /4  i n .  wide.  Over 
1 / 4  i n .  wide r e q u i r e s  c o n c e n t r i c  s e r r a t e d  f l a n g e  
f a c e .  Minimum g a s k e t  w id th  i s  g a s k a t  t h i c k n e s s  
t imes 1 .5 .  

Two-Piece French Type 

Used f o r  wide or i r r e g u l a r  s h a p e s  n o t  r e q u i r i n g  
p r o t e c t i o n  o f  f i l l e r  a a t e r i a l  o r  a d d i t i o n a l  
f l a n g e  s u p p o r t  at o u t e r  edge ,  T o o l i n g  l e s s  
c o s t l y  than Eor o n e - p i e c e  t y p e .  I n t e r c h a n g e a S l e  
w i t h  o n e - p i e c e  t y p e .  

S i n g l e  J a c k e t  

Used € o r  r e l a t i v e l y  narrow a p p l i c a t i o n s  s i m i l a r  
t o  French type ,  b u t  Midth-diaoiecer l i m i t a t i o n s  
do n o t  a p p l y .  G e n e r a l l y  l e s s  c o s r l y  than French 
t y p e .  Y o n c i r c u l a r  as we:; as c i r c u l a r  shapes  
can b e  f u r n i s h e d .  
d o u b 1 e : a c b e t e d  t y p e .  R e q u i r e s  f l a n g e  s u r f s c e  
f i n i s h  50 r m s  o r  b e t t e r .  

I! o v e r  1 / 4  i n .  wide, u s e  

S p i r a l  Wound Gaske t s  

Double J a c k e t  

'Jsed when comple t e  p r o t e c t i o n  of  t h e  f i  l e t -  m a t e r i a  
i s  r e q c i r e d .  A i s 0  p r o v i d e s  a d d i t i o n a l  s u p p o r t  o f  
f l a n g e  a t  o u t e r  edge by a d d i t i r i n  a f  Lapped ove r  
j a c k e t .  A v a i l a b l e  i n  i r r e g u l a r  n o n c i r c o l a r  shapes  
but  t o o l i n g  more c o s t l y  than  o-cher t y p e s .  For w i d t h s  
l ess  than  5/32 i n . ,  u s e  French o r  s i n g l e - j a c k e t  t y p e .  
R e q u i r e s  f l a n g e  s u r f a c e  f i n i s h  80 r m s  o r  : . l e t te r .  

Cor ruga ted  J a c k e t e d  

J a c k e t  i s  c o r r u g a t e d  t o  i n c r e a s e  i t s  r e s i l i e n c e .  Used f o r  
c i r c u l a r  and m o d e r s t e l y  n o n c i r c i i l a r  shapes  i n  w i d t h s  l / 2  i n .  
and wide r .  S e a l a b i l i t y  b e t t e r  than o t i i e r  t y p e s  because  of  
c o r r u g a t i o n s .  S e a l s b l l i t y  can be f u r r h e r  improved by u s e  
o f  g a s k e t  compound, W i c h  cor r i lga ted  m e t a l  f i l l e r  i i i s t e a d  
o f  a s b e s t o s ,  t e m p e r z t ~ r e  l i m i t e d  o n l y  by me ta l  s e l e c t e d .  

Mod i f  i e d  Double J a c k e t  

Used when c o m p l e t e l y  e n c l o s e d  g a s k e t  i s  r e q u i r e d  i n  w i d t h s  
l e s s  than  t h o s e  a v a i l a b l e  i n  p l a i n  doub le  j a c k e t .  G e n e r a l l y  
n o t  a v a i l a b l e  s m a l l e r  than  1 - L n .  I D .  Also a v a i l a b l e  w i t h  
€ i l l e r  made from meshed m e t a l  w i r e  which i m ? a r t s  more 
r e s i l i e n c e  than  n o n m e t a i l i c  f i l l e r .  

I 

Gene rh l  p u q o s e ,  sp i r a l -wound  gasicei. C o n s i s t s  o f  
p re fo rmed ,  V-shaped s t r i p  o f  m e t a l  which i s  wound 
i n t o  a s p i r a l .  Metal  l a y e r s  a r e  s e p a r a t e d  by a 
f i l l e r ,  l i s u a l l y  a s b e s t o s .  Has good r e s i l i e n c e  and 
s e a i a b i l i t y .  T h i s  t y p e  used  where no c e n t e r i n g  o r  
cor:ipression l i m i t i n g  d e v i c e  i s  r e q u i r e d .  A l s o  used 
i n  m e t a l - t o - m e t a l  j o i n t s .  

Spiral-wound g a s k e t  p r o v i d e d  w i t h  a s o l i d  
m e t a l  c e n t e r i n g  and compress ion  l i m i t i n g  
r i n g  3r .Tund t h e  o u t e r  e d g e ,  Used where 
g a s k e t  musi: be l o c a t e d  rrmoCe from t h e  
b o l t s  01- o t h e r  c e n t e r i n g  means and when 
i t  i s  i m p o r t a n t  t o  l i m i t  c o n p r e s s i o n  
b e c s u s e  o f  possLb le  o v e r - b o l t i n g ,  con- 
t r o l  o f  s t a c k - h e i g h t ,  e:c. For  c i o s u r e s  
w i t h  c i r c u l a r  o r  modera re ly  n o n c i r c u l a r  
b o r e s  and n o n c i r c u l s r  o u c e r  p e r i m e t e r ,  
t h e  s o i i d  m e t s l  r i n g  can be inade t o  t h e  
r e q u i r e d  c o n f i g u r a t i o n  ond b o l t  h o l e s  
d r i l l e d  th rough  i t  i f  n e c e s s a r y .  

S p i r a l - w o u n ~  g s s k e t  w i t h  i n n e r  and 
o u t e r  compression l i m i c i n g  r i n g s  o f  
s o l i d  me ta l  f o r  t h e  most extreme 
o p e r a t i n g  c o n d i t i o n s  ~ Rings f i l l  
space  between f l a n g e  f a c e s  which 
might  o t h e r w i s e  a l l o w  e x c e s s i v e  
t u r b u l e n c e  o r  e r o s i o n  uf  i a c i n g s .  

Spiral-woL)nd g a s k e t  wish l i g h t w e i g h t  
m e t a l  d e v i c e s  to c e n t e r  t h e  g a s k e t  withobc 
r e s t r i c t i n g  compression.  gsed i n  non- 
c r i t i c a l  o r  l i g h t l y  b o l t e d  a s s e m b l i e s  
where t h e r e  i s  no p o s s i b i l i t y  of  o v e r  
halting o r  o v e r  co lnpress ion .  Many 
d i f f e r e n t  c e n t e r i n g  d e v i c e  con-  
f i g u r a t i o n s  a r e  a v a i l a b l e .  

Fig. 2. Jacketed, Corrugated-Netal, and Spiral-Wound Gaskets (from Machine Design, Seals Reference Issue, 36 (6) June. 1964) .  
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s e r v i c e ,  and t h e  a c t u a l  t e m p e r a t u r e  l i m i t  depends upon t h e  t e m p e r a t u r e  

limits of  t h e  f i l l e r  and metal of the g a s k e t .  

The a s b e s t o s  f i l l e r s  are g e n e r a l l y  n o t  c o n s i d e r e d  s u i t a b l e  f o r  

a p p l i c a t i o n s  where t h e  a c t u a l  t e m p e r a t u r e  o f  t h e  g a s k e t  exceeds  850'F 

and where t h e  assembly i s  s u b j e c t e d  t o  c y c l i c a l  t e m p e r a t u r e  and p r e s s u r e  

v a r i a t i o n s .  However, t h e r e  are  many s a t i s f a c t o r y  i n s t a l l a t i o n s  where 

l i n e  t e m p e r a t u r e s  have been a s  h i g h  a s  1300'F f o r  s u s t a i n e d  p e r i o d s  

o f  o p e r a t i o n .  

c a l l e d  "ceramic f i b e r "  f i . l l e r s  are  a v a i l a b l e ,  and when used w i t h  a 

s u i t a b l e  me ta l ,  t h e y  expand t h e  t e m p e r a t u r e  l i m i t s  t o  about  1600'F.l 

For g a s k e t  t e m p e r a t u r e s  above t h e  850'F' r ange ,  so- 

Normally,  these t w o  t y p e s  o f  g a s k e t s  r e q u i r e  a modera t e ly  h i g h  

s e a t i n g  s t ress ,  and t h e r e f o r e  t h e  f l a n g e s  must be v e r y  r i g i d  and have 

s u f f i c i e n t  b o l t i n g  capac j - ty .  

F l a t ,  Round, and S p e c i a l - C r o s s - S e c t i o n  S o l i d  Metal  Gaske t s  

The f l a t ,  round, and s p e c i a l - c r o s s - s e c t i o n  t y p e s  o f  s o l i d  m e t a l  

g a s k e t s  a r e  i l l u s t r a t e d  i n  F ig .  3 .  AI.]. of  t h e s e  t y p e s  seal  by v i . r t u e  

o f  t h e  f low o f  t h e  g a s k e t  s u r f a c e  caused by b r u t e - f o r c e  compressive 

l o a d s .  The l o a d s  must a c t u a l l y  exceed t h e  y i e l d  s t r e n g t h  of t h e  g a s k e t  

m e t a l  on t h e  g a s k e t - c o n t a c t  a r e a .  T h e r e f o r e ,  t h e  s u r f a c e  f i n i s h  o f  

b o t h  t h e  f l a n g e s  and t h e  g a s k e t  i s  v e r y  i m p o r t a n t .  

For  t h e  b e s t  performance,  f l a - t  p l a i n  m e t a l  g a s k e t s  shou ld  be  used 

between f l a n g e  f a c e s  w i t h  c o n c e n t r i c  s e r r a t e d  s u r f a c e s .  I f  t h i s  i s  n o t  

p r a c t i c a l ,  a v e r y  l i g h t - c u t  s p i r a l  t o o l  f i n i s h  o f  80 mic ro inch  r m s  may 

be  used.  For  s o l i d  m e t a l  g a s k e t s  w i t h  a round c r o s s  s e c t i o n  and f l a t -  

f a c e d  f l a n g e s ,  t h e  s u r f a c e  f i n i s h  o f  t h e  f l a n g e s  shou ld  b e  80 m:i.cso- 

i n c h  r m s  o r  b e t t e r .  I f  one f1.ange ha-s a V-shaped groove, t h e  o t h e r  

should be f l a t .  T h e  volume o f  t h e  V-groove shou ld  be  l e s s  t h a n  t h e  

volume o f  t h e  g a s k e t  so t h a t  t h e r e  i s  no p o s s i b i l i t y  o f  me ta l - to -me ta l  

c o n t a c t  o f  t h e  f l a n g e s .  The s u r f a c e  f i n i s h  o f  t h e  f l a n g e s  should be  a 

maximum of  150 t o  200 mic ro inch  r m s . '  

----._I 

'Machine Design,  Sea1.s Refe rence  I ssue ,  3 6 ( 6 )  : 19(June 1964) .  
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Flat Metal  Gaskets  

P l a i n ,  s o l i d ,  f l a t  gaske t .  Probably more wide ly  used than  any 
o t h e r  type where c o m p r e s s i b i l i t y  i s  not r e q u i r e d  t o  compensate 
f o r  f l a n g e  s u r f a c e  f i n i s h ,  warpage o r  misal ignment ,  and s u f f i -  
c i e n t  c lamping f o r c e  i s  a v a i l a b l e  f o r  the m e t a l  s e l e c t e d .  Can 
be f a b r i c a t e d  i n  any d e s i r e d  c o n f i g u r a t i o n .  Unless  t h e  gaske t  
i s  :nachine formed, wid th  shokld  b e  a t  l eas t  m e t a l  t h i c k n e s s  
p l u s  50 p e r  c e n t .  There a r e  no l i m i t a t i o n s  on f i a t  g a s k e t  
dimensions. However, widrch of  m e t s l  shes-  commercial ly  a v a i l -  
a b l e  nay l i m i t  s i z e  and r e q u i r e  .gelding t o  o b t a i n  gaskeEs 
beyond c e r t a i n  s i z e s .  

S e r r a t e d  o r  grooved, f l a t  n e t a l  g a s k e t ,  Used when a s o l i d  
m e t a l  gaske t  i s  r e q u i r e d  because 3 2  p r e s s u r ?  ( r a d i a l  s t r e n g t h ) ,  
temperature ,  o r  t h e  h i g h l y  c o r r o s i v e  a t t a c k  oT t h e  conf ined  
f l u i d ,  and b o l t i n g  f o r c e  i s  not  s u f f i c i e n t  t o  seal a f l a t  
gaske t .  Another a p p l i c a t i o n  i s  i n  screwed c l o s u r e s  where 
t h e  r e l a t i v e l y  s m a l l  c o n t a c t  a r e a  o f  t h e  t h i n  s e r r a t i o n  
peaks keeps  f r x c t i o n  down t o  a l e v e l  low enough t o  seal  t h e  
j o i n t .  A v a i l a b l e  i n  some s imple n o n c i r c u l a r  shapes.  Gen- 
e r a l l y  3 / 6 4  i n .  o r  t h i c k e r .  

Delta 

T h i s  g a s k e t  o p e r a t e s  on t h e  unsupported 
a r e a  p r i n c i p l e .  It i s  main ly  a p r e s s u r e  
v e s s e l  o r  valve-bonnet  gasker .  Groove a n t  
gaske t  dimensional  c o n t r o l  are too p r e c i s e  
and c o s t l y  to  a l l o w  i t s  u s e  as a p i p i n g  
gaske t .  It  i s  u s e f u l  i n  t h e  p r e s s u r e  range  
5000 p s i  aiid up. 

The  gaske t  i s  mounted i n  a t r i a n g u l a r -  
shaped groove, w i t h  t h e  apex o f  t h e  
t r i a n g l e  outward. The groove i s  shaped 
so t h a t  o n l y  two p o i n t s  of  t h e  t r i a n g l a r  
g a s k e t  c o n t a c t  t h e  groove d u r i n g  i n i t i a l  
s e a r i n g .  The two p o i n t s  deform under  
s e a t i n g  p r e s s u r e ,  caus ing  t h e  i n i t i a l  seal. 

When pressl ; re  Ls  a p p l i e d ,  t h e  exposed 
i n n e r  p e r i p h e r y  of  r h e  g a s k e t  reacts, and 
t h e  g a s k e t  f l e x e s  about  t h e  two c o n t a c t  
p o i n t s .  The i n n e r  p e r i p h e r y  t e n d s  t o  
become curved, and t h e  s i d e s  of  t h e  t r i -  
a n g l e  wedge i n t o  t h e  groove, i n c r e a s i n g  
t h e  e f f e c t i v e n e s s  o f  t h e  seal. 

Round Cross-Sec t ion  S o l i d  Metal  Gaskets  

Round c r o s s - s e c t i o n ,  w i r e  r i n g .  Used on v a l v e  bonnets ,  a i r  
o r  g a s  compressors ,  vacuum pumps, and a c c e s s o r y  connec t ions .  
F langes  are u s u a l l y  grooved t o  l o c a t e  g a s k e t  d u r i n g  assembly. 

Wire c o r e  p a r c i a l l y  wrapped wtrh  a j a c k e t  0 2  t h e  same o r  s o f t e r  
m e t a l .  For  u s e  between nongrooved f l a n g e s ,  o u t e r  edge of  j a c k e t  
p r o v i d e s  means of  c e n t e r i n g  on f l a n g e  b o l t s .  Also a l l o w s  u s e  of 
s o f t  metal  j a c k e t s  f o r  s e a l a b i l i t y  and hard  metal c o r e  f o r  r a d i a l  
re i n  i o  r cenien t . 

Used i n  f u l l - f a c e d  a p p l l c a t i o n s  where f l a n g e  d i g h i n g  would b e  
e x c e s s i v e  w i t h  o t h e r  round s e c t i o n  types.  I n n e r  w i r e  c r o s s  
sect;ion normally about  0.020 in .  h e a v i e r  than o u t e r  w i r e .  
Assures  f u l l  i n i t i a l  s e a t i n g  load  a t  g a s k e t  I D ,  bu t  o u t e r  b u l b  
r e s t r i c t s  t h e  amount of  f l a n g e  bending. 3 o l t  h o l e s  are i n  
connec t ing  web o r  j a c k e t .  E s p e c i a l l y  u s e f u l  i n  l a r g e  d iameter  
vacuum cquipinent c o s t l y  t o  p r o v i d e  wi th  s p e c i a l  f l a n g e  f a c i n g s .  

S o l i d  Metal, tleavy C r o s s - s e c t i o n  Gaskets  

B r  i d  geman 

A t y p e  o f  p r e s s u r e  a c t i v a t e d  g a s k e t  f o r  
p r e s s u r e - v e s s e l  heads and v a l v e  bonnets .  
Used f o r  p r e s s u r e s  1530 p s i  and up. Also 
h a s  been adapted t o  p i p i n g  j o i n t s  s u b j e c t  
t o  extreme tempera ture  shock c o n d i t i o n s .  
A Bridgeman g a s k e t  may b e  one of s e v e r a l  
d e s i g c s ,  t h e  name r e f e r r i n g  t o  t h e  t y p e  
of  c l o s u r e .  The g a s k e t  i s  supported 
a g a i n s t  t h e  p e r i p h e r y  o f  t h e  head and 
t h e  v e s s e l  w a l l ,  in such a way t h a t  i n -  
c r e a s i n g  p r e s s u r e  m a g n i f i e s  t h e  f o r c e  
h o l d i n g  t h e  g a s k e t  i n  p l a c e .  Therefore ,  
t he  f o r c e  t e n d i n g  t o  s e c u r e  t h e  s e a l  i s  
slwaya g r e a t e r  by some f i x e d  amounx than 
t h e  t n t e r n a l  p r e s s u r e  i n  t h e  v e s s e l .  
f iequires  f i n e  to le rances .and  c a r e f u l  
har idl ing t o  e f f e c t  s a t i s f a c t o r y  seal. 
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Oval o r  Octagonal  

Used i n  h i g h  p r e s s u r e  p i p i n g  systems and 
p r e s s u r e  v e s s e l s .  Range 1000 t o  10,000 
p s i .  E x c e l l e n t  mechanical  j o i n t ,  Very 
h i g h  g a s k e t  p r e s s u r e s  can be o b t a i n e d  w i t h  
moderate  b o l t  l o a d s .  t s r d  o n l y  i n  r i n g -  
g a s k e t  j o i n t s ,  The s t a n d a r d  g a s k e t s  a r e  
n o t  p r e s s u r e  a c t u a t e d .  The EX modif ica-  
t i o n  o f  t h e  oc tagonal  c r o s s  s e c t i o n  w a s  
developed €or a i l f i e l d  d r i ; l i n g  and pro-  
d u c t i o n  equipment a t  p r e s s u r e s  E O  15,0@0 
p s i .  The 3X des ign  i s  p r e s s u r e  ac tuaced .  

LeriB Ring 

The l e n s  gasket  i s  a l i n e  c o n t a c t  seal Tor 
h i g h - p r e s s u r e  p i p i n g  systems,  v i t h  some 
a p p l i c a t i o n  i n  p r e s s u r e - v e s s e l  heads. 
There are many m o d i f i c a t i o n s  o f  t h e  b a s i c  
l e n s  r i n g .  The most popular  'leiis r:ng has 
s p h e r i c a l  f a c e s  a s  shown above, and i s  
used between f i a n g e s  w i t h  s t r a i g h t  t a p e r e d  
(20 deg , )  f a c e s .  The l i n e  of  c o n t a c t  
between gaske t  and f l a n g e  f a c e s  i s  a t  a 
p o i n t  approximately 1/3 of  t h e  way a c r o s s  
t h e  g a s k e t  f a c e ,  

Rings have been made w i t h  s t i f f e n l n g  
r i n g s  added t a  t h e  b a s i c  l e n s  r i n p ,  b u t  
t h e  s t t f f e n i n g  r i n g s  seem t o  be of  l i t t l e  
ga lue .  Hollowed-out l e n s  r i n g s ,  l e n s  
r i n g s  w i t h  a groove c u t  on ilhe i n n e r  
p e r i p h e r y  have been used on t h e  :heory 
t h a t  i n t e r n a l  p r e s s u r e  w i l l  "ba l loon  out"  
t h e  r i n g  and i n c r e a s e  i t s  e f f e c t i v e n e s s .  
Hollowed-out l e n s  r i n g s  v o r k  s a t i s f a c t o -  
r i l y ,  b u t  t h e i r  t o l e r a n c e s  and hardness  
are v e r y  c r i t i c a l .  

Kardness o f  t h e  convent iona l  l e n s  r i n g  
v a r i e s  w i t h  t h e  meta l  r e q u i r e d  f o r  t h e  
s e r v i c e  c o n d i t i o n s .  Genera l ly  -he r i n g  
should be s o f t e r  than  t h e  f l a n g e s .  

Fig. 3. Types of S o l i d  Metai Gaskets (from Machine Design, Seals Reference Issue,  36(63  June 1964.) .  
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Each o f  t h e  o t h e r  s p e c i a l  c r o s s  s e c t i o n  t y p e s  o f  g a s k e t s  shown i n  

F i g .  3 r e q u i r e s  a f i n e  s u r f a c e  f i n i s h  and c l o s e  t o l e r a n c e  c o n t r o l  a l o n g  

w j  tli careful .  assembly. The maximum t e m p e r a t u r e  limits recommended f o r  

con t inuous  service o p e r a t i o n  o f  some o f  t h e  m a t e r i a l s  used f o r  so l id .  

metal  g a s k e t s  a r e  g iven  i n  Tab le  3.  

Tab le  3 .  Temperature L i m i t s  of  M e t a l l i c  
Gasket M a t e r i a l s  (from Ref .  1) 

I 

Maxiriium 
Temperature 

M a t e r i a l  (OF) 

Lead 
Common b r a s s e s 
Copper 
Aluminum 
S t a i n l e s s  s t ee l  type  304 
S t a i n l e s s  s t e e l  type  316 
S o f t  i r o n ,  l o w  carbon s t e e l .  
S t a i n l e s s  s tee l  t y p e  502 
S t a i n l e s s  s t e e l  t y p e  410 
S i l v e r  
N i c k e l  
Mone 1 
S t a i n l e s s  s tee l  t y p e  309 
, , S t a i n l e s s  s t e e l  type  321 
S t a i n l e s s  s t ee l  t y p e  347 
I n c o n e l  

212 
500 
600 
800 
800 
800 
1000 
1150 
1200 
1200 
1400 
1500 
1600 
1600 
1600 
2000 

0-Ring Type M e t a l l i c  Gaske t s  

Three  t y p e s  o f  m e t a l l i c  O - r i n g  g a s k e t s  are  i l l u s t r a t e d  i n  F i g .  4 .  

Under o p e r a t i n g  c o n d i t i o n s ,  ho l low m e t a l l i c  O- r ing  g a s k e t s  p o s s e s s  c e r t a i n  

c h a r a c t e r i s t i c s  t h a t  s t a t i c  rubbe r  O- r ings  do n o t  p o s s e s s .  Under v e r y  

h i g h  p r e s s u r e s ,  c l e a r a n c e s  f o r  r u b b e r  O- r ings  must b e  p r o h i b i t i v e l y  

s m a l l  t o  p r e v e n t  rubbe r  e x t r u s i o n s ,  and u s e  o f  t h e  rubbe r  O- r ing  i s  

l i m i t e d  t o  t e m p e r a t u r e s  below t h e  decomposi t ion t e m p e r a t u r e  o f  t h e  

r u b b e r  .l 
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P l a i n ,  Sea led  M e t a l l i c  0-Ring 

Used f o r  fu l - ly -conf ined  o r  semi-conf ined  
d e s i g n s .  When used  i n  f u l l y - c o n f i n e d  
ri.ng j o i n t s ,  s t a n d a r d  m e t a l l i c  O- r ings  
and p r e s s u r e  filled O-r ings  a r e  u s e f u l  
a t  t empera tu res  from -42O0F t o  +3000°F. 
They wil l .  s e a l  vacuum, p r e s s u r e ,  c o r r o -  
s i v e  l i q u i d s ,  and g a s e s .  S t a n d a r d  
metaSl.ic O- r ings  w i l l  n o t  s e a l  i n  semi- 
conf ined  d e s i g n s  t o  the same h igh  temper- 
a t u r e  and p r e s s u r e  as a p r e s s u r e  f i l . l e d  
0- ring, b u t  t h e y  a re more economics I .  

S e 1 f - Ene r g  i z i n g  Me t a I. 1 i c 0 - Rings  

Used e x c l u s i v e l y  f o r  semi-conf ined  
des ig i i s .  
small. ho les ,  t h e r e f o r e ,  p r e s s n r e  i n s i d e  
the  r i u g  i s  t h e  same a s  t h e  p r e s s u r e  i n  
t h e  sys tem.  S ince  s e a l i n g  occurs  a t  two 
u p p e r  and lowcr p o i n t s ,  i n c r e a s i n g  t h e  
i n t e r n a l  p r e s s u r e  c a u s e s  r i n g  t o  be  
crammed i n t o  groove,  i n c r e a s i n g  s e a l i n g  
e f f e c t i v e n e s s  ~ 

I r iner  p e r i p h e r y  i s  ven ted  by 

P r e s  s u r  e - F i S 1 e d -Me t a 1 I i c 0 - Ring 
Used f o r  fnl1.y-confined or semi-confined 
d e s i g n .  R i n g  i s  f i l l e d  wi.th an i n e r t  
g a s  at  u s u a l l y  a b o u t  600 p s i .  A t  e l e -  
v a t e d  t e m p e r a t u r e s  t h e  gas  p r e s s u r e  
i n c r e a s e s ,  o f f s e t t i l i g  the  i n h e r e n t  l o s s  
o f  s t r e n g t h  i.n t u b i n g  a t  h i g h  tempera-  
tures,  a i d  a c t u a l l y  i r i c r e a s i n g  the 
r e s i l i e n c e .  T h i s  r i n g  cannot  suppor t  
t h e  p r e s s u r e  t h a t  t h e  s e l E - e n e r g i z i n g  
r i n g  can endure ,  b u t  i t  i.s u s e f u l  i n  
t h e  t e m p e r a t u r e  range o f  800°F t o  1500OF. 

~- 

F i g .  4.  Three Types o f  IIOllOW M e r a l l i c  &Rings  ( f rom Machine Design, 
Re fe rence  Issue, 36(6) June  1.964). 

The ho l low doughnut-shaped metall ic O-r ing i s  made by forming a me ta l  

t ube ,  u s u a l l y  i n  a hoop shape, we ld ing  t h e  ends  t o g e t h e r ,  and then g r i n d -  

i.ng t h e  v e l d  f l u s h .  

s imi l a r  t o  t h a t  o f  rubbe r  b u t  w i t h o u t  t h e  c r i t i c a l  temperature.  l i m i t a t i o n ,  

and t h e y  a r e  rised l i k e  gaskets i n  s t a t i c  j o i n t s .  

s t a t i c  r i n g  j o i n t s  f o r  m e t a l l i c  O- r ings :  f u l l y  c o n f i n e d  gasket j o i n t s  

These O- r ings  have a n a t u r a l  r e s i l i e n c y  son~ewhat 

There a r e  two types o f  
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and semi-confined j o i n t s .  

dent  upon good compress ive  f o r c e s  i n  t h e  f l a n g e  f a c e s  t o  c r e a t e  c o l d  flow 

o f  t h e  metal-. T h i s  c o l d  f low c r e a t e s  t h e  seal.  j u s t  a s  i n  an o r d i n a r y  g a s k e t .  

O- r ings  used  i n  b o t h  t y p e s  o f  j o i n t s  a r e  depen- 

Semi-confined j o i . n t s  a r e  t h e  most o f t e n  used  w i t h  hol low m e t a l  O-r ings .  

I n  t h e s e  j o i n t s ,  t h e  r i n g  i s  squeezed i n  o n l y  one p l a n e .  

g land  i s  shaped so tha‘r. t h e  r i n g  i s  d i s t o r t e d  o u t  of  round when t h e  j o i n t  

i s  t i g h t e n e d ,  and s e a l i n g  o c c u r s  on t h e  two f l a t t e n e d  f a c e s  o f  t h e  r i n g .  

I t  i s  p o s s i b l e  t o  u s e  d e s i g n s  t h a t  s e a l  on the o u t s i d e  o r  i n s i d e  d i a m e t e r  

o f  t h e  O-r ing,  b u t  t h e s e  a p p l i c a t i o n s  a r e  more d i f f i c u l t .  

The groove OL- 

A t y p i c a l  f u l l y  c o n f i n e d  j o i n t  f o r  a ho l low me ta l  O-r ing  i s  formed 

by machining two V-grooves i n  matching f l a n g e  f a c e s ,  a s  i l l u s t r a t e d  i n  

F i g .  5 .  T h i s  j o i n t  resembles  t h e  r i n g  j o i n t  used w i t h  o r d i n n r y  s o l i d  

m e t a l  r i n g s .  The volutiie of  t h e  V-groove i s  about  equal. t o  t h e  volume 

o f  t h e  O-r ing .  When t h e  j o i n t  i.s b o l t e d  down, t h e  O- r ing  i.s d i s t o r t e d  

t o  a round-cornered s q u a r e  shape,  and when t h e  clamping f o r c e s  a re  

r e l e a s e d ,  t h e  r i n g  n e v e r  f u l l y  r e c o v e r s  i t s  round shape .  Although t h i s  

joint :  p r o v i d e s  a good s e a l ,  t h e  c o n c e n t r i c i t y  r equ i r emen t s  are c r i t i c a l . ,  

which makes t h e  j o i n t  expensive.’  

ORNL Dwg 66-10114 

(a) (b) 

F i g .  5 .  T y p i c a l  F u l l y  Confined J o i n t  f o r  a Hollow Metal 0-Ring.  

( a )  Matching V-Grooves arc) Marhined i n  t h e  Flange F a c e s ,  and (b) When 
Bo l t ed  Down, t h e  0-Ring i s  D i s t o r t e d  t o  a Round-Cornered Square.  (From 
R e f .  1) 

M e t a l l i c  O-iings a r e  u s u a l l y  made f rom one o f  t h e  L y g e s  O F  s t a i n l e s s  

s t e e l s ,  w i t h  Typn 3?1 b e i n g  t h e  m o s t  commonly u s e d .  Type 321 s t a i n l e s s  i s  

t k t a il i um- s t ab i 1 i z e d , wh i c h p r e v  en t 5 c a r b  i d  P p r e  c i p i t a t i on du r i ng wc 1 d i n g  . 
O t h e r  m e t a l s j  such a s  aluminum and copper  a r e  a v a i l a b l e .  

Hollow m e t a l l i c  O-r ings  a l e  o f t e n  used w i t h  a c o a t i n g  t o  i n c r e a s e  

s e a l i n g  e f f e c t i v e n e s s  i n  grooves w i i h  poor  f i n i s h .  Coat ings  o f  s i l v e ~  
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and o t h e r  meta ls  are sometimes used .  

s e i z i n g  o r  g a l l i n g  when the r i n g s  are used i n  screwed c l o s u r e s  and i3re 

mandatory t o  p r o v i d e  an e f f e c t i v e  s e a l  a g a i n s t  g a s e s .  

These c o a t i n g s  h e l p  t o  p r e v e n t  

For  vacuums, u s e  a p l a i n  s t a i n l e s s  s t ee l  r i n g  w i t h  a s i l v e r  c o a t i n g .  

For p r e s s u r e s  up t o  100 p s i  u s e  a p l a i n  r i n g  w i t h  medium wall t h i c k n e s s .  

For p r e s s u r e  100 t o  40,000 p s i ,  and above, u s e  a s e l f - e n e r g i z i n g  r i n g  

w i t h  a s t r o n g  w a l l .  C o a t i n g s  a r e  n e c e s s a r y  on r i n g s  s e a l i n g  g a s e s  o r  

v o l a t i l e  l i q u i d s .  The f l u i d  s e a l e d  d e t e r m i n e s  t h e  n e c e s s i t y  f o r  c o a t i n g  

o r  p l a t i n g  O- r ings  as f o l l o w s ,  

1. L u b r i c a t i n g  o i l s  and heavy l i q u i d s  can b e  s e a l e d  w i t h  an u n p l n t e d  

r i n g .  

2 .  Gases, vacuums, and l i g h t  l i q u i d s  such a s  water r e q u i r e  a c o a t i n g  

o r  p l a t i n g  as f o l l o w s :  

a .  

b .  

c. i f  s i l ve r  i s  n o t  compa t ib l e  w i t h  f l u i d  - c o n s u l t  O- r ing  

-430 t o  1300'F - s i l v e r  p l a t i n g ,  

above 1300°F - c o n s u l t  O-r ing rnanuTacturer, 

manufac tu re r .  

A t  v c r y  c o l d  t empera tu res ,  f l a n g e s ,  b o l t s ,  and O- r ings  shou ld  be made 

Temperature  d e t e r m i n e s  t h e  b a s i c  O- r ing  m a t e r i a l  a s  o f  t h e  same ma te r i a l .  

f 01 1 ows : 

a .  -430 t o  45Q°F - Type 321 s t a i n l e s s  s t e e l ,  

b .  450 t o  80Q0P - I n e o n e l ,  

c .  800 t o  1300°F - Inconel  X, 

d ,  above 130Q°F - c o n s u l t  O- r ing  manufac tu re r .  

The t h i c k n e s s  oE t h e  wall o f  t h e  t u b i n g  used  t o  form t h e s e  O-r ings 

p r o v i d e s  t h e  n e c e s s a r y  r e s i s t a n c e  t o  compression t h a t  c r e a t e s  t h e  i n i t i a l  

s e a l .  

o f  t h e  m a t e r i a l  t o  be  c o n f i n e d .  Heavy l i q u i d s  arc t h e  easiest t o  s e a l  

and can be  c o n f i n e d  w i t h  t h i n - w a l l e d  r i n g s .  

s t r o n g ,  o r  heavy-wall  r i n g .  The s t r o n g - w a l l  r i n g s  can suppor t  h e a v i e r  

f l a n g e  l o a d s ,  and consequen t ly ,  t h e y  p r o v i d e  t i g h t e r  seals n 1  

The w a l l  t h i c k n e s s  r e q u i r e d  depends a g r e a t  d e a l  upon t h e  n a t u r e  

Gases  r e q u i r e  a c o a t e d ,  

The amount of c r o s s - s e c t i o n a l  squeeze o r  compression r e q u i r e d  t o  

a s s u r e  a p r o p e r  seal  i s  governed by t h e  p r e s s u r e  and t e m p e r a t u r e  t o  which 

t h e  r i n g  w i l l  b e  exposed. The a c t u a l  amount o f  c r o s s - s e c t i o n  compression 
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r e q u i r e d  f o r  s c a l i n g  v a r i e s  between 21) and 30% o f  t h e  tube  d i ame te r ,  and 

t h e  amount oE compression io rce  r e q u i r e d  t o  a c h i e v e  t h i s  squeeze v a r i e s  

w i t h  t h e  O-r ing m a t e z i a l  and w a l l  t h i c k n e s s  o f  t he  tube .  The ave rage  

n a t u r a l  r e s i l i e n c y  and s e a t i n g  f o r c e  r e q u i r e d  for t u b i n g  of d i f f e r e n t  mate- 

r i a l s  and s i z e s  w i t h  v a r y i n g  w a l l  t h i c k n e s s e s  are given i n  Tab le  4 .  

c r o s s  s e c t i o n  o f  t u b i n g  r e q u i r e d  i s  determined by t h e  o u t s i d e  d i a m e t e r  o f  

t h e  r i n g  and t h e  space  a v a i l a b l e . ’  The b e s t  way of l i m i t i n g  t h e  squeeze 

i s  by hous ing  t h e  r i n g  i n  a r e c e s s  o r  groove i n  one o f  t h e  f l a n g e  f a c e s .  

Another method i s  t o  house t h e  O-r ing i n  a metal back-up r i n g ,  as i l l u s -  

t r a t e d  i n  F i g .  6 .  

The 

ORNL Dwg 66-10115 

F i g .  6 .  H o l l o w  M e t a l l i c  0-Ring With Back-up Ring Used t o  X A i m i t  t h e  
Amount o f  Squeeze Experienced By t h e  0-Ri-ng. 
Mechanical Support ,  and When t h e  Q-Ring i s  Compressed, It Flows Outward 
Against  t h e  I n s i d e  Diameter o f  t h e  Hack-Up Ring. 

The Back-up King P r o v i d e s  

Flange and groove s u r f a c e s  t h a t  c o n t a c t  t h e  O- r ing  must have a 

s u r f a c e  f i n i s h  of  32  mic ro inches  r m s  o r  b e t t e r .  Tool o r  g r i n d i n g  marks 

m u s t  be  c o n c e n t r i c  w i t h  t h e  r i n g .  Care shou ld  be e x e r c i s e d  d u r i n g  

assembly t o  a s s u r e  t h a t  t h e  f i n i s h e d  s u r f a c e s  and the O- r ing  are  n o t  

marred o r  s c r a t c h e d .  
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T a b l e  4 .  Average N a t u r a l  R e s i l i e n c y  and S e a t i n g  Force o f  Tubing" 

Compression 
Bas i c  Force 
Tubing Wall E l a s t i c  o lr O-r ing 

OD T h  i ckne s s Tubing S p r i n g  Back ( l b  p e r  
( i n  .) ( i n . )  Mat e r i a 1 ( i n . )  l i n e a r  i n . )  

1 /16  

3/32 

1/32 0.005 
0.010 
0.012 
0.005 
0.005 

0.005 
0.010 
0.012 
0.014 
0.016 
0.006 
0.010 
0.012 
0.014 
0.010 
0.012 
0.010 
0.014 
0.010 
0.014 
0.010 
0.010 
0.012 
0.014 

0.007 
0.010 
0.012 
0.018 
0.007 
0.010 
0.012 
0.018 
0.010 
0.010 
0.012 
0.018 
0.010 
0.012 
0.018 
0.010 
0.012 
0.01.8 
0.012 

S t a i n l e s s  S t e e l  
S t a i n l e s s  S t e e l  
S t a i n l e s s  S t e e l  
I n c o n e l  
I n c o n e l  X 

S t a i n l e s s  S t e e l  
S t a i n l e s s  S t e e l  
S t a i n l e s s  S t e e l  
S t a i n l e s s  S t e e l  
S t aialess S t e e l  
Inconel  
I n c o n e l  
I n c o n e l  
I n c o n e l  
I n c o n e l  X 
I n c o n e l  X 
Mild S t e e l  
Mild S t e e l  
A1 uminum 
Aluminum 
Monel 
Copper 
Copper 
Copper 

S t a i n l e s s  S t e e l  
S t a i n l e s s  S t e e l  
S t a i n l e s s  S t e e l  
S t a i n l e s s  S t  eel- 
I n c o n e l  
Inconel  
I n c o n e l  
1 n con e 1 
I n c o n e l  X 
Mild S t e e l  
Mild S t e e l  
Mild S t e e l  
Aluminum 
Aluminum 
Aluminum 
Monel 
Copper Annealed 
Copper Hard 
Tantalum Annealed 

0.002 
0.002 
0.002 
0,0015 
0.001 

0.003 
0.002 
0.002 
0.0025 
0.003 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.0015 
0.001s 
0.002 
0.001 
0.001 
0.001 

0.002 
0.002 
0.002 
0.0035 
0.0025 
0.0025 
0.002 
0.0025 
0.0025 
0.002 
0.002 
0.002 
0 .GO2 
0.002 
0.002 
0.002 
0.001 
0.004 
0.002 

300 
40 0 
800 
200 
300 

200 
500 
800 

3.300 
1.500 

300 
420 
550 

1100 
5 50 
7 00 
400 
8 50 
200 
350 
450 
1.50 
250 
350 

200 
350 
425 

1100 
150 
250 
350 

1.000 
300 
200 
2 50 
9 50 
200 
1 7 5  
350 
200 
200 
500 
650 
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5/32 

3/16 

1 / 4  

Table 4 continued 

0.010 
0.012 
0.020 
0.010 
0.012 
0.020 
0.025 
0.020 
0.025 
0.010 
0.020 
0.010 
0.012 
0.020 
0.025 
0.01.0 
0 . O M  
0.030 

0 . O l O  
0.012 
0.016 
0.025 
0.010 
0.025 

0 "010 
0.012 
0.020 
0.032 
0.020 

0.010 
0.012 
0.020 
0.035 
0.049 
0.035 

5/16 0.050 

0.035 
0.049 

0.080 
0.120 

- - 
118 

318 

112 

Stainless Steel 
Stainless Steel 
Stainless Strel 
Inconel 
Inconel 
Inconel 
Incone 1 
i n c o n e l  x 
Inconel X 
Mild Steel 
Mild Steel 
A l u m i n u m  
Aluminum 
A1 uminum 
Aluminum 
Monel 
Copper  
Copper 

Stainless Steel 
Stainless Steel 
Stainless Steel 
Stainless Steel 
Inconel 
Inconel X 

Stainless Steel 
Stainless SI:eel 
Stainless Steel 
Stainless Steel 
Inconel 

Stainless Steel 
Stainless Steel 
Stainless Steel 
Stainless Steel 
Stainless Steel 
Aluminum 

Stainless Steel 

Stainless Steel 
Stainless Steel 

Stainless Steel 
Stainless Steel 

0.003 
0 .003  
0.004 
0.004 
0.002 
0.0035 
0.004 
0.004 
0.004 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.003 
0.002 
0.002 

0.004 
0.004 
0.003 
0.003 
0.003 
0.002 

0.005 
0.004 
0.004 
0.005 
0.004 

0.006 
0.006 
0.006 
0.006 
0.007 
0.003 

0.005 

0.005 
0.005 

0 "008 
0.007 

2 10 
320 
1000 

250 
300 

1000 
1400 
800 
1600 
250 
700 

75 
100 
2 20 
286) 
2.50 
500 
800 

150 
160 
300 
1000 
150 
950 

150 
175 
450 

2300 
600 

75 
90 

350 
11-00 
2500 

250 

2000 

500 
1750 

3300 
7 600 

a Data taken from Machine Desi.gn, Seals Reference Issue, 36(6) ,  
June 1964. 
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3 .  DESIGN FOR BOLTS OR STUDS TO RETAIN CASK LID 

There  a r e  f o u r  l o a d s  t h a t  must be  consi .dered when deve lop ing  a d e s i g n  

f o r  b o l t i n g  t h e  cask  1i.d. They a r e  (1) t h e  load  due t o  i n t e r n a l  p r e s s u r e ,  

( 2 )  t h e  load  due t o  t h e  a p p a r e n t  weight  of t h e  l i d  and the c o n t e n t s  of  

( 3 )  t h e  f o r c e  r e q u i r e d  t o  s e a t  t h e  
FP 

Fw, t h e  c a s k  under impact  c o n d i t i o n s ,  

gasket, F and ( 4 )  t h e  t o r c e  on t h e  g a s k e t  r e q u i r e d  t o  m a i n t a i n  a t i g h t  

j o i n t  under  s e r v i c e  c o n d i t i o n s ,  F . 
SG' 

oc  
T h e  l o a d  on a c y l i n d r i c a l  ca sk  l i d  due t o  t h e  i n t e r n a l  p r e s s u r e  of 

t h e  cask, 

Fp = p (g), 
where 

p t h e  d e s i g n  p r e s s u r e ,  p s i ,  

g 
d = t h e  mean diameter  o f  t h e  g a s k e t ,  i n .  

For r e c t a n g u l a r  ca sk  l i d s ,  t h e  l o a d  due t o  i n t e r n a l  pressure, 

F = pL13 , 
P 

where 

L = t h e  i n s i d e  l e n g t h  o f  a r e c t a n g u l a r  ca sk  (measured c e n t e r  t o  cen te r  

o f  g a s k e t ) ,  i n . ,  

B = t h e  i n s i d e  wid th  of  a r e c t a n g u l a r  cask (measured c e n t e r  t o  c e n t e r  

of  g a s k e t ) ,  i n .  

The load  due t o  t h e  appa ren t  weight  o f  t h e  cask l i d  and t h e  c o n t e n t s  

o f  t h e  cask ,  

F = N (W + Wc) , 
w g T, 

where 

N = the  number of 

a r e  s u b j e c t e d  

W = t h e  weight  of 

W = t h e  weight  o f  

& 

L 

c 

" g ' s ' '  t o  which t h e  l i d  and c o n t e n t s  o f  t h e  cask  

upon impact ,  

t h e  cask  l i d ,  l b ,  

t h e  c o n t e n t s  o f  t h e  cask ,  l b ,  
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For a c y L i n d r i c a 1  l i d ,  t h e  Eorce r e q u i r e d  t o  s e a t  t h e  gasket'  o r  

make t h e  g a s k e t  mater ia l  fLow and deform t o  seal  i t s e l f  i n t o  t h e  i r r e g u -  

l a r i t i e s  of  t h e  f l a n g e  f a c e s ,  

where 

b = t h e  e f f e c t i v e  g a s k e t  s e a t i n g  wid th ,  i n .  ( s e e  Table  2 ) ,  

G = t h e  d i a m e t e r  a t  t h e  l o c a t i o n  o f  t h e  g a s k e t  l o a d  r e a c t i o n ,  i n . ,  

y = t h e  g a s k e t  o r  j o i n t  c o n s t a n t  f o r  s u r f a c e  u n i t  s e a t i n g  load ,  p s i  

( s e e  Tab le  1).  

For r c c t a n g u l a r  l i d s ,  t h e  f o r c e  r e q u i r e d  t o  seaL t h e  gasket , '  

F bCy , sc, 
where 

C = t h e  l e n g t h  of  t h e  g a s k e t ,  i n . ,  

= 2(I, + €3). 

For c y l i n d r i c a l  c a s k  l i d s ,  t h e  f o r c e  r e q u i r e d  on t h e  g a s k e t  t o  main- 

t a i n  a t i g h t  j o i n t  under  s e rv i ce  cond i t ions , '  

wh e r e 

m = t h e  g a s k e t  f a c t o r  ( s e e  Tab1.e 1) .  

For r e c t a n g u l a r  l i d s ,  t h e  f o r c e  on t h e  g a s k e t  r e q u i r e d  t o  m a i n t a i n  a 

t i g h t  j o i n t  under  s e r v i c e  cond i t ions , '  

A f t e r  t h e  g a s k e t  h a s  been s e l e c t e d  and t h e  l o a d s  given by E q s .  1, 2, 

3, and 4 have been determined,  t h e  minimum b o l t  ai-ea may be de te rmined .  

The minimum bol t :  area,  
L7 

I' SG A = -  
m s a '  (5) 

where S = t h e  a l l o w a b l e  b o l t  s t r e s s  a t  a tmosphe r i c  t empera tu re ,  p s i ,  o r  
a 

'"ASME B o i l e r  and P r e s s u r e  Vessel Code Section VIII, U n f i r e d  P r e s s u r e  
Vesse l s , "  American S o c i e t y  o f  Mechanical Eng inee r s ,  New York, 1965.  
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where S 

i.s l a r g e r .  

= t h e  a l l o w a b l e  stress a t  o p e r a t i n g  t empera tu re ,  p s i ,  whichever  
b 

A f t e r  t h e  minimum b o l t  a r e a  r e q u i r e d  h a s  been de te rmined ,  t h e  a c t u a l  

b o l t i n g  p a t t e r n  may b e  e s t ab l i . shed .  

l i d s  i s  a s  f o l l o w s .  

A s i m p l e  p rocedure  f o r  c y l i n d r i c a l .  

1. To o b t a i n  an approx ima t ion  of  t h e  number o f  b o l t s  r e q u i r e d ,  a l l o w  

one b o l t  f u r  each  i n c h  o f  i n s i d e  d i a m e t e r  o f  t h e  l i d  f l a n g e .  

r e s u l t i n g  number i s  no t  a l r e a d y  a mul - t ip l e  o f  f o u r ,  u s e  t h e  n e x t  l a r g e r  

nurr~ber t h a t  i s  a mu.ltip1.e o f  f o u r .  

I f  t h e  

by t h e  number o f  b o l t s  requF2ed; 
Am 3 

2 .  D iv ide  t h e  minimum b o l t  a r e a ,  

t h i s  g i v e s  t h e  r e q u i r e d  area p e r  b o l t .  

3 .  Refer  t o  Tab le  5 and s e l e c t  t h e  b o l t  s i z e .  Because o f  t h e  danger  

of o v e r s t r e s s i n g  srnaller- s i z e d  b o l t s ,  a 1 /2 - in . -d i ame te r  b o l t  i s  consi.dered 

t h e  minimum s i z e  t o  be used ,  

4 .  Check t o  see t h a t  t h e  r e s u l t i n g  b o l t  s p a c i n g  is  c l o s e  enough t o  

m a i n t a i n  adequa te  u n i t  p r e s s u r e  on t h e  g a s k e t  between t h e  b o l t  h o l e s .  

A p p l i c a t i o n  of t h e  fol.lowing e q u a t i o n  g i v e s  e x c e l l e n t :  r e s u l t s  .2 

2a + 6 t  
rn -1- 0 . 5  ' Maximum b o l t  s p a c i n g  = ( 7 )  

where 

a := t h e  d i a m e t e r  o f  the bo l t s ,  i n . ,  

t = the t h i c k n e s s  of t h e  l i d  f lange ,  i n . ,  

tn ::I t h e  g a s k e t  factOK. 

5 .  Make any a d j u s t m e n t s  t ha t  may h e  sugges t ed  by l > r a c t i c a l .  c o n s i d e r -  

a - t i o n s  s u b j e c t  on ly  t o  the r equ i r emen t s  f o r  t h e  minimum t o t a l  b o l t  a r e a  

and s p a c i n g .  

A s imi l a r  t e c h n i q u e  may be  used t o  establish t h e  b o l t i n g  d e s i g n  f o r  

r e c t a n g u l a r  cask l i d s .  

Care must be e x e r c i s e d  t o  avo id  o v e r l o a d i n g  t h e  g a s k e t ,  p a r t i c u l a r l y  

i n  d e s i g n i n g  l a r g e - d i a m e t e r  f I.anges o r  even r e l a t i v e l y  s m a l l  ones  fo r  

" T a y l o r  Forge and P i p e  Works C a t a l o g  5 9 1 ,  P r o d u c t s  f o r  P i p i n g  aod 
P r e s s u r e  Vessel C o n s t r u c t i o n ,  2nd ed . ,  1961. 

....... . . . . . . . . 
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a 
Tab le  5 .  Design D a t a  f o r  U .  S. S t anda rd  B o l t s  

Diameter Diameter 
Number a t  Root O f  

Diarne t e r o f  Threads o f  Thread 'Tap D r i l l  S t r e s s  Area 
( i n , )  p e r  Inch  ( i n . )  ( i n . )  ( i n . ) "  

117- 
9/1.6 

3 /" 
7 /8 

1 11" 

1 112  

5 18 

1 
1 118 

1 3 / 8  

1 314  

2 
2 114 
2 112  

1 3  
1 2  
11 
10 

9 

8 
7 
7 
6 

6 
5 

4 . 5  
4 . 5  
4 

0 ./too 

0 . 4 5 4  
0 .507  
0 . 6 2 0  
0 . 7 3 1  

0 . 8 3 8  
0 . 9 3 9  
1 . 0 6 4  
1.158 

1 . 2 8 3  
1.490 

1 . 7 1 1  
1 .?61 
2.175 

27 164 
1 5 / 3 2  
1 7 / 3 2  
4 1 / 6 4  

5 5 / 6 4  
3 1 / 3 2  

314  

1 3 / 3 2  
1 7 / 3 2  

1 1 1 / 3 2  
1 1 7 / 3 2  

1 4 9 / 6 4  

'2 1 5 / 6 4  
2 1/64  

0 .  I 4 1 6  
0.1816 
0 . 2 2 5 6  
0.3340 
0 . 4 5 1 2  

0 . 6 0 5 1  
0 .7627  
0 . 9 6 8 4  
1 . 1 5 3 8  

1 . 4 0 4 1  
1 . 8 9 8 3  

2 . 4 9 7 1  
3 . 2 4 6 4  
3 . 9 9 7 5  

a 
Data t a k e n  from E.  Oberg and F .  D.  J o n e s ,  Mach ine ry ' s  Handbook, 

The I n d u s t r i a l  Press ,  New York, 1 6 t h  e d . ,  1 9 5 9 ,  and M. F. S p o t t s ,  p .  1 9 4  
i n  Design o f  Machi.i?e Elements, P r e n t i c e  H a l l ,  3rd ed. ,  1 9 6 2 .  



h i g h - p r e s s u r e  s e r v i c e .  Over load ing  can r e s u l t  i n  c r u s h i n g  o f  t h e  g a s k e t  

o r  y i e l d i n g  o f  t h e  f l a n g e  o r  b o t h .  To avo id  t h i s ,  t h e  u n i t  load  on t h e  

g a s k e t  shou1.d n o t  exceed t w i c e  t h e  g a s k e t  s e a l i n g  stress,  y, g iven  i n  

Tab le  1, n o r  shou ld  t h i s  u n i t  s t ress  exceed t h e  y i e l d  p o i n t  o f  t h e  f l a n g e  

mater ia l .  

A t o r q u e  wrench shou ld  be used i n  b o l t i n g  the c a s k  l i d .  An approx i -  

mate r e l a t i o n s h i p  between t h e  t o r q u e  a p p l i e d  t o  t h e  b o l t  o r  n u t  and t h e  

f o r c e  induced i n  t h e  b o l t  o r  s t u d  f o r  u n l u b r i c a t e d  c o n d i t i o n s  i s  g iven  

by E q .  

T :: 0 .2aF  , ( 8 )  

where 

T = t o rque ,  i n . - l b ,  

a = t h e  d i a m e t e r  o f  t h e  b o l t ,  i n . ,  

F = t h e  induced f o r c e ,  lb. 

T h e r e f o r e ,  t h e  t o r q u e  r e q u i r e d  t o  s e a l  t h e  g a s k e t  f o r  a l i d ,  

where 

N = t h e  number o f  b o l t s  r e q u i r e d .  

The t o r q u e  f o r  o p e r a t i n g  c o n d i t i o n s ,  

0 .2a (F  + Fw f FOc) 

N 
T =  

oc 

'M, F. S p o t t s ,  p .  204 i n  Design o f  Machine Elements,  P r e n t i c e  H a l l ,  
3 rd  e d . ,  1.962. 
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4 .  FLANGE DESIGN 

The f l a n g e s  t h a t  must be des igned  by pe r fo rming  s t r e n g t h  a n a l y s e s  

a r e  t h e  l i d  f l a n g e  and t h e  f l a n g e  on t h e  c a s k  t o  which t h e  ].id f l a n g e  i s  

b o l t e d .  

The f o l l o w i n g  assumptions were made t o  deve lop  3 s i m p l i f i e d  b u t  

c o n s e r v a t i v e  p rocedure  f o r  c a l c u l a t i n g  t h e  t h i c k n e s s  of  t h e  l i d  f l a n g e .  

1. The f l a n g e  i s  s u b j e c t  t o  p r e s s u r e  l o a d s ,  Fp, g a s k e t  l o a d s ,  F 
OC' 

and impact l o a d s  caused by t h e  weight  o f  t h e  s h i e l d  p l u g  a t t a c h e d  t o  t h e  

l i d  f l a n g e  and t h e  weight  oE t he  c o n t e n t s  o f  t h e  cask ,  F . 
W 

2 .  The impact l o a d s  due t o  t h e  weight  o f  t h e  s h i e l d  p l u g  and t h e  

c o n t e n t s  o f  t h e  cask  a r e  d i s i - r i b u t e d  unifoxmly o v e r  t h e  f l a n g e .  

'3* The l i d  f l a n g e  i s  f i x e d  a t  t h e  b o l t  l i n e  so t h a t  no r o t a t i o n  

w i l l  o c c u r .  

A schematic  of  t h e  Eorces on ihtt l i d  f l a n g e  and a load  diagram are shown 

i n  P ig .  7 .  

ORNL Dwg 66-10116 

rt ----- - - -  t-1 

f t t ) f f t~~+. . f . - - - -  t Foc pe FOC f 
Fi.g. 7 .  Schematic and Load Diagrams o f  Forces  S u s t a i n e d  by t h e  L id  

F lange .  
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I n  F i g .  7 ,  t h e  p r e s s u r e  l o a d s ,  

F = pA , 
P 

where 

p ::: t h e  i n t e r n a l  d e s i g n  p r e s s u r e ,  p s i ,  

A = t h e  a r e a  of t h e  l i d  f l a n g e  exposed t o  t h i s  p r e s s u r e ,  i n .  2 

The impac t l o a d s ,  

F = N (W -f- Wc> , (2) 
w g L  

and W a r e  a s  p r e v i o u s l y  d e f i n e d .  F i s  t h e  to t a l .  gasket: where N 

f o r c e  under  o p e r a t i n g  c o n d i t i o n s ,  and Pe i s  t h e  e q u i v a l e n t  p r e s s u r e  l o a d  

r e s u l t i n g  from t h e  a c t u a l  i n t e r n a l  p r e s s u r e  and t h e  impact l oad ,  

g’ wL’ C oc 

S e p a r a t e  p r o c e d u r e s  were developed f o r  d e s i g n i n g  round f l a n g e s  and 

r e c t a n g u l a r  f l a n g e s .  

Design P r o c e d u r e  f o r  Round Flanges 

The method o f  s u p e r p o s i t i o n  w a s  used t o  d e t e r m i n e  t h e  t o t a l  s t ress  

i n  t h e  f l a n g e ,  and t h e  maximum normal s t ress  theory1 was used as t h e  

c r i t e r i o n  f o r  e s t a b l i s h i n g  t h e  r e q u i r e d  t h i c k n e s s  o f  the f l a n g e .  Sche- 

m a t i c  diagrams of t he  two s e p a r a t e  l o a d s  a r e  s h o w n  i n  F ig .  8 .  

IR. J .  Roark, p .  218 i n  ForinuIas f o r  S t r e s s  and S t r a i n ,  McGraw-  
H i l l  Rook Co., 4 t h  ed . ,  1965. 

ORNL Ddg 66-10117 

Foc Foc 

Fig .  8 .  Schematic  Diagra.ms of  E q u i v a l e n t  P r e s s u r e  Load and To ta l  
Gasket  Force on Round Flange.  
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I n  F i g .  8,  r r e p r e s e n t s  t h e  r a d i u s  o f  t h e  area o f  t h e  f l a n g e  sub- 
A 

j e c t e d  t u  p r e s s u r e ,  arid r r e p r e s e n t s  t h e  r a d i u s  o f  t h e  b o l t  c i r c l e .  
bc 

Assume t h a t  r > 0.588r t h e n  t h e  maximum stress,’ 
A bC’ 

3(E’ .I- F ) 3F 
P 
2 n 5  s =  

Solvi.ng E q .  1 2  f o r  t, 

+ F o c - ~ ( p 2  W + F o c  )j. r ”  F t F  
A 

b C  

Design P rocedure  f o r  Rec tangu la r  Flanges 

In o r d e r  t o  de t e rmine  t h e  maxi-mum normal s t r e s s  i n  a r e c t a n g u l a r  

f l a n g e ,  t h e  rnsxirniim bending moment must be de t e rmined .  Sc‘tiertiatic l oad ,  

s h e a r ,  and bending moment diagrams f o r  r e c t a n g u l a r  f l a n g e s  are i l l u s -  

t r a t e d  i.n P ig .  9 .  Fo r  r e c t a n g u l a r  f l a n g e s ,  r r e p r e s e n t s  h a l f  t h e  f l a n g e  

wid th  t h a t  i s  s u b j e c t e d  t o  t h e  p r e s s u r e  l o a d ,  arid r r e p r e s e n t s  t h e  

h a l f  w i d t h  o f  t h e  s h o r t e s t  dimension o f  t he  b o l t  l i n e .  The l.ong dimen- 

s i o n  o f  t h e  f l a n g e  s u b j e c t e d  t o  p r e s s u r e  i s  r e p r e s e n t e d  as L .  The 

g a s k e t  f o r c e  p e r  u n i t  l e n g t h  of  g a s k e t  = 

e q u i v a l e n t  p r e s  s u r e  , 

A 

b C  

FO c 

2(1, + 2rA) 
( l b / i n - )  and t h e  

r e s u l t i n g  f rom t h e  a c t u a l  i n t e r n a l  p r e s s u r e  arid 

F -1- F 
57 

t h e  impact l o a d  = p s i .  
2 rAL 

In a r e c t a n g u l a r  f l a n g e  t h e  maximum bending moment w i l l  be assumed t o  

F o r  such a s t r i . p  
bc’ 

occur  i.n a s t r i p  o f  1ini.t w id th  whose l e n g t h  i s  2 r  

(beam) t h e  l o a d s  are as shown i n  F ig .  9 .  

The maximum bending moment p e r  u n i t  l e n g t h  may be a t  t h e  ends  and 

t h e r e f o r e  equal t o  M o r  i t  may be  a t  t h e  c e n t e r  and e q u a l  t o  M . 
0’ C 

F r  F + - F  r 
( 1 4 )  

o c  A w P A  - 
2 ’  

- M  - 
Mc Z r b c  o Z(L + 2rA) - 2 L 

where from the shear diagram i n  F i g .  9 ,  

F F + F  
o c  f w-2 

2 I, K =  
L 2 ( ~  + 2rA) 



27 

ORNL DWG 66-10118 

-0 

SHEAR DIAGRAM 

M -- 

MC 

BENDING MOMENT DIAGRAM 
( 3 Y  PARTS) 

Fig.  9 .  
L i d  Flanges. 

Load, Shear, and Bending Moment Diagrams f o r  Rectangular 
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Froni Roark,2 t h e  bending moment a t  t h e  ends,  

+ F ) (3 rbc2  - r A ’1 
.-- 

~ ~ ~ ( r ~ ~ ~  - r ’1 
+ A 

12T,r M =  
o 4rbc(L + 2rA) bc 

Once t h e  maximum moment h a s  been determined,  t h e  t h i c k n e s s  of  t h e  

f l a n g e  r e q u i r e d  ti:, s u p p o r t  t h i s  moment w i t h o u t  exceed ing  t h e  a1lowabl.e 

s t ress  o f  t h e  f l a n g e  material. may be c a l c u l a t e d .  S ince  

t 
McC M - 2 6M s = -  - - = - - -  
I - 9  t2 ’ 

where C := t h e  d i s t a n c e  t o  t h e  ou te rmos t  f i b e r  i n  i n . ;  t h e  t h i c k n e s s  o f  

t h e  f l a n g e ,  

t = (SM/S)’P , 
where 

t t h e  t h i c k n e s s  o f  the f l a n g e ,  i n . ,  

M - t h e  maximum moment from E q .  14 o r  16 ,  

S = t h e  a l l o w a b l e  s t r e s s  of  t h e  f l a n g e  m a t e r i a l ,  2/3 y i e l d  o r  1/3 

u l t i m a t e ,  whichever  i s  less .  

Cask F l a n E  

The d e s i g n  f o r  t h e  f l a n g e  on t h e  cask  t o  which the l i d  f l a n g e  i s  

b o l t e d  i s  n o t  q u i t e  as s imple a s  tha. t  f o r  the  l i d  f l a n g e .  De te rmina t ion  

of  t h e  t h i c k n e s s  o f  t h e  cask f l a n g e  on t h e  b a s i s  of  s t r e n g t h  a l o n e  may 

n o t  be p r a c t i c a l  from t h e  s t a n d p o i n t  o f  f a b r i c a t i o n ,  b o l t i n g ,  and 

d e f l e c t i o n .  A s  a lower limit, t h e  minimum t h i c k n e s s  o f  t h e  c a s k  f l a n g e  

shoii1.d be  e q u a l  t o  o r  g r e a t e r  than 1.5 t i m e s  t h e  nominal d i a m e t e r  o f  t h e  

b o l - t s  o r  s t u d s .  T h i s  w j . 1 ~ 1  a l l o w  ample room t o  a t t a c h  t h e  s t u d s  i n  a 

manner t h a t  wi.1.1 deve lop  t h e i r  f u l l  s t r e n g t h  I 

A s  in the d e s i g n  f o r  1i.d f l a n g e s ,  separate p r o c e d u r e s  were developed 

f o r  d e s i g n i n g  rourid c a s k  f l a n g e s  and r e c t a n g u l a r  cask f l a n g e s .  

‘R. J .  Roark, Cases 32 and 34, p .  112 i n  Formulas f o r  S t r e s s .A@ 
S t r a i n  M s G r a w - H i l l  Book Co., 4 t h  e d . ,  1965. 
._....1_1__ 9 
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Design P rocedure  f o r  Round F langes  

The assumed l oad  diagram f o r  t h e  round c a s k  f l a n g e  i s  shown i n  

F i g .  10 .  I n  t h i s  diagram, t h e  t o t a l  l oad  i s  r e p r e s e n t e d  a s  F , 
t 

F = F  o C  '- Fp + Fw > (18) t 

P W oc 
where P and F are  a s  d e f i n e d  on page 19 and F i s  a s  d e f i n e d  on page 2 0 .  

ORNL Dwg 66-10119 

F i g .  10. Load Diagram f o r  8 Round Cask Flange.  

From the  maximum s t r e s s  i n  the cask f l a n g e  when r >.0.417 
rb A C' 

where 11 = l /u  and u = P o i s s o n ' s  r a t i o .  When r < 0.417, t h e  maximum 

stress i n  the cask fl-ange, 
A 

3R. J. Roark, Case 1.8, p .  221 i n  Formulas for S t r e s s  and S t r a i n ,  
M c G r a w - H i l l  Book Co., 4 t h  e d . ,  1965. 
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S o l v i n g  E q .  1 9  t o  de te rmine  t h e  t h i c k n e s s  o f  t h e  c a s k  f l a n g e  when 

r > 0.417 rbc, 
A 

r 
(21.) 

b c  
In r 211% - 2<(p -I- 1) 

b c  

Solv ing  E q .  20 t o  de te rmine  t h e  i:hickness of t h e  c a s k  f l a n g e  when 

Design Procedure  f o r  Rec tangu la r  Flanges 

'The rec tangul -ar  cask f l a n g e  a c t s  a s  a c a n t i l e v e r  beam o f  l e n g t h  g 

loaded  a t  i t s  unsuppor ted  end by F t' 

r e c t a n g u l a r  c a s k  f l a n g e  i s  shown i n  F i g .  1 1 .  

The assumed l o a d  diagram f o r  a 

ORNL Dwg 66-10120 

BOLT LINE 

POINT OF 
INNER SHELL t ATTACHMENT 

5 
F i g ,  11. Load Diagram f o r  a Kectangular  Cask Fl.ange. 



31 

The maximum stress i n  t h e  cask  f l a n g e ,  

where 

L = t h e  i n s i d e  l e n g t h  of  a r e c t a n g u l a r  cask, i n . ,  

B = t h e  i n s i d e  wid th  o f  a r e c t a n g u l a r  cask ,  i n .  

So lv ing  Eg .  23 t o  de t e rmine  t h e  t h i c k n e s s  of  t h e  cask  f l a n g e ,  



3 2  

I n  d e s i g n i n g  a t o p  c l o s u r e  o r  l i d  f o r  a s h i p p i n g  c a s k  t h a t  will 

m e e t  t h e  proposed AEC r e g u l a t i o n  10 CFR 7 1 ,  t h e r e  a r e  t h r e e  main a reas  

o f  t h e  c l o s u r e  t h a i  r e q u i r e  c a r e f u l  a t t e n t i o n .  These a r e  (1)  t h e  gasket  

o r  s e a l ,  ( 2 )  t h e  r e t a i n i n g  d e v i c e s  o r  b o l t s ,  and ( 3 )  t h e  f l a n g e s  on t h e  

l i d  and t h e  c a s k .  

Gasket t y p e s  and m a t e r i a l s  most a p p l i c a b l e  t o  u s e  a s  l i d  s e a l s  a r e  

d i s c u s s e d  i n  Chap te r  2 ,  and d e s i g n  d a t a  f o r  t h e  d i f f e r e n t  t y p e s  o f  

g a s k e t s  are g iven  i n  Tables 1 and 2. 

Equa t ions  f o r  deterrrriuing t h e  b o l t i n g  arrangement f o r  ca sk  l i d s  

were developed i n  Chapter  3 .  ‘The minimum b o l t  a r e a  r e q u i r e d ,  
F + Fw + Yoc  

sb 
A = ’  ? ( 6 )  in 

where 

F = the  l o a d  due t o  i n t e r n a l  p r e s s u r e ,  
P 

nd2 \, 
= p (2,) f o r  c y l - i n d r i c a l  c a s k s  

= pLR f o r  r e c t a n g u l a r  ca sks ,  

E: = t h e  load  due t o  t h e  appa ren t  weight  of  t h e  cask  l i d  and t h e  
w 

c o n t e n t s  o f  t h e  cask 

- N (W + Wc), (2) 
g TJ 

F = t h e  f o r c e  r e q u i r e d  on t h e  g a s k e t  t o  m a i n t a i n  a t i g h t  j o i n t  
o c  

under  s e r v i c e  c o n d i t i o n s ,  

= 2.rrhGmp f o r  c y l i n d r i c a l  c a s k s  

= 2bCmp f o r  r e c t a n g u l a r  ca sks ,  

S - t h e  a l l o w a b l e  s t r e s s  a t  o p e r a t i n g  t empera tu re .  
b 

The maximum b o l t  s p a c i n g  - ---- 2a + 6t  and t h e  b o l t  t o r q u e  f o r  o p e r a t i n g  
m + 0 . 5  ’ 

c o n d i t i o n s ,  
0.2a(F + FTJ .1- F ) 

D O C  

N 
T =  

o c  

Equa t ions  were developed i n  Chap te r  4 f o r  d e t e r m i n i n g  the th i ckn-  Lsses  

o f  the  l i d  f l a n g e  and t h e  c a s k  f l a n g e .  T h e  t h i c k n e s s  of t h e  l i d  f l a n g e ,  
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f o r  round f l a n g e s ,  and 

t -  (17) 

f o r  r e c t a n g u l a r  f l a n g e s .  The thickness  of  the cask f lange ,  

r bc 1/2 

prb2,(p - 1) - p$<p + 1) - 2(p2 - l)r,.C In  - 
3F 

r ' (p - 1) + i- I.) 
bc 

f o r  r e c t a n g u l a r  f l a n g e s .  
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