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©  Earthquake-proof  tube  support  grid. 
An  earthquake-proof  support  grip  for  supporting  tubes 

in  a  steam  generator,  heat  exchanger  or  the  like,  particularly 
for  use  in  P.W.R.  nuclear  plants  and  for  special  heat 
exchangers  for  use  in  petro-chemical  plants,  comprising  a 
reticular  structure  formed  of  main  [1(x),  2(x)]  and  secondary 
[3(x),  6(x)]  intersecting  strips  and  an  annular  frame  enclosing 
said  reticular  structure,  said  frame  [30(a),  30(a')]  being 
formed  of  material  having  the  same  coefficient  of  thermal 
expansion  of  the  strips  or  said  frame  comprising  an  internal 
frame  [30(b).  30(b')]  formed  of  material  having  the  same 
coefficient  of  thermal  expansion  of  the  strips  and  an  external 
frame  [40(b).  40(b')]  formed  of  material  having  a  lower 
coefficient  of  thermal  expansion  than  that  of  the  strips  Said 
reticular  structure  is  characterized  in  that  all  said  secondary 
strips  or  only  some  thereof  13(x),  4(x)]  have  interengagmg 
slots  (21)  with  portions  of  said  main  strips,  at  the  intersecting 
zone  therebetween,  and  that  all  strips  or  only  some  thereof 
have  the  ends  [7(x),  8(x)]  shaped  in  the  form  of  a  hammer- 
head  profile or  a  dovetail  profile or  the  like,  and  that  said  strip 
ends  are  received  and  blocked  without  clearance  in  grooves 
[23(x),  24(x)]  formed  in  the  frame  body  [30(a),  30(a');  30(b), 
30(b')],  said  grooves  being  shaped  also  respectively  in  the 
form  of  a  hammer-head  profile  or  a  dovetail  profile  or  the 
like,  in  order  to  prevent  the  relative  movement  or  the  sliding 
between  said  strip  ends  and  the  said  frame  enclosing  the 
same.  Said  hammer-head  connections  or  dovetail  connec- 

tions  or  the  like  between  the  said  strip  ends  and  the  said 
frame  body  being  provided  to  resist  severe  forces  acting  on 
said  tube  support  grid,  at  all  operative  temperatures,  and 
caused  by  the  highest  grade  seismic  event  together  with  the 
greatest  accident,  such  as  the  burst  of  a  pipe  of  the  primary 
circuit  of  a  steam  generator for  use  in  a  nuclear  power  plant. 





B A C K G R O U N D   OF  THE  I N V E N T I O N  

The  i n v e n t i o n   p r o p o s e s   new  and  o r i g i n a l   t e c h n i c a l   s o l u t i o n s   of  t h e  

s t r u c t u r e   of  a  s u p p o r t   g r id   for  t ubes   of  s t e a m   g e n e r a t o r s ,   h e a t  

e x c h a n g e r s   and  the  l ike,   as  to  so lve   the  p r o b l e m   of  the  r e l i a b i l i t y  

and  of  the  s a f e ty   of  such  a  s u p p o r t ,   p r o b l e m   which  is  a c q u i r i n g  

m o r e   and  m o r e   i m p o r t a n c e   and  which   is  u rg ing   m o r e   and  m o r e  

the  m a n u f a c t u r e r s   and  the  u s e r s   of  such  s u p p o r t s ,   e s p e c i a l l y   a s  

c o n c e r n s   t he i r   use  for  the  s u p p o r t   of  the  tubes  in  n u c l e a r   s t e a m  

g e n e r a t o r s   of  P .  W.  R.   type,   that   is  of  p r e s s u r e   w a t e r   r e a c t o r ;  

As  w e l l - k n o w n ,   the  i n t e r n a t i o n a l   r u l e s ,   p a r t i c u l a r l y   the  USA  o n e s ,  

c o n c e r n i n g   n u c l e a r   s a f e ty ,   p r e s c r i b e   that  the  a p p a r a t u s   u s e d   in  a  

n u c l e a r   p o w e r   plant  have   to  be  so  d e s i g n e d   as  to  w i t h s t a n d   the  d y n a m i c  

s t r e s s e s   to  which  they  can  be  s u b j e c t e d   when  o c c u r s   the  h i g h e s t  

g rade   s e i s m i c   event  t o g e t h e r   with  the  g r e a t e s t   a c c i d e n t ,   such   a s  

the  b u r s t   of  a  pipe  of  the  s t e a m   g e n e r a t o r   p r i m a r y   c i r c u i t .  

Such  c o n t e m p o r a r y   e v e n t s ,   the  s e c o n d   as  c o n s e q u e n c e   of  the  f i r s t ,  

c ause   the  a r i s i n g   of  l o c a l   f o r c e s ,   a m o u n t i n g   to  s o m e   tens  of  t o n s ,  

in  the  ins ide   of  the  tube  bund le   and  t h e r e f o r e   ins ide   the  s u p p o r t s  

s u s t a i n i n g   such  tube  b u n d l e .  



The  said  f o r c e s   can  s t r e s s   a  g roup   of  tubes   of  the  local   zone  of  t h e  

tube  bundle ,   w h e r e   the  sa id   f o r c e s   b u r s t   out  and  by  ac t ing   on  t h e  

s u p p o r t s   of  the  sa id   t u b e s   can  c a u s e   the  p e r m a n e n t   d e f o r m a t i o n   o f  

the  s a m e   and  c o n s e q u e n t l y   the  tube  c r a c k i n g   and  the  b u r s t   of  t h e  

s a m e   with  the  out f low  of  r a d i o a c t i v e   wa t e r   and  c o n s e q u e n t   h e a v y  

d a m a g e s   to  the  n u c l e a r   p o w e r   plant   and  to  the  o p e r a t i o n   p e r s o n n e l .  

As  to  e l i m i n a t e   t he se   g r e a t   t r o u b l e s   which  may   o c c u r   with  t h e  

c o n v e n t i o n a l   s u p p o r t   g r i d s ,   the  p r e s e n t   i n v e n t i o n   p r o p o s e s   new  a n d  

o r i g i n a l   s o l u t i o n s   for  the  s t i f f e n i n g   of  the  r e t i c u l a r   s t r u c t u r e ,   of  

the  c o n n e c t i o n   of  the  sa id   r e t i c u l a r   s t r u c t u r e   with  the  e x t e r n a l   f r a m e  

and  for   the  s t i f f e n i n g   of  the  s a m e   e x t e r n a l   f r a m e .  

As  the  f o r c e s   c a u s e d   by  the  c o n t e m p o r a r y   o c c u r e n c e   of  the  s e i s m i c  

event   and  of  the  a c c i d e n t   c o n c e r n i n g   the  b u r s t   of  a  pipe  in  the  s t e a m  

g e n e r a t o r   p r i m a r y   c i r c u i t   can  act  w h e t h e r   r a d i a l l y   t o w a r d s   the  o u t -  

s ide  of  the  said  s u p p o r t   gr id ,   or  in  oppos i t e   d i r e c t i o n   that  is  t o w a r d s  

the  ins ide   of  the  s a m e ,   the  p r e s e n t   i nven t ion   p r o p o s e s   the  s t i f f e n i n g  

of  the  r e t i c u l a r   s t r u c t u r e   t h r o u g h   a  non  a x i a l l y   s l id ing   c o u p l i n g  

(that  is  a c c o r d i n g   to  the  s t r i p   axis)   b e t w e e n   s e c o n d a r y   s t r i p s   a n d  

m a i n   s t r i p s ,   the  s t i f f e n i n g   of  the  s t r i p - f r a m e   joint   by  a d o p t i n g  

s p e c i a l   m e c h a n i c a l   b l o c k i n g   jo in t s   (that  is  of  the  non  s l id ing   t y p e )  

b e t w e e n   the  ends  of  the  sa id   s t r i p s   and  the  sa id   f r a m e ,   and  t h e  

s t i f f e n i n g   of  the  s a m e   f r a m e   by  adop t ing   o r i g i n a l   c o n s t r u c t i v e  

s o l u t i o n s   which  g r e a t l y   i m p r o v e   the  s t i f f en ing   of  the  above  f r a m e  

and  of  the  s u p p o r t   of  the  r e t i c u l a r   s t r u c t u r e   on  the  said  f r a m e .  



D E S C R I P T I O N   OF  THE  I N V E N T I O N  

The  p r e s e n t   i n v e n t i o n   p r o p o s e s   d i f f e r e n t   e m b o d i m e n t s   for   t h e  

m a n u f a c t u r i n g   of  an  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   p r i n c i p a l l y   u s e d  

for  the  s u p p o r t   of  the  tubes   in  n u c l e a r   s t e a m   g e n e r a t o r s   type  P W R ,  

the  sa id   e m b o d i m e n t s   all  h a v i n g   as  aim  the  p r o b l e m   s o l u t i o n   of  t h e  

t e a r i n g   or  the  e x t r a c t i n g   of  the  s t r i p s '   ends  f rom  the  e x t e r n a l   f r a m e  

and  of  the  d e f o r m a t i o n   of  this  u n d e r   the  ac t ion   of  e x t e r n a l   f o r c e s  

ac t ing   i n s ide   the  s t r u c t u r e   of  the  s t r i p s .  

As  c o n c e r n s   the  suppo r t   r e t i c u l a r   s t r u c t u r e ,   the  i n v e n t i o n   p r o p o s e s  

the  i n c r e a s e   of  its  s t i f f n e s s   by  c o n n e c t i n g   with  a  n o n - s l i d i n g   j o i n t  

all  s e c o n d a r y   s t r i p s   or  only  s o m e   of  them  ( a c c o r d i n g   to  the  s t i f f n e s s  

r e q u i r e m e n t s   of  the  said  s t r u c t u r e )   with  p o r t i o n s   of  m a i n   s t r i p s ,   a t  

the  i n t e r s e c t i n g   zones   with  the  s a m e .   The  said  joining,   a c c o r d i n g   to  

the  i n v e n t i o n ,   is  ob t a ined   with  s lo t s   in  a b o v e - s a i d   s e c o n d a r y   s t r i p s  

at  the  sa id   i n t e r s e c t i o n   zones ,   the  above   said  s lo ts   hav ing   a  h e i g h t  

e q u i v a l e n t   to  about  1/5  or  1/6  of  the  s t r i p s   he ight   and  a d a p t e d   to  

r e c e i v e   wi thout   c l e a r a n c e   p o r t i o n s   of  ma in   s t r i p s .   D i f f e r e n t  

c o n s t r u c t i o n   v e r s i o n s   of  the  sa id   r e t i c u l a r   s t r u c t u r e   a re   p o s s i b l e  

with  d i f f e r e n t   quan t i t y   c o m b i n a t i o n s   o f  m a i n   s t r i p s   with  s lo t s   a n d  

of  the  s e c o n d a r y   s t r i p s   with  or  wi thou t   jo ining  s l o t s .  

A c c o r d i n g   to  the  i nven t ion   the  r e t i c u l a r   s t r u c t u r e   of  the  s u p p o r t   g r i d  

can  be  s t i f f e n e d   in  c o m p a r i s o n   with  the  w e l l - k n o w n   c o n v e n t i o n a l   o n e s  

(for  e x a m p l e   in  c o m p a r i s o n   with  the  one  d e s c r i b e d   in  the  C a n a d i a n  

patent   n.  1022410  a l lowed   to  the  s a m e   app l i c an t   of  the  p r e s e n t  

inven t ion)   by  adopt ing   a  c o m b i n a t i o n   which  uses   a  quan t i ty   of  m a i n  

s t r i p s   equal   to  1/6  of  the  total   a m o u n t   of  all  s t r i p s   and  a  quan t i ty   of 

s e c o n d a r y   s t r i p s   having  i n t e r e n g a g i n g   s lots   with  the  m a i n   ones  e q u a l  



to  5/6  of  the  total  a m o u n t   in  all  t h o s e   c a s e s   whe re   the  c a l c u l a t i o n  

of  the  r e t i c u l a r   s t r u c t u r e   r e q u i r e s   the  m a x i m u m   s t i f f n e s s ,   o b v i o u s l y  

for  p a r t i c u l a r   d i m e n s i o n s   of  the  s t r i p s .  

T h i c k n e s s   and  he igh t   a l r e a d y   p r e f i x e d   in  the  c a l c u l a t i o n .  

In  the  c a s e s   in  which  for  the  s a m e   d i m e n s i o n s   of  the  s t r i p s   t h e  

s t r u c t u r e   c a l c u l a t i o n   r e q u i r e s   a  l o w e r   s t i f f n e s s ,   wi thout   c h a n g e s   in  

the  quan t i ty   of  the  ma in   s t r i p s ,   that   is  1/6  of  the  total ,   the  i n v e n t i o n  

p r o p o s e s   a  q u a n t i t y   of  s e c o n d a r y   s t r i p s   with  i n t e r e n g a g i n g   s l o t s  

jo in ing   with  the  ma in   ones  equal   to  2 /6   of  the  s t r i p s   to ta l   and  a  

quan t i ty   of  the  s e c o n d a r y   s t r i p s   w i thou t   the  said  s lo ts   equa l   to  t h e  

r e m a i n i n g   d i f f e r e n c e   and  i.  e.  equal   to  3/6  of  the  s t r i p s   t o t a l .  

C o m b i n a t i o n s   d i f f e r i n g   f r o m   the  above   m e n t i o n e d   ones  a r e   p o s s i b l e ,  

a c c o r d i n g   to  the  i nven t ion ,   for  the  q u a n t i t i e s   of  m a i n   s t r i p s   with  s l o t s  

and  of  s e c o n d a r y   s t r i p s   with  or  w i thou t   s lo ts   for  the  s a m e   d i m e n s i o n s ,  

f ixed  in  the  c a l c u l a t i o n s ,   of  the  m a i n   and  s e c o n d a r y   s t r i p s ,   as  well  a s  

for  eve ry   s ing le   quan t i t y   c o m b i n a t i o n   of  main   and  s e c o n d a r y   s t r i p s   i t  

is  p o s s i b l e   to  f u r t h e r   s t i f fen ,   a c c o r d i n g   to  the  i nven t ion ,   the  r e t i c u l a r  

s t r u c t u r e   by  i n c r e a s i n g   only  the  he igh t   of  the  s e c o n d a r y   s t r i p s   w i t h  

s lo t s   and  i.  e.  the  height   of  the  sa id   s lo t s   and  not  the  he igh t   of  t h e  

s e c o n d a r y   s t r i p s   wi thout   s lo t s   s o  a s   not  to  r e d u c e   the  s t r e n g t h   of  t h e  

m a i n   s t r i p s   and  the  above   n a t u r a l l y   c o m p a t i b l e   with  the  load  l o s s  

a l l o w e d   by  the  s e c o n d a r y   c i r c u i t   in  which  are   i m m e r s e d   the  s a i d  

s u p p o r t   g r i d s .  

It  is  a p p r o p r i a t e   to  point  out  that  the  height   of  the  s e c o n d a r y   s t r i p  

with  s lo t s ,   a c c o r d i n g   to  the  i n v e n t i o n ,   is  equal  to  the  sum  of  t h e  

he igh t   of  the  s e c o n d a r y   s t r i p   wi thou t   s lo ts   and  of  the  he igh t   of  t h e  

s l o t s .  



As  c o n c e r n s   the  s t i f f n e s s   of  the  s t r i p s - f r a m e   joint   the  p r e s e n t  

i nven t ion   p r o p o s e s   some  c o n s t r u c t i o n   v e r s i o n s   which  c o m p l e t e l y  

solve  the  p r o b l e m   of  the  t e a r i n g   that  is  of  the  d r a w i n g   out  of  t h e  

s t r i p s '   ends  f r o m   the  f r a m e   u n d e r   the  ac t ion   of  e x t e r n a l   f o r c e s  

ac t i ng   i n s ide   the  s t r u c t u r e   of  the  said  s t r i p s ,   e i t h e r   at  r o o m  

t e m p e r a t u r e ,   or  at  o p e r a t i v e   t e m p e r a t u r e .  

The  c o n s t r u c t i o n   v e r s i o n s ,   a c c o r d i n g   to  the  i n v e n t i o n ,   a r e  

s u b s t a n t i a l l y   as  f o l l o w s :  

r)  s t r i p s - f r a m e   joint  of  the  dove ta i l   t y p e  

s)  s t r i p s - f r a m e   joint   of  the  h a l f - d o v e t a i l   t y p e  

t)  s t r i p s - f r a m e   joint  of  the  h a m m e r - h e a d   t y p e  

v)  s t r i p s - f r a m e   joint  of  the  h a l f - h a m m e r - h e a d   t y p e  

z)  s t r i p s - f r a m e   joint  of  the  pin  t y p e .  

For   e v e r y  o n e   of  the  f i r s t   4  types  r  -  s  -  t  -  v  -   t h e r e   a re   two  

c o n s t r u c t i o n   e m b o d i m e n t s :  

-  joint  with  c o n s t a n t   t h i c k n e s s   and  v a r i a b l e   h e i g h t  

-  joint  with  v a r i a b l e   t h i c k n e s s   and  c o n s t a n t   h e i g h t .  

The  choice   b e t w e e n   t he se   two  e m b o d i m e n t s   d e p e n d s   on  the  t h i c k n e s s  

of  the  s t r i p s .  

For   a  t h i c k n e s s   of  the  s t r i p s   of  about  3  -  5   mm.  ,   the  inven t ion   p r o p o s e s  

a  joint  with  c o n s t a n t   t h i c k n e s s   and  v a r i a b l e   h e i g h t .  

For   a  t h i c k n e s s   of  the  s t r i p s   of  about  6  -  10   mm.   or  m o r e   the  c h o i c e ,  

a c c o r d i n g   to  the  i nven t ion ,   can  fall  on  both  c o n s t r u c t i o n   types,   that  i s  

e i t h e r   on  the  type  with  cons t an t   t h i c k n e s s   and  v a r i a b l e   height,   or  on 



the  type  with  v a r i a b l e   t h i c k n e s s   and  c o n s t a n t   he igh t ,   a c c o r d i n g   t o  

the  e c o n o m i c   c o n v e n i e n c e   of  the  p e r t i n e n t   m e c h a n i c a l   m a c h i n i n g  

and  of  the  e x t e r n a l   f r a m e   m a c h i n i n g .  

F i n a l l y   the  p r e s e n t   i nven t ion   p r o p o s e s   s o m e   c o n s t r u c t i o n   e m b o d i m e n t s  

for  the  s t i f f n e s s   of  the  e x t e r n a l   f r a m e ,   e m b o d i m e n t s   which  c o n f e r   a  

r a i s e d   s t i f f n e s s   to  the  s ame ,   e i t h e r   cold  or  hot,  in  c o m p a r i s o n   w i t h  

the  w e l l - k n o w n   c o n v e n t i o n a l   s o l u t i o n s ,   e i t h e r   in  the  ca se   that  t h e  

sa id   f r a m e   is  f o r m e d   of  m a t e r i a l s   h a v i n g   the  s a m e   c o e f f i c i e n t   of  

t h e r m a l   e x p a n s i o n   of  the  grid  s t r i p s ,   or  in  the  ca se   that  the  s a i d  

f r a m e   is  f o r m e d   of  an  i n t e r n a l   f r a m e   f o r m e d   of  m a t e r i a l   hav ing   t h e  

s a m e   c o e f f i c i e n t   of  t h e r m a l   e x p a n s i o n   of  the  s t r i p s   and  of  an  e x t e r n a l  

f r a m e   f o r m e d   of  m a t e r i a l   hav ing   a  l o w e r   c o e f f i c i e n t   of  t h e r m a l  

e x p a n s i o n   than   that   of  the  s t r i p s .  

The  i n c r e a s e d   s t i f f n e s s   of  the  s u p p o r t   g r id   f r a m e   in  c o m p a r i s o n   w i t h  

the  w e l l - k n o w n   c o n v e n t i o n a l   s u p p o r t   g r i d s   (for  e x a m p l e   in  c o m p a r i s o n  

with  the  s u p p o r t   d e s c r i b e d   in  the  C a n a d i a n   pa t en t   n.  1022410  a l r e a d y  

m e n t i o n e d )   is  g u a r a n t e e d ,   a c c o r d i n g   to  the  p r e s e n t   i nven t ion ,   by  n e w  

and  o r i g i n a l   s o l u t i o n s   c o n c e r n i n g   the  s t r u c t u r e   of  the  said  f r a m e ,  

s t r u c t u r e   that   is  e x t e n d i n g   g e n e r a l l y   a x i a l l y   in  o r d e r   not  to  n a r r o w  

the  u se fu l   p a s s a g e   s e c t i o n   of  the  t ubes   of  the  s t e a m   g e n e r a t o r   or  h e a t  

e x c h a n g e r   t h r o u g h   the  g r a t i n g   of  the  s u p p o r t   g r i d .  

The  s t i f f n e s s   of  the  e x t e r n a l   f r a m e ,   a c c o r d i n g   to  the  i nven t ion ,   c a n  

a lso   be  i n c r e a s e d   by  the  a s s e m b l i n g   with  a  t ight  fit  of  the  v a r i o u s  

e l e m e n t s   f o r m i n g   the  s a m e .  

S u b s t a n t i a l l y   the  f r a m e s   built  with  m a t e r i a l s   hav ing   the  s ame   c o e f f i c i e n t  

of  t h e r m a l   e x p a n s i o n   of  the  s t r i p s ,   have  a  c o m p a c t   s t r u c t u r e   g e n e r a l l y  



f o r m e d   of  t h r e e   r i ngs   (two  of  which  g e n e r a l l y   s t r u c t u r a l l y   a l i k e )  

e n c l o s i n g   wi thou t   c l e a r a n c e   the  s t r i p s - f r a m e   joints  and  an  a n n u l a r  

p o r t i o n   of  the  r e t i c u l a r   s t r u c t u r e   a d j a c e n t   to  the  joint  i t s e l f   as  t o  

t r a n s m i t   the  e x t e r n a l   f o r c e s   (which  act  in  a c c o r d a n c e   with  the  a x i s  

of  the  tube  bund le )   d i r e c t l y   to  the  e x t e r n a l   f r a m e   and  not  t h r o u g h  

the  s t r i p s - f r a m e   joint ,   avo id ing   in  this  way  the  fa t igue   s t r e s s e s   o f  

the  said  jo int   and  a s s u r i n g   to  the  s a m e   a  long  l i f e .  

The  f r a m e s   bui l t   with  m a t e r i a l s   hav ing   d i f f e r en t   c o e f f i c i e n t   of  t h e r m a l  

e x p a n s i o n   a r e   f o r m e d ,   a c c o r d i n g   to  the  p r e s e n t   i nven t ion ,   of  5  r i n g s ,  

3  r i n g s   of  wh ich   for  the  c o m p a c t   i n t e r n a l   f r a m e   e n c l o s i n g   w i t h o u t  

c l e a r a n c e   the  s t r i p s - f r a m e   jo ints   and  an  a n n u l a r   e x t e r n a l   p o r t i o n   o f  

the  r e t i c u l a r   s t r u c t u r e   a d j a c e n t   to  the  joint  i t se l f   and  two  r i n g s   f o r  

the  e x t e r n a l   f r a m e   e n c l o s i n g   with  r a d i a l   c l e a r a n c e   (as  to  a l low  t h e  

d i f f e r e n t i a l   t h e r m a l   e x p a n s i o n   b e t w e e n   the  v a r i o u s   e l e m e n t s )   t h e  

i n t e r n a l   f r a m e .  

For   the  above   m e n t i o n e d   so lu t ion   with  5  r i ngs ,   the  p r e s e n t   i n v e n t i o n  

p r o p o s e s   f u r t h e r m o r e   two  c o n s t r u c t i o n   v e r s i o n s ,   one  s o l u t i o n   w i t h  

axial   h o l e s   p a s s i n g   in  all  5  r ings   (the  said  holes   used,   some   for   t h e  

p a s s a g e   of  the  p e r i p h e r a l   t e n s i o n   rods   of  axia l   f ixing  of  the  g r i d s '  

group  to  the  tube  p la te   of  the  s t e a m   g e n e r a t o r ,   and  o t h e r s   for  t h e  

p a s s a g e   of  the  s p a c e r s   and  of  the  t e n s i o n   rods   lock ing   the  e x t e r n a l  

f r a m e )   and  one  s o l u t i o n   with  the  sa id   holes   p a s s i n g   only  t h r o u g h - t h e  

two  r ings   of  the  e x t e r n a l   f r a m e .  

The  cho ice   of  one  or  of  the  o the r   so lu t ion   p r o p o s e d   by  the  i n v e n t i o n  

depends   on  the  r e s u l t s   of  the  c a l c u l a t i o n   of  the  s t r e s s e s ,   to  w h i c h  

the  i n t e r n a l   and  the  e x t e r n a l   f r a m e s   can  be  s u b m i t t e d ,   and  t h e r e f o r e  

on  the  r e q u i r e m e n t   of  hav ing   a  m o r e   r igid  i n t e r n a l   f r a m e   and  a  l e s s  

r ig id   e x t e r n a l   one  or  the  c o n t r a r y .  



The  a d v a n t a g e s   of  the  5  r ings   v e r s i o n ,   in  the  case   of  e a r t h q u a k e -  

p roof   s u p p o r t   g r id s   built   with  m a t e r i a l s   hav ing   d i f fe ren t   c o e f f i c i e n t  

of  t h e r m a l   e x p a n s i o n ,   in  c o m p a r i s o n   with  the  w e l l - k n o w n   c o n v e n t i o n a l  

s o l u t i o n s   a r e   e s s e n t i a l l y   t w o :  

-  i n c r e a s e d   s t i f f n e s s   of  the  s t r i p s - f r a m e   joint  and  of  the  f r a m e   i t s e l f ,  

g u a r a n t e e d   e i t h e r   with  cold  joint ,   that  is  at  room  t e m p e r a t u r e ,   o r  

with  hot  joint ,   that  is  at  o p e r a t i v e   t e m p e r a t u r e   (200-300°   C  a n d  

m o r e )  

-  total   e l i m i n a t i o n   of  the  h a r m f u l   f r e t t i n g   b e t w e e n   the  s t r i p s   a n d  

f r a m e   and  t h e r e f o r e   total  e l i m i n a t i o n   of  the  wear   of  the  s t r i p s '  

ends  unde r   the  ac t ion   of  the  sa id   f r e t t i n g   due  to  the  d i f f e r e n t i a l  

t h e r m a l   e x p a n s i o n   g e n e r a l l y   c o m b i n e d   with  the  ac t ion   of  t h e  

e x t e r n a l   f o r c e s   ac t ing   on  the  s t r i p s - f r a m e   contac t   zone.  In  f a c t  

be ing   the  i n t e r n a l   f r a m e   built   with  m a t e r i a l s   having  the  s a m e  

c o e f f i c i e n t   of  t h e r m a l   e x p a n s i o n   of  the  s t r i p s   m a t e r i a l ,   the  s a i d  

c o n t a c t   p a r t s   expand  and  c o n t r a c t   at  the  s ame   ra te   unde r   the  e f f e c t  

of  the  t e m p e r a t u r e   v a r i a t i o n s   and  t h e r e f o r e   the re   is  no  r e l a t i v e  

m o v e m e n t   of  the  said  con tac t   p a r t s   or  the  said  m o v e m e n t   r e s u l t s  

n e g l i g i b l e ,   in  the  case   of  s m a l l   i n e v i t a b l e   d i f f e r e n c e s   of  t h e  

c o e f f i c i e n t s   of  t h e r m a l   e x p a n s i o n   or  of  d i f f e r e n t   t e m p e r a t u r e   l e v e l  

of  the  said  p a r t s .   The  i m p o r t a n t   r e l a t i v e   m o v e m e n t   which  i s  

o b t a i n e d   by  effect   of  high  t e m p e r a t u r e   v a r i a t i o n s   b e t w e e n   t h e  

i n t e r n a l   f r a m e   and  the  e x t e r n a l   f r a m e   does   not  r e s u l t   h a r m f u l   f o r  

the  gr id  s u p p o r t   i n t eg r i t y ,   a c c o r d i n g   to  the  p r e s e n t   inven t ion ,   a s  

the  said  m o v e m e n t   o c c u r s   b e t w e e n   c o n t i n u o u s   s u r f a c e s   in  c o n t a c t  

with  s u f f i c i e n t l y   r igid  s t r u c t u r e s   f o r m i n g   the  said  f r a m e s .  

The  c o n s t r u c t i o n   v e r s i o n s   p r o p o s e d   by  the  p r e s e n t   inven t ion   c o n c e r n i n g  

the  e a r t h q u a k e - p r o o f   suppor t   gr id   for  s t e a m   g e n e r a t o r s .   h e a t  



e x c h a n g e r s   and  like  a p p a r a t u s ,   take  also  into  r e m a r k a b l e   a c c o u n t ,  

b e s i d e s   the  s t i f f n e s s   r e q u i r e m e n t s   of  the  said  suppor t ,   t h e  

s i m p l i f i c a t i o n   of  the  m e c h a n i c a l   m a c h i n i n g   and  of  the  a s s e m b l i n g  

o p e r a t i o n s   of  the  d i f fe ren t   c o m p o n e n t s   and  t h e r e f o r e   the  m a n u f a c t u r e  

e c o n o m y   c o m p a t i b l e   with  the  r e q u i r e m e n t s   of  h ighes t   s t i f f n e s s   of 

such  a  s u p p o r t   which  may  be  s u b m i t t e d ,   as  a l r e a d y   p r e v i o u s l y  

m e n t i o n e d ,   to  the  s t r o n g e s t   s t r e s s e s   caused   by  s e i s m i c   events   of 

the  h i g h e s t   g r a d e .  

SUMMARY  D E S C R I P T I O N   OF  THE  DRAWINGS 

With  r e f e r e n c e   to  the  d rawings   he re   enc losed ,   which  are   an  i n t e g r a l  

par t   of  the  p r e s e n t   d e s c r i p t i v e   paper ,   h e r e u n d e r   are  d e s c r i b e d  

de ta i l s   and  a d v a n t a g e s   of  the  p r e s e n t   invent ion,   which  a re   c l e a r l y  

i l l u s t r a t e d   in  the  said  d rawings ,   which  r e p r e s e n t   the  i l l u s t r a t i v e ,  

but  not  r e s t r i c t i v e ,   e m b o d i m e n t s   of  the  e a r t h q u a k e - p r o o f   s u p p o r t  

g r i d .  

Fig.  1  r e p r e s e n t s   the  s c h e m a t i c   a s s e m b l y   in  a  plan  view  of  t h e  

e a r t h q u a k e - p r o o f   suppor t   g r i d .  

Fig.  2  r e p r e s e n t s   in  view  a  typical   tern  of  th ree   d i f f e ren t   t y p e s  

of  lower   and  upper   s t r ips   with  the  p e r t i n e n t   s c h e m a t i c   c o n n e c t i o n s ,  

subjec t   of  the  p r e s e n t   i n v e n t i o n .  

Fig.  2(1).  2(1'),  2(2),  2(2')  each  r e p r e s e n t s  a   typical   tern  of  t h r e e  

d i f f e ren t   types   of  lower  and  upper   s t r i p s   having  at  each  end  a  n o n -  

s l id ing  c o n n e c t i o n ,   a c c o r d i n g   to  the  invent ion,   with  v a r i a b l e   s e c t i o n ,  

with  c o n s t a n t   t h i c k n e s s   and  v a r i a b l e   height.   r e s p e c t i v e l y   in  the  s h a p e  

of  doveta i l   fig.  2(1),  ha l f -dove ta i l   fig.  2(1'),  h a m m e r - h e a d   fig.  2(2) ,  

h a l f - h a m m e r - h e a d   fig.  2(2 ' ) .  



Fig.   2(3),  2(3') ,   2(4),  2(4')  each  r e p r e s e n t s   a  typica l   tern  of  t h r e e  

d i f f e r e n t   types   of  l o w e r   and  u p p e r   s t r i p s ,   hav ing   at  each  end  a  

n o n - s l i d i n g   c o n n e c t i o n ,   a c c o r d i n g   to  the  i nven t ion ,   with  v a r i a b l e  

s e c t i o n ,   with  c o n s t a n t   he ight   and  v a r i a b l e   t h i c k n e s s ,   r e s p e c t i v e l y  

in  the  shape  of  d o v e t a i l   fig.  2(3),  h a l f - d o v e t a i l   fig.  2(3'),  h a m m e r -  

head  fig.  2(4),  and  h a l f - h a m m e r - h e a d   fig.  2 ( 4 ' ) .  

Fig.   2(5)  r e p r e s e n t s   a  t yp ica l   t e rn   of  t h r e e   d i f f e r e n t   types  of  l o w e r  

and  upper   s t r i p s ,   hav ing   at  each  end  a  n o n - s l i d i n g   connec t ion ,   w i t h  

v a r i a b l e   s ec t i on ,   with  c o n s t a n t   t h i c k n e s s   and  cons t an t   height ,   w i t h  

c e n t r a l   hole  for  the  i n s e r t i o n   of  a  l ock ing   pin  in  the  said  c o n n e c t i o n .  

Fig.   3  r e p r e s e n t s   s c h e m a t i c a l l y   a  p a r t i a l   view  of  a  n u c l e a r   s t e a m  

g e n e r a t o r   of  a  P .  W.  R.   r e a c t o r   in  a  t yp i ca l   c r o s s - s e c t i o n   to  w h i c h  

the  p r e s e n t   i n v e n t i o n   a p p l i e s .  

Fig.   4  r e p r e s e n t s   in  a  l a r g e r   p a r t i a l   plan  view  and  in  a  p a r t i a l  

h o r i z o n t a l   s e c t i o n   the  u p p e r   and  i n t e r m e d i a t e   zone  of  the  t y p i c a l  

c o m p o n e n t s   of  the  a n n u l a r   f r a m e   of  the  e a r t h q u a k e - p r o o f   s u p p o r t  

g r i d .  

Fig.   5  r e p r e s e n t s   in  a  l a r g e r   p a r t i a l   plan  view  and  in  a  p a r t i a l  

h o r i z o n t a l   s e c t i o n   the  l ower   and  i n t e r m e d i a t e   zone  of  the  s a i d  

typ ica l   c o m p o n e n t s   of  the  a n n u l a r   f r a m e   of  the  e a r t h q u a k e - p r o o f  

s u p p o r t   g r i d .  

Fig.   6(1),  6(1'),  6(2),  6(2')  each  r e p r e s e n t s   the  p e r s p e c t i v e   e x p l o d e d  

view  of  a  t yp i ca l   pa i r ,   a c c o r d i n g   to  the  i nven t ion ,   of  lower   and  u p p e r  

s lo ts   with  v a r i a b l e   s e c t i o n ,   with  c o n s t a n t   width  and  v a r i a b l e   h e i g h t .  

f o r m e d   in  the  a n n u l a r   f r a m e   for  the  f i t t ing   r e s p e c t i v e l y   of  the  s a i d  

c o n n e c t i o n s   of  the  s t r i p s   with  c o n s t a n t   t h i c k n e s s   and  v a r i a b l e   h e i g h t ,  

in  the  shape  of  dove ta i l   fig.  6(1),  h a l f - d o v e t a i l   fig.  6(1'),  h a m m e r - h e a d  

fig.  6(2).  h a l f - h a m m e r - h e a d   fig.  6 ( 2 ' ) .  



Fig.   6(3),  6(3'),  6(4),  6(4')  each  r e p r e s e n t s   the  p e r s p e c t i v e   e x p l o d e d  

view  of  a  t yp ica l   pa i r ,   a c c o r d i n g   to  the  inven t ion ,   of  l ower   and  u p p e r  

s lo ts   with  v a r i a b l e   s ec t i on ,   with  c o n s t a n t   height   and  v a r i a b l e   w i d t h ,  

f o r m e d   in  the  a n n u l a r   f r a m e   for  the  f i t t ing  r e s p e c t i v e l y   of  t h e  

said  c o n n e c t i o n s   of  the  s t r i p s ,   with  c o n s t a n t   he ight   and  v a r i a b l e  

t h i c k n e s s ,   in  the  shape   of  dove ta i l   fig.  6(3),  h a l f - d o v e t a i l   fig.  6 ( 3 ' ) ,  

h a m m e r - h e a d   fig.  6(4),  h a l f - h a m m e r - h e a d   fig.  6 (4 ' ) .  

F i g .  7 ( 1 ) ,  7 ( 1 ' ) ,  7 ( 2 ) ,  7 ( 2 ' )   each  r e p r e s e n t s   a  p e r s p e c t i v e   e x p l o d e d  

view  of  a  t y p i c a l   p a i r ,   a c c o r d i n g   to  the  i nven t ion ,   of  c o n n e c t i o n s   w i t h  

v a r i a b l e   s e c t i o n ,   with  c o n s t a n t   t h i c k n e s s   and  v a r i a b l e   height ,   of  t h e  

ends  of  the  l o w e r   and  upper   s t r i p s ,   r e s p e c t i v e l y   in  the  shape   o f  

dove ta i l   fig.  7(1),  h a l f - d o v e t a i l   fig.  7(1'),  h a m m e r - h e a d   fig.  7 (2 ) ,  

h a l f - h a m m e r - h e a d   fig.  7 (2 ' ) .  

Fig.   7(3),  7(3') ,   7(4),  7(4')  each  r e p r e s e n t s   a  p e r s p e c t i v e   e x p l o d e d  

view  of  a  t y p i c a l   p a i r ,   a c c o r d i n g   to  the  i nven t ion ,   of  c o n n e c t i o n s   w i t h  

v a r i a b l e   s e c t i o n ,   with  c o n s t a n t   height   and  v a r i a b l e   t h i c k n e s s ,   of  t h e  

ends  of  the  l o w e r   and  upper   s t r i p s   hav ing   the  p ro f i l e   r e s p e c t i v e l y   i n  

the  shape  of  d o v e t a i l   fig.  7(3),  h a l f - d o v e t a i l   fig.  7(3'),  h a m m e r - h e a d  

fig.  7(4),  h a l f - h a m m e r - h e a d   fig.  7 (4 ' ) .  

Fig.   8  r e p r e s e n t s   the  exploded  c r o s s - s e c t i o n   VIII-VIII   of  Fig.   1,  i n  

o r d e r   to  show  the  t yp i ca l   a s s e m b l i n g   b e t w e e n   a  tube  suppo r t   gr id   a n d  

the  shell   500  w h e r e i n   a re   moun ted   and  spaced   the  v a r i o u s   s u p p o r t   g r i d s .  

This   f igure   8  shows   the  w e l l - k n o w n   s p a c e r s   600  be tween   any  two  g r i d s  

for  the  axia l   p o s i t i o n i n g   of  the  same   and  the  w e l l - k n o w n   wedges   700 

for  the  r ad i a l   p o s i t i o n i n g   of  each  s u p p o r t   g r i d .  

Fig.  8(1),  8(1'),  8(2')  each  r e p r e s e n t s   a  p e r s p e c t i v e   view  of  a  t y p i c a l  

sec t ion ,   a c c o r d i n g   to  the  invent ion.   of  the  lower   and  upper   a n n u l a r  



c h a m b e r s   of  the  a n n u l a r   f r a m e   for  the  f i t t ing  of  the  sa id   c o n n e c t i o n s   . 

of  the  ends  of  the  s t r i p s   and  of  the  s p a c e r s   b e t w e e n   the  said  c o n n e c t i o n s ,  

the  sa id   c h a m b e r s   having  the  p r o f i l e   of  the  v e r t i c a l   s e c t i o n  

r e s p e c t i v e l y   in  the  shape   of  d o v e t a i l   fig.  8(1),  h a l f - d o v e t a i l   fig.  8 (1 ' )  

and  h a l f - h a m m e r - h e a d   fig.  8 ( 2 ' ) .  

Fig.   9( la)   and  9(2a)  each  r e p r e s e n t s   a  t yp ica l   s e c t i o n ,   a c c o r d i n g   to  

the  i n v e n t i o n ,   F ( x ) - F ( x )   of  Fig.   1  and  r e f e r s   to  the  e x e c u t i o n   of  t h e  

a n n u l a r   f r a m e   of  the  3  r i ngs   s u p p o r t   grid  with  the  sa id   lower   a n d  

u p p e r   i n n e r   a n n u l a r   c h a m b e r s   hav ing   the  p r o f i l e   of  the  v e r t i c a l   s e c t i o n  

r e s p e c t i v e l y   in  the  shape   of  d o v e t a i l   fig.  9( la) ,   h a l f - d o v e t a i l   a c c o r d i n g  

to  the  i n t e r r u p t e d   line  of  fig.  9( la)   and  h a l f - h a m m e r - h e a d   fig.  9 (2a) .  

F ig .   9(lb)  and  9(2b)  each  r e p r e s e n t s   a  t y p i c a l   s e c t i o n   F ( x ) - F ( x )   of 

Fig.   1  and  r e f e r s   to  the  e x e c u t i o n   of  the  a n n u l a r   f r a m e   of  the  5  r i n g s  

s u p p o r t   grid,   a c c o r d i n g   to  the  invent ion ,   3  i n t e r m e d i a t e   r ings   of  w h i c h  

f o r m i n g   the  i n t e r m a d i a t e   f r a m e   and  2  e x t e r n a l   r i n g s   f o r m i n g   t h e  

e x t e r n a l   a n n u l a r   f r a m e   f o r m e d   of  m a t e r i a l   hav ing   l o w e r   e x p a n s i o n  

c o e f f i c i e n t   than  the  i n t e r m e d i a t e   f r a m e ,   the  sa id   i n t e r m e d i a t e   f r a m e  

hav ing   in  the  inner   zone  the  sa id   lower   and  u p p e r   a n n u l a r   c h a m b e r s ,  

the  v e r t i c a l   s ec t i on   of  which  has   a  p r o f i l e   r e s p e c t i v e l y   in  the  s h a p e  

of  d o v e t a i l   fig.  9(lb),  h a l f - d o v e t a i l   a c c o r d i n g   to  the  i n t e r r u p t e d   l i n e  

of  fig.  9(lb)  and  h a l f - h a m m e r - h e a d   fig.  9(2b) .  

Fig.   9 ( lb ' )   and  9(2b')  each  r e p r e s e n t s   an  a l t e r n a t i v e   so lu t ion   to  t h e  

one  i l l u s t r a t e d   r e s p e c t i v e l y   in  the  f i g u r e s   9(lb)  and  9(2b)  and  c o n c e r n s  

the  e x e c u t i o n   of  the  a n n u l a r   f r a m e   with  5  r i ngs   with  axia l   holes  ( fo r  

the  p a s s a g e   of  the  t e n s i o n   rod  200  fixing  the  s u p p o r t   grid  to  t h e  

t u b e - p l a t e   of  the  s t e a m   g e n e r a t o r   and  of  the  p e r i p h e r a l   t ens ion   rods  800  

l o c k i n g   the  a n n u l a r   f r a m e )   f o r m e d   in  the  two  e x t e r n a l   r ings   i n s t ead   i n  

the  5  r i ngs   as  in  f i g u r e s   9(lb)   and  9(2b).  



Fig.  9 ( l a ' )   and  9(2a')  each  r e p r e s e n t s   a  typ ica l   s ec t i on   F ( x ) - F ( x )  

of  Fig.   1  and  r e f e r s   to  the  e x e c u t i o n   of  the  3  r ings   a n n u l a r   f r a m e  

with  l o w e r   and  uppe r   m i l l e d   ax ia l   s l o t s ,   with  v a r i a b l e   s e c t i o n ,   w i t h  

c o n s t a n t   width  and  v a r i a b l e   he igh t ,   f o r m e d   in  the  i n t e r m e d i a t e   r i n g  

and  hav ing   the  p ro f i l e   r e s p e c t i v e l y   in  the  shape  of  dove ta i l   fig.  9 ( l a ' ) ,  

h a l f - d o v e t a i l   a c c o r d i n g   to  the  i n t e r r u p t e d   line  of  Fig.  9 ( l a ' ) ,   h a m m e r -  

head  fig.  9(2a')  and  h a l f - h a m m e r - h e a d   a c c o r d i n g   to  the  i n t e r r u p t e d  

line  of  fig.  9 ( 2 a ' ) .  

Fig.   9(3a')   and  9(4a')  each  r e p r e s e n t s   a  t yp ica l   s ec t ion   of  the  s a i d  

i n t e r m e d i a t e   r ing   in  an  e x e c u t i o n   in  a l t e r n a t i v e   to  the  one  i l l u s t r a t e d  

r e s p e c t i v e l y   in  f i g u r e s   9 ( Ia ' )   and  9(2a ' ) ,   with  lower   and  u p p e r   m i l l e d  

axial   s lo ts   with  v a r i a b l e   s e c t i o n ,   with  c o n s t a n t   height   and  v a r i a b l e  

width,  f o r m e d   in  the  said  i n t e r m e d i a t e   r ing  and  having  the  p r o f i l e  

r e s p e c t i v e l y   in  the  shape   of  d o v e t a i l   fig.  9(3a'),  h a l f - d o v e t a i l  

a c c o r d i n g   to  the  i n t e r r u p t e d   l ine  of  fig.  9(3a') ,   h a m m e r - h e a d  

fig.  9(4a')  and  h a l f - h a m m e r - h e a d   a c c o r d i n g   to  the  i n t e r r u p t e d   l i n e  

of  fig.  9 ( 4 a ' ) .  

Fig.  10  r e p r e s e n t s   a  t yp ica l   v e r t i c a l   s e c t i o n   of  the  i n t e r m e d i a t e  

r ing  in  the  e x e c u t i o n   of  the  3  r i n g s   a n n u l a r   f r a m e   of  fig.  9(2a)  as  w e l l  

as  in  the 5  r i ngs   e x e c u t i o n   of  fig.  9(2b),  9 (2b ' ) .  

Fig.   11(3),  11(4)  each  r e p r e s e n t s   a  t y p i c a l   h o r i z o n t a l   s e c t i o n  

M(x) -M(x)   of  the  i n t e r m e d i a t e   r i ng   of  Fig.   10  and  r e f e r s   to  t h e  

e x e c u t i o n   of  the  a n n u l a r   f r a m e   in  a l t e r n a t i v e   to  the  one  r e p r e s e n t e d  

in  fig  9(la),   9(lb),  9( lb ' ) ,   9(2a),  9 (2b )  and  9 (2b ' ) ,   with  l o w e r   a n d  

upper   s lots ,   d e l i m i t e d   by  s p a c e r s   with  v a r i a b l e   sec t ion ,   w i t h  

c o n s t a n t   height  and  v a r i a b l e   width,   hav ing   the  p rof i le   r e s p e c t i v e l y   in  

the  shape  of  doveta i l   fig.  11(3),  h a l f - d o v e t a i l   a c c o r d i n g   to  t h e  



i n t e r r u p t e d   l ine  of  fig.  11 (3),  h a m m e r - h e a d   fig.  11 (4)  and  h a l f -  

h a m m e r - h e a d   a c c o r d i n g   to  the  i n t e r r u p t e d   line  of  fig.  1 1 ( 4 ) .  

Fig.  11(5)  r e p r e s e n t s   a  v e r t i c a l   s e c t i o n   and  a  t yp i ca l   plan  view  o f  

the  a n n u l a r   f r a m e   c o n t a i n i n g   the  c o n n e c t i o n s   of  the  ends  of  the  s t r i p s  

of  the  pin  type  r e p r e s e n t e d   in  fig.  2(5),  in  v a r i a n t   to  the  e x e c u t i o n  

with  3  and  5  r i n g s   r e p r e s e n t e d   in  fig.  9( la) ,   9(lb) ,   9(1b') ,   9 ( 2 a ) ,  

9(2b),  9(2b'),   the  sa id   v a r i a n t s   r e f e r r i n g   only  to  the  pin  c o n n e c t i o n  

of  the  ends  of  the  s t r i p s   and  to  the  type  of  s p a c e r s   b e t w e e n   the  s a i d  

c o n n e c t i o n s .  

Fig.  1 2 ( l a ' )   and  12(2a ' )   each  r e p r e s e n t s   a  t yp i ca l   v e r t i c a l   s e c t i o n  

and  a  p a r t i a l   p lan   view  of  the  i n t e r m e d i a t e   r ing   r e p r e s e n t e d  

r e s p e c t i v e l y   in  fig.  9 ( l a ' )   and  9 ( 2 a ' ) .  

Fig.  13( lb) ,   13(1b ' ) ,   13(2b)  and  13(2b')   each  r e p r e s e n t s   the  c o m p o n e n t s  

of  the  e a r t h q u a k e - p r o o f   s u p p o r t   gr id,   a c c o r d i n g   to  the  i n v e n t i o n ,   in  a n  

exploded   view  and  r e f e r s   to  the  5  r ings   e x e c u t i o n   of  the  a n n u l a r   f r a m e  

r e s p e c t i v e l y   r e p r e s e n t e d   in  fig.  9(lb)  for  the  fig.  13( lb ) ;   9 ( lb ' )   f o r  

the  fig.  1 3 ( l b ' ) ;   9(2b)  for  the  fig.  13(2b)  and  9(2b')  for  the  fig.  1 3 ( 2 b ' ) .  

Fig.  25(1),  25(1 ' ) ,   2 5 ( 2 ) ,  2 5 ( 2 ' )   r e p r e s e n t   in  a  v e r t i c a l   s e c t i o n  

a c c o r d i n g   to  a  p lan   p a r a l l e l   to  the  s t r i p s   and  in  a  l a t e r a l   view  t h e  

shaped   l o w e r   s p a c e r s   b e t w e e n   the  c o n n e c t i o n s   with  c o n s t a n t   t h i c k n e s s  

and  v a r i a b l e   he igh t   of  the  ends  of  the  l o w e r   s t r i p s ,   r e s p e c t i v e l y  

fig.  25(1)  r e p r e s e n t s   the  l ower   s p a c e r s   of  the  dove t a i l   type  2 5 ' ( 1 ) ;  

the  fig.  25(1 ')   the  l o w e r   s p a c e r s   of  the  h a l f - d o v e t a i l   type  25(1 ' ) ;   t h e  

fig.  25(2)  the  l o w e r   s p a c e r s   of  the  h a m m e r - h e a d   type  25'(2)  and  t h e  

fig.  25(2')  the  l o w e r   s p a c e r s   of  the  h a l f - h a m m e r - h e a d   type  2 5 ( 2 ' ) .  

Fig.  26(1),  26(1 ' ) ,   26(2),  26(2')  r e p r e s e n t   the  s h a p e d   u p p e r   s p a c e r s  



b e t w e e n   the  c o n n e c t i o n s   with  cons t an t   t h i c k n e s s   and  v a r i a b l e   he ight   of  

the  ends  of  the  u p p e r   s t r i p s ;   r e s p e c t i v e l y   the  fig.  26(1)  r e p r e s e n t s  

the  uppe r   s p a c e r s   of  the  doveta i l   type  26 ' (1) ;   the  fig.  26(1')  the  u p p e r  

s p a c e r s   of  the  h a l f - d o v e t a i l   type  26(1') ;   the  fig.  26(2)  the  uppe r   s p a c e r s  

of  the  h a m m e r - h e a d   type  26'(2)  and  the  fig.  26(2 ' )   the  uppe r   s p a c e r s  

of  the  h a l f - h a m m e r - h e a d   type  2 6 ( 2 ' ) .  

Fig.   26(3),  26(4),  26(5)  r e p r e s e n t   the  v e r t i c a l   s e c t i o n   V-V  a c c o r d i n g  

to  a  plan  p a r a l l e l   to  the  s t r i p s   r e s p e c t i v e l y   of  the  l o w e r   s p a c e r s   a n d  

of  the  uppe r   s p a c e r s   r e p r e s e n t e d   in  the  fig.  11(3),  11 (4),  11 (5 ) ;  

r e s p e c t i v e l y   the  fig.  26(3)  r e p r e s e n t s   the  s p a c e r s   of  the  dove ta i l   t y p e ,  

l o w e r   s p a c e r s   25(3),  u p p e r   s p a c e r s   26(3)  and  of  the  h a l f - d o v e t a i l   t y p e  

l o w e r   s p a c e r s   25(3 ' ) ,   u p p e r   ones  26(3') ;  the  fig.  26(4)  r e p r e s e n t s   t h e  

s p a c e r s   of  the  h e a d - h a m m e r   type  -   lower   ones   25(4),  u p p e r   ones  26 (4 )  

and  of  the  h a l f - h a m m e r - h e a d   type,  lower   ones   25(4 ' ) ,   upper   ones  2 6 ( 4 ' ) ;  

the  fig.  26(5)  r e p r e s e n t s   the  s p a c e r s   of  double   "I"  type ,   l o w e r  

ones  25(5)  and  u p p e r   ones  26(5),  b e t w e e n   the  c o n n e c t i o n s   of  the  e n d s  

of  the  lock ing   pin  type  s t r i p s .  

Fig.  26(3'),   26(4')  r e p r e s e n t   the  h o r i z o n t a l   s e c t i o n   0-0  of  the  s p a c e r s  

of  the  type  r e s p e c t i v e l y   h a l f - d o v e t a i l   25(3 ' ) ,   26(3')   and  h a l f - h a m m e r -  

head  25(4'),   26(4')  r e p r e s e n t e d   r e s p e c t i v e l y   in  the  fig.  26(3)  and  26(4 ) .  

Fig.   27(5)  r e p r e s e n t s   in  s ec t ion   and  in  view  the  l ock ing   pin  107 

i n s e r t e d   in  the  hole  106  of  the  c o n n e c t i o n   of  the  ends  of  the  l o c k i n g  

pin  type  s t r i p s .  

The  r e t i c u l a r   s t r u c t u r e   of  the  e a r t h q u a k e - p r o o f   s u p p o r t   grid  has  b e e n  

d i f fuse ly   i l l u s t r a t e d   at  the  beginning   of  the  p r e s e n t   d e s c r i p t i o n   a s  

c o n c e r n s   the  s t i f f n e s s   of  the  said  s t r u c t u r e .  



Fig .   2  c l e a r l y   shows   the  d i f f e ren t   types   of  l o w e r   and  upper   s t r i p s   - 

f o r m i n g   the  said  r e t i c u l a r   s t r u c t u r e .  

The  m a i n   l ower   1(x)  and  u p p e r   2(x)  s t r i p s   have   the  ma in   s lots   19 

e q u a l l y   s p a c e d   hav ing   a  depth  equal  to  the  half   of  the  s t r ip   h e i g h t .  

The   sa id   s lo t s   19  a re   n e c e s s a r y   for  the  e n g a g e m e n t   of  the  m a i n  

l o w e r   s t r i p s   with  the  u p p e r   ones  at  the  i n t e r s e c t i n g   zones .   B e t w e e n  

the  sa id   m a i n   s lo t s   19  a r e   ob ta ined   the  s e c o n d a r y   s lo ts   20  e q u a l l y  

s p a c e d   for  the  f i t t ing   of  the  s e c o n d a r y   l o w e r   3(x),  5(x)  and  u p p e r  

2(x),  4(x)  s t r i p s .   The  said  s lots   20  have  a  dep th   g e n e r a l l y   e q u a l  

to  1 / 3  -   1/4  of  the  he igh t   of  the  main   s t r i p .  

The  s e c o n d a r y   l o w e r   3(x)  and  upper   4(x)  s t r i p s   have  a lso   s lots   21 ,  

a c c o r d i n g   to  the  i n v e n t i o n ,   equal ly   s p a c e d ,   with  d i s t a n c e   equal  t o  

the  d i s t a n c e   e x i s t i n g   b e t w e e n   the  s lo ts   19  of  the  m a i n   s t r i p s .   T h e  

sa id   s lo t s   21  have  a  depth   equal  to  1 / 4  -   1/6  of  the  height   of  t h e  

sa id   s e c o n d a r y   s t r i p   3(x),  4(x)  and  a re   p r o v i d e d   for  the  e n g a g e m e n t  

of  the  said  s t r i p s   with  c o r r e s p o n d i n g   p o r t i o n s   of  ma in   s t r i p s ,   a t  

the  i n t e r s e c t i n g   zones   t h e r e b e t w e e n ,   a c c o r d i n g   to  the  invent ion ,   i n  

o r d e r   to  s t i f fen   c o n s i d e r a b l y   the  r e t i c u l a r   s t r u c t u r e .   The  h e i g h t  

of  the  sa id   s e c o n d a r y   s t r i p s   3(x)  and  4(x)  with  s lo t s   21  is  e q u a l ,  

a c c o r d i n g   to  the  i n v e n t i o n ,   to  the  sum  of  the  he igh t   of  the  s e c o n d a r y  

s t r i p s   5(x),  6(x)  wi thout   s lo ts   and  of  the  depth   of  the  said  slots   21 .  

H e r e u n d e r   a re   d e s c r i b e d   the  main  c h a r a c t e r i s t i c s   of  the  e a r t h q u a k e -  

p roof   s u p p o r t   gr id,   a c c o r d i n g   to  the  i n v e n t i o n ,   as  c o n c e r n s   t h e  

s t i f f n e s s   of  the  s t r i p s - f r a m e   joim  and  of  the  f r a m e   i t s e l f .  

F u r t h e r m o r e   a re   l i s t ed   the  typica l   s u p p o r t s   and  the  p e r t i n e n t   m a i n  

c h a r a c t e r i s t i c s ,   by  i n d i v i d u a l i z i n g   e v e r y   t y p i c a l   s u p p o r t   with  a  

n u m b e r   a n d / o r   a  l e t t e r   which  s ta tes   the  c o n s t r u c t i o n   type  of  the  s a i d  



s u p p o r t ,   a c c o r d i n g   to  the  i n v e n t i o n :  

-  E A R T H Q U A K E - P R O O F   S U P P O R T   GRID  WITH  C O N N E C T I O N S   OF  T H E  

ENDS  OF  THE  S T R I P S   WITH  V A R I A B L E   S E C T I O N ,   WITH  C O N S T A N T  

T H I C K N E S S   110  AND  V A R I A B L E   H E I G H T ,   g r e a t e r   he ight   142  a n d  

t h e r e f o r e   g r e a t e r   s e c t i o n ,   at  the  f r ee   end  13,  14  of  the  said  c o n n e c t i o n s  

and  lower   he igh t   141  and  t h e r e f o r e   s m a l l e r   s e c t i o n ,   at  the  root   9,  10 

of  the  said  c o n n e c t i o n s :  

1.  -  c o n n e c t i o n s   in  the  shape  of  dove ta i l   7(1)  and  8(1)  r e s p e c t i v e l y   o f  

the  ends  of  the  l o w e r   s t r i p s   1(1),  3(1),  5(1)  and  of  the  u p p e r   s t r i p s  

2(1),  4(1),  6 (1) ;  

1'.  c o n n e c t i o n s   in  the  shape  of  h a l f - d o v e t a i l   7(1'),  8(1')  r e s p e c t i v e l y  

of  the  ends  of  the  lower   s t r i p s   1(1'),  3(1') ,   5(1')  and  of  the  u p p e r  

s t r i p s   2(1'),  4(1') ,   6 (1 ' ) ;  

2 .  -   c o n n e c t i o n s   in  the  shape  of  h a m m e r - h e a d   7(2),  8(2)  r e s p e c t i v e l y   of  

of  the  ends  of  the  lower   s t r i p s   1(2),  3(2),  5(2)  and  of  the  u p p e r  

s t r i p s   2(2),  4(2),  6(2);  

2 ' .  -   c o n n e c t i o n s   in  the  shape  of  h a l f - h a m m e r - h e a d   7(2'),  8 ( 2 ' )  

r e s p e c t i v e l y   of  the  ends  of  the  l o w e r   s t r i p s   1(2'),  3(2'),  5(2')  a n d  

of  the  uppe r   s t r i p s   2(2'),  4(2'),  6 ( 2 ' ) ;  

-  E A R T H Q U A K E - P R O O F   S U P P O R T   GRID  WITH  C O N N E C T I O N S   OF  T H E  

ENDS  OF  THE  STRIPS  WITH  V A R I A B L E   S E C T I O N ,   WITH  C O N S T A N T  

HEIGHT  140  AND  VARIABLE  T H I C K N E S S ,   g r e a t e r   t h i c k n e s s   115  a n d  

t h e r e f o r e   g r e a t e r   s e c t i o n   at  the  free  end  13,  14  of  the  said  c o n n e c t i o n s  

and  lower   t h i c k n e s s   114  and  t h e r e f o r e   s m a l l e r   sec t ion   at  the  root   9,  10 

of  the  said  c o n n e c t i o n s :  

3.  -  c o n n e c t i o n s   in  the  shape  of  dove ta i l   7(3),  8(3)  r e s p e c t i v e l y   of  t h e  



ends  of  the  l o w e r   s t r i p s   1(3),  3(3),  5(3)  and  of  the  uppe r   s t r i p s  

2(3),  4(3),  6(3) ;  

3'.  -  c o n n e c t i o n s   in  the  shape   of  h a l f - d o v e t a i l   7(3'),  8(3')  r e s p e c t i v e l y  

of  the  ends  of  the  lower   s t r i p s   1(3'),  3(3') ,   5(3')  and  of  the  u p p e r  

s t r i p s   2(3') ,   4(3 ') ,   6 (3 ' ) ;  

4.  -  c o n n e c t i o n s   in  the  shape   of  h a m m e r - h e a d   7(4),  8(4)  r e s p e c t i v e l y  

of  the  ends  of  the  l ower   s t r i p s   (1(4),  3(4),  5(4)  and  of  the  u p p e r  

s t r i p s   2(4),  4(4),  6(4);  

4 ' .  -   c o n n e c t i o n s   in  the  shape  of  h a l f - h a m m e r - h e a d   7(4'),  8 ( 4 ' )  

r e s p e c t i v e l y   of  the  ends  of  the  l o w e r   s t r i p s   1(4'),  3(4'),   5 ( 4 ' )  

and  of  the  u p p e r   s t r i p s   2(4'),  4(4 ') ,   6 ( 4 ' ) ;  

-  E A R T H Q U A K E - P R O O F   S U P P O R T   G R I D  W I T H   C O N N E C T I O N S   OF  T H E  

ENDS  OF  THE  S T R I P S  W I T H   V A R I A B L E   S E C T I O N ,   WITH  C O N S T A N T  

T H I C K N E S S   110  AND  C O N S T A N T   H E I G H T   1 4 0  :  

5.  -  c o n n e c t i o n s   (with  c e n t r a l   hole  106  and  l ock ing   pin  107),  7(5)  a n d  

8(5)  r e s p e c t i v e l y   of  the  ends  of  the  l o w e r   s t r i p s   1(5),  3(5),  5 ( 5 )  

and  of  the  u p p e r   s t r i p s   2(5),  4(5),  6(5) .  

Each   of  the  f i r s t   eight   c o n s t r u c t i o n   v e r s i o n s   above  m e n t i o n e d   can  b e  

c o m b i n e d ,   a c c o r d i n g   to  the  inven t ion ,   with  a n y  o n e   of  the  fo l lowing   f o u r  

c o n s t r u c t i o n   v e r s i o n s   of  the  a n n u l a r   f r a m e  e n c l o s i n g   the  said  c o n n e c t i o n s  

of  the  s u p p o r t   g r i d :  

a.  -  E A R T H Q U A K E - P R O O F   S U P P O R T   GRID  WITH  ANNULAR  F R A M E  

30(a)  F O R M E D   OF  3  RINGS,  o v e r l a p p e d   and  e n c l o s i n g   the  s a i d  

c o n n e c t i o n s   of  the  ends  of  the  s t r i p s   and  the  s p a c e r s   b e t w e e n   t h e  

said  c o n n e c t i o n s ;  



a'.  -  E A R T H Q U A K E  - P R O O F   S U P P O R T   GRID  WITH  A N N U L A R   F R A M E  

30(a ' )   F O R M E D   OF  3  RINGS,  THE  I N T E R M E D I A T E   RING  O F  

WHICH  HAVING  L O W E R   AND  U P P E R   M I L L E D   SLOTS,   for  t h e  

f i t t ing   of  the  c o n n e c t i o n s   of  the  ends  of  the  s t r i p s ;  

b.  -  E A R T H Q U A K E - P R O O F   S U P P O R T   GRID  WITH  I N T E R M E D I A T E  

A N N U L A R   F R A M E   30(b)  F O R M E D   OF  T H R E E   RINGS  o v e r l a p p e d  

and  e n c l o s i n g   the  sa id   c o n n e c t i o n s   of  the  ends  of  the  s t r i p s   a n d  

the  S P A C E R S   B E T W E E N   THE  SAID  C O N N E C T I O N S   and  w i t h  

E X T E R N A L   A N N U L A R   F R A M E   40(b)  F O R M E D   OF  TWO  R I N G S  

o v e r l a p p e d   and  e n c l o s i n g   the  said  i n t e r m e d i a t e   a n n u l a r   f r a m e  

with  a d e q u a t e   c l e a r a n c e   50  for  the  d i f f e r e n t i a l   t h e r m a l   e x p a n s i o n  

b e t w e e n   the  m a t e r i a l s   with  d i f f e r en t   c o e f f i c i e n t   of  t h e r m a l  

e x p a n s i o n   of  the  i n t e r m e d i a t e   a n n u l a r   f r a m e   30(b)  and  of  t h e  

e x t e r n a l   a n n u l a r   f r a m e   40(b).  The  s p a c e r s   and  t e n s i o n   rods   800 

for  the  lock ing   of  the  e x t e r n a l   f r a m e   and  the  t e n s i o n   rods   200  

for  the  f ixing  of  the  g r id   to  the  tube  plate  400  of  the  s t e a m  

g e n e r a t o r   c r o s s   all  five  r ings ,   being  f o r e s e e n   an  a d e q u a t e  

c l e a r a n c e   202  (for  the  d i f f e r e n t i a l   e x p a n s i o n   of  the  d i f f e r e n t  

m a t e r i a l s )   b e t w e e n   the  said  t en s ion   rods   and  the  ho les   made   i n  

the  t h r e e   i nne r   r i n g s .  

b'.  -  E A R T H Q U A K E - P R O O F   S U P P O R T   GRID  WITH  5  RINGS,  a s  

p r e v i o u s l y   d e s c r i b e d   at  point  b,  with  the  only  d i f f e r e n c e   that  t h e  

said  t e n s i o n   rods   800  for  the  locking   of  the  e x t e r n a l   f r a m e   a n d  

the  said  t e n s i o n   r o d s   200  for  the  f ixing  of  the  g r id   to  the  t u b e  

p la te   400  c r o s s   only  the  two  e x t e r n a l   r ings   and  not  all  5  r i n g s  

as  per   the  c o n s t r u c t i o n   so lu t ion   b. 

The  c o m b i n a t i o n   of  any  c o n s t r u c t i o n   v e r s i o n   of  the  c o n n e c t i o n s   1,  1',  2, 

2',  3,  3',  4  and  4'  of  the  ends   of  the  s t r i p s   1 (x) -  6(x)  with  a n y  

c o n s t r u c t i o n   v e r s i o n   of  the  a n n u l a r   f r a m e   a,  a',  b,  b',  e n c l o s i n g   t h e  

sa id   c o n n e c t i o n s ,   l eads   to  4  d i f f e r e n t   c o n s t r u c t i o n   t ypes   of  the  e a r t h -  

q u a k e - p r o o f   suppo r t   g r i d .  



For   e x a m p l e ,   by  c o m b i n i n g   the  c o n n e c t i o n   1  with  the  a n n u l a r   f r a m e   a  

the  suppo r t   grid  of  type  la  is  o b t a i n e d ;   by  c o m b i n i n g   the  c o n n e c t i o n   1 

with  the  a n n u l a r   f r a m e   a'  the  s u p p o r t   g r id   la '   is  obtained  and  the  s a m e  

a p p l i e s   to  the  s u p p o r t s   1b  and  Ib ' ;   the  s a m e   for  the  c o n n e c t i o n s   1'  w h i c h  

in  c o m b i n a t i o n   r e s p e c t i v e l y   with  the  a n n u l a r   f r a m e s   of  type  a,  a',  b,  b ' ,  

l e ads   r e s p e c t i v e l y   to  the  s u p p o r t   g r i d s   1 'a ,   1 ' a ' ,   1'b,  1 'b ' .   As  t h e  

c o n s t r u c t i o n   types   of  c o n n e c t i o n s   of  the  ends   of  the  s t r i p s ,   excep t   t h e  

l ock ing   pin  type,   a re   8  and  the  a l t e r n a t i v e   s o l u t i o n s   of  the  a n n u l a r  

f r a m e   are   4,  it  is  p o s s i b l e   to  get  32  d i f f e r e n t   c o n s t r u c t i o n   types   for  t h e  

e a r t h q u a k e - p r o o f   s u p p o r t   g r i d .  

F u r t h e r m o r e   by  c o m b i n i n g   the  c o n n e c t i o n   type  5  of  the  end  of  the  s t r i p s  -  

with  the  c e n t r a l   hole  106  and  l o c k i n g   pin  107  with  the  t h r ee   c o n s t r u c t i o n  

s o l u t i o n s   of  the  a n n u l a r   f r a m e   a,  b  and   b'  e n c l o s i n g   the  said  c o n n e c t i o n s  

and  the  s p a c e r s   t h e r e b e t w e e n ,   it  is  p o s s i b l e   to  obtain  t h r e e   o t h e r  

d i f f e r e n t   types   5a,  5b,  and  5b'  of  the  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a n d  

t h e r e f o r e   in  all  it  is  p o s s i b l e   to  get  n.  35  d i f f e r e n t   c o n s t r u c t i o n   t y p e s  

of  the  s u p p o r t   gr id.   T h e s e   35  d i f f e r e n t   s u p p o r t   gr ids ,   if  a d e q u a t e l y  

d i m e n s i o n e d ,   will  be  all  s u i t a b l e   to  w i t h s t a n d ,   in  more   or  l e s s   m e a s u r e ,  

a c c o r d i n g   to  the  p r o j e c t   r e q u i r e m e n t s ,   t h e  i n t e n s e   m e c h a n i c a l   s t r e s s e s ,  

which  can  be  c a u s e d   by  s e i s m i c   even t ,   c o m b i n e d   with  m e c h a n i c a l  

s t r e s s e s   that  can  be  c a u s e d   by  l o c a l i z e d   o v e r p r e s s u r e s   which  a r e  

c o n t e m p o r a n e o u s   and  c o n s e q u e n t   to  the  sa id   s e i s m i c   e v e n t .  

The  choice   of  any  one   of  the  35  d i f f e r e n t   c o n s t r u c t i o n   types  of  the  e a r t h -  

q u a k e - p r o o f   s u p p o r t   gr id   depends   on  the  d i f f e r e n t   r e q u i r e m e n t s   o f  

d i m e n s i o n i n g   and  s t i f f e n i n g   of  the  s i n g l e   c o m p o n e n t s   and  on  the  s u p p o r t  

a s s e m b l y ,   on  the  space   a v a i l a b i l i t y ,   on  the  m a t e r i a l s   used,   p a r t i c u l a r l y  

as  c o n c e r n s   the  c o e f f i c i e n t   of  t h e r m a l   e x p a n s i o n   of  the  s a m e ,   as  well  a s  

on  the  e c o n o m y   r e q u i r e m e n t   of  the  m a n u f a c t u r e   in  r e l a t i o n   to  t h e  



a v a i l a b i l i t y   of  a d e q u a t e   shop  e q u i p m e n t   and  on  the  m o u n t i n g  

r e q u i r e m e n t s   of  the  a s s e m b l y   of  the  said  s u p p o r t   g r i d .  

In  o r d e r   to  b e t t e r   i l l u s t r a t e   the  d i f f e r e n t   c o n s t r u c t i o n   types  of  t h e  

e a r t h q u a k e - p r o o f   s u p p o r t   grid,   the  d i f f e r e n t   c o m p o n e n t s   r e p r e s e n t e d  

in  the  d i f f e r e n t   i l l u s t r a t i v e   f i g u r e s   have  b e e n   i n d i c a t e d   with  a  n u m b e r  

fo l lowed   by  an  index  d e t e r m i n a t i n g   the  c o n s t r u c t i o n   type;  for  e x a m p l e  

the  c o n n e c t i o n   of  the  end  of  the  l ower   s t r i p s   of  the  doveta i l   type  7(1)  

is  i n d i c a t e d   with  the  n u m b e r   7  which  r e f e r s   to  the  c o n n e c t i o n   of  a n y  

l o w e r   s t r i p   f o l l owed   by  the  index  1  in  p a r e n t h e s e s   that  s p e c i f i e s   t h e  

c o n n e c t i o n   type  and  i.  e.  the  dove ta i l   c o n n e c t i o n   1  and  also  for  t h e  

c o n n e c t i o n   8(2)  the  n u m b e r   8  i n d i c a t e s   the  c o n n e c t i o n   of  any  u p p e r  

s t r i p   and  the  n u m b e r   2  in  p a r e n t h e s e s   i n d i c a t e s   the  h a m m e r - h e a d  

type  c o n n e c t i o n ;   as  well  as  for  the  o the r   c o n s t r u c t i o n   c o m p o n e n t s ,   f o r  

e x a m p l e   for  the  c e n t r a l   r ing  31 (1 a)  of  the  3  r i n g s   a n n u l a r   f r a m e ,   t h e  

n u m b e r   31  i n d i c a t e s   the  c e n t r a l   r ing  w h e r e i n   a r e   f i t ted   the  s a i d  

c o n n e c t i o n s   of  the  ends  of  the  s t r i p s ,   the  n u m b e r   1  in  p a r e n t h e s e s  

i n d i c a t e s   the  c o n s t r u c t i o n   type  of  the  sa id   r i n g   i.  e.  with  inner   c e n t r a l  

f lange   in  dove ta i l   shape   and  t h e r e f o r e   s u i t a b l e   to  r e c e i v e   a  c o n n e c t i o n  

of  type  1  and  the  l e t t e r  a   i n d i c a t e s   that  the  s a id   c e n t r a l   r ing  is  a  

c o m p o n e n t   of  the  3  r ings   a n n u l a r   f r a m e   30(a}  of  type  a,  w h i c h  

e n c l o s e s   the  said  c o n n e c t i o n s   of  the  ends  of  the  s t r i p s   and  the  s p a c e r s  

t h e r e b e t w e e n .   F o r   the  c o m p o n e n t s   m a r k e d   with  a  n u m b e r   fo l lowed  b y  

x  in  p a r e n t h e s e s ,   for  example   7(x),  the  n u m b e r  7   i n d i c a t e s   t h e  

c o m p o n e n t   i.  e.  the  c o n n e c t i o n   of  any  l o w e r   s t r i p   and  the  x  in  p a r e n t h e s e s  

i n d i c a t e s   any  c o n s t r u c t i o n   type  of  c o n n e c t i o n   which  can  be  7(1),  7(2) ,  

7(3),  e t c . ,   the  s a m e   app l i e s ,   for  e x a m p l e ,   for   the  r ing  31(x),  w h e r e  

the  n u m b e r   31  i n d i c a t e s   a  r ing  e n c l o s i n g   the  c o n n e c t i o n s   of  the  ends  of  

the  s t r i p s   and  the  x  in  p a r e n t h e s e s   i n d i c a t e s   that   the  said  r ing  c a n  

be long   to  any  one   of  the  35  above  m e n t i o n e d   c u n s t r u c t i o n   v e r s i o n s   of  

the  e a r t h q u a k e - p r o o f   suppor t   g r i d .  



B e s i d e s   i n d i c a t i n g   with  a  n u m b e r   fo l lowed  by  x  in  p a r e n t h e s e s   t h e  

suppo r t   gr id   c o m p o n e n t s ,   the  s a m e   c h a r a c t e r i z a t i o n   c r i t e r i o n   h a s  

been  a d o p t e d   as  to  d e s i g n a t e   the  s p a c e s   or  s lo ts   c o n t a i n i n g   the  s a i d  

c o n n e c t i o n s   of  the  ends  of  the  s t r i p s   a n d / o r   the  s p a c e r s   t h e r e b e t w e e n .  

Fo r   e x a m p l e ,   23(x)  i n d i c a t e s   the  l o w e r   s lots   ob ta ined   by  m i l l i n g   i n  

any  c e n t r a l   r ing  31(x)  of  any  a n n u l a r   f r a m e   of  type  a'  for  the  f i t t i n g  

of  the  c o n n e c t i o n s   7(x)  of  the  ends  of  the  l ower   s t r i p s   1(x),  3 (x) ,  

5(x);  f u r t h e r m o r e   the  s a m e   m a r k i n g   23(x)  d e s i g n a t e s   the  l o w e r  

c lo sed   s lo ts   d e l i m i t e d   by  the  l o w e r   s p a c e r s   25(x),  by  the  c e n t r a l  

r ing   31  (x)  and  by  the  l o w e r   r ing  33 (x)  of  any  a n n u l a r   f r a m e   of  t h e  

c o n s t r u c t i o n   type  a,  b  and   b';   the  sa id   s lots   23(x)  a r e   s u i t a b l e   t o  

r e c e i v e   and  to  put  in  p o s i t i o n   the  sa id   c o n n e c t i o n s   7(x)  of  the  e n d s  

of  the  l o w e r   s t r i p s   1(x),  3(x),  5 (x ) .  

On  the  c o n t r a r y ,   as  c o n c e r n s   the  i n d i v i d u a l i z a t i o n   of  s o m e   s i g n i f i c a n t  

s u r f a c e s   and  s i g n i f i c a n t   d i a m e t e r s   c o m m o n   to  d i f f e r e n t   c o n s t r u c t i o n  

c o m p o n e n t s   or  of  s o m e   s i g n i f i c a n t   d i m e n s i o n s   ( t h i c k n e s s ,   w i d t h ,  

he igh t )   of  t y p i c a l   c o m p o n e n t s ,   it  was  p r e f e r r e d   to  d e s i g n a t e   t h e m  

with  a  s i m p l e   n u m b e r   not  f o l lowed   by  any  o ther   index;   for  e x a m p l e  

the  n u m b e r s   13  and  14  i n d i v i d u a l i z e   the  f ree   ends  of  the  c o n n e c t i o n s  

r e s p e c t i v e l y   of  the  ends  of  the  l o w e r   s t r i p s   7(x)  and  of  the  u p p e r  

s t r i p s   8(x);  a  f u r t h e r   e x a m p l e ,   the  n u m b e r   309  m a r k s   the  i n s i d e  

d i a m e t e r   of  any  r ing   31  (x),  the  sa id   d i a m e t e r   a l i gned   with  the  r o o t s  

9  and  10  r e s p e c t i v e l y   of  the  c o n n e c t i o n s   of  the  ends  of  the  l o w e r  

s t r i p s   7(x)  and  of  the  u p p e r   s t r i p s   8(x)  and  the  n u m b e r   313  m a r k s  

the  i n t e r m e d i a t e   or  ou t s ide   d i a m e t e r   of  any  r ing  31 (x)  g e n e r a l l y  

a l i g n e d   with  the  ends  13  and  14  r e s p e c t i v e l y   of  the  c o n n e c t i o n s   o f  

the  ends  of  the  l o w e r   s t r i p s   7(x)  and  of  the  u p p e r   s t r i p s   8 ( x ) .  

It  is  a p p r o p r i a t e   to  point   out  a lso   that  all  suppor t   gr id   c o m p o n e n t s  



in  the  n u m e r o u s   c o n s t r u c t i o n   v e r s i o n s   i l l u s t r a t e d   in  the  d i f f e r e n t  

f i g u r e s   and  the  s i g n i f i c a n t   c h a r a c t e r i s t i c s   of  the  said  c o n s t r u c t i o n  

c o m p o n e n t s ,   for  e x a m p l e   t h i c k n e s s ,   width,  he ight ,   etc. ,  a re   a l w a y s  

i n d i c a t e d   with  the  s a m e   r e f e r e n c e   n u m b e r .  

H e r e u n d e r   a re   d e s c r i b e d   m o r e   in  detai l   the  m a i n   c h a r a c t e r i s t i c s   o f  

the  d i f f e ren t   c o n s t r u c t i o n   types ,   a c c o r d i n g   to  the  inven t ion ,   of  t h e  

suppor t   g r i d .  

The  c h a r a c t e r i s t i c s   of  the  s u p p o r t s   of  type  la ,   1'a,  2a,  2'a,  3a,  3 ' a ,  

4a,  4'a,  are   i l l u s t r a t e d   r e s p e c t i v e l y   in  the  f i g u r e s   9(la),   9 (2a ) ,  

11(3)  and  1 1 ( 4 )  .  

It  should  be  no ted   that   the  c o n s t r u c t i o n   types   l ' a ,   2'a,  3'a,  4 'a,   a r e  

m a r k e d   r e s p e c t i v e l y   in  the  f i g u r e s   m e n t i o n e d   with  i n t e r r u p t e d   l i n e  

only  for  t hose   c o m p o n e n t s ,   the  g e o m e t r i c   c o n f i g u r a t i o n   of  which  i s  

to  be  m o d i f i e d   in  o r d e r   to  adapt  the  p ro f i l e   of  the  said  c o m p o n e n t s  

to  the  p ro f i l e   of  the  c o n n e c t i o n   r e s p e c t i v e l y   of  h a l f - d o v e t a i l   type  7 ( 1 ' ) ,  

8(1'),  7(3'),  8(3')  and  of  h a l f - h a m m e r - h e a d   type  7(2'),  8(2'),  7 ( 4 ' ) ,  

8(4')  of  the  ends  of  the  s t r i p s .   In  o r d e r   to  i n c r e a s e   the  s t i f f en ing   o f  

the  a n n u l a r   f r a m e   e n c l o s i n g   the  said  c o n n e c t i o n s   7(x),  8(x)  of  t h e  

ends  of  the  s t r i p s ,   the  i nven t ion   p r o p o s e s   one  sole  c e n t r a l   r ing  31  ( l a ) ,  

31(2a)  with  an  i n n e r   c e n t r a l   f lange  310,  h a v i n g   s m a l l e r   t h i c k n e s s   311 

at  the  root  313  of  the  sa id   f lange  and  g r e a t e r   t h i c k n e s s   312  at  t h e  

f ree   end  309  of  the  said  f lange.   The  inner   l o w e r   and  upper   s u r f a c e  

of  the  said  sole  r i n g   31  (la),   32(2a)  is  s h a p e d   a c c o r d i n g   to  the  p r o f i l e  

of  the  out l ine  d e l i m i t e d   r e s p e c t i v e l y   by  the  s i de s   9,  11,  13  of  t h e  

connec t i on   7(x)  of  the  ends  of  the  lower   s t r i p s   a n d / o r   the  p ro f i l e   o f  

the  s p a c e r s   25(x)  t h e r e b e t w e e n   and  by  the  s i de s   10,  12,  14  of  t h e  

connec t i on   8(x)  of  the  ends  of  the  upper   s t r i p s   a n d / o r   the  p ro f i l e   o f  

the  s p a c e r s   26(x)  t h e r e b e t w e e n .  



The  a n n u l a r   f r a m e   30(a)  of  the  c o n s t r u c t i o n   types   above   m e n t i o n e d   is  - 

s u b s t a n t i a l l y   f o r m e d   of  3  r i n g s ,   the  c e n t r a l   one  of  which  31( la )   a n d  

31 (2a)  has   b e e n   a l r e a d y   p r e v i o u s l y   d e s c r i b e d .  

The  o t h e r   two  r ings   that,   in  o r d e r   to  be  b e t t e r   d i s t i n g u i s h e d ,   will  b e  

c a l l e d   c o v e r - r i n g s   r e s p e c t i v e l y   l o w e r   one  33(a),  33 ( l a )   and  u p p e r  

one  32(a),  32 ( l a ) ,   have  a  g e o m e t r i c   c o n f i g u r a t i o n   s u b s t a n t i a l l y   e q u a l .  

The  v e r t i c a l   s e c t i o n   of  the  sa id   a s s e m b l e d   3  r ings   of  the  c o n s t r u c t i o n  

t ypes   la,   1 'a ,   2a,  is  r e p r e s e n t e d   in  p e r s p e c t i v e   view  r e s p e c t i v e l y  

in  the  f i g u r e s   8(1),  8(1'),   8(2).  In  the  above   m e n t i o n e d   f i g u r e s   8 (1) ,  

8(1') ,   8(2)  a r e   c l e a r l y   v i s i b l e   the  l o w e r   a n n u l a r   c h a m b e r s  

r e s p e c t i v e l y   315(1),  315(1 ')   and  315(2)  and  the  u p p e r   a n n u l a r   c h a m b e r s  

r e s p e c t i v e l y   316(1),  316(1 ')   and  316(2).   The  said  a n n u l a r   c h a m b e r s  

a re   f o r m e d   r e s p e c t i v e l y   of  the  s p a c e s   e n c l o s e d   by  the  c e n t r a l   r i n g  

31 ( l a ) ,   31(2a)  and  by  the  l o w e r   c o v e r - r i n g   33(a),  3 3 ( l a )  a n d  b y  t h e  

u p p e r   c o v e r - r i n g   32(a),  32  (1a)  o v e r l a p p e d   to  the  said  c e n t r a l   r i n g  

and  to  e x t e r n a l   a n n u l a r   zones   17,  18  r e s p e c t i v e l y   of  the  l o w e r   a n d  

u p p e r   r e t i c u l a r   s t r u c t u r e   a d j a c e n t   r e s p e c t i v e l y   to  the  c o n n e c t i o n   7(x),  

8(x).  The  sa id   c o v e r - r i n g s   33(a),  33 ( l a )   and  32(a),  3 2 ( l a )   have   t h e  

in s ide   d i a m e t e r   r e s p e c t i v e l y   339  and  329  s m a l l e r   than  the  i n s i d e  

d i a m e t e r   309  of  the  f lange  310  of  the  said  c e n t r a l   r ing   31 (la),   31 (2a).  

The  sa id   l o w e r   and  u p p e r   a n n u l a r   c h a m b e r s   have  the  g r e a t e r   h e i g h t  

332  at  the  roo t   313  of  the  f l ange   310  of  the  said  c e n t r a l   r ing   31 (a), 

31 (2a)  and  the  s m a l l e r   he ight   331  at  the  f ree   end  309  of  the  s a i d  

f lange   310.  The  opening   of  the  sa id   a n n u l a r   c h a m b e r s   h a v i n g   h e i g h t  

331  is  f a c ing   the  ins ide   of  the  r e t i c u l a r   s t r u c t u r e .  

The  sa id   a n n u l a r   c h a m b e r s   a re   s u i t a b l e   to  r e c e i v e   and  to  put  i n  



p o s i t i o n   the  d i f f e r e n t   t ypes   of  c o n n e c t i o n s   of  the  ends  of  the  s t r i p s  

and  the  d i f f e r e n t   t y p e s   of  s p a c e r s   t h e r e b e t w e e n .   As  it  is  easy   to  

u n d e r s t a n d ,   the  s lo t s   23(x),  24(x)  for  the  f i t t ing  of  the  c o n n e c t i o n s  

7(x),  8(x)  r e s p e c t i v e l y   of  the  ends  of  the  l o w e r   and  u p p e r   s t r i p s ,  

a r e   o b t a i n e d   by  s h a p i n g   ( g e n e r a l l y   by  t u r n i n g )   the  s u r f a c e s   of  t h e  

c e n t r a l   r ing  31  (la),  31  (2a)  and  the  s u r f a c e s   r e s p e c t i v e l y   of  t h e  

l o w e r   c o v e r - r i n g   33(a),   33( la )   and  of  the  u p p e r   c o v e r - r i n g   32 (a ) ,  

32 ( l a )   a c c o r d i n g   to  the  p r o f i l e   d e l i m i t e d   r e s p e c t i v e l y   by  the  s i d e s  

9,  11,  13,  15  of  the  c o n n e c t i o n s   7(x)  of  the  ends  of  the  l o w e r   s t r i p s  

and  by  the  s ides   10,  12,  14,  16  of  the  c o n n e c t i o n s   8(x)  of  the  e n d s  

of  the  u p p e r   s t r i p s   and  by  shap ing   ( g e n e r a l l y   by  m i l l i n g )   the  s u r f a c e s  

r e s p e c t i v e l y   of  the  sa id   l ower   s p a c e r s   25(x)  and  u p p e r   ones  26(x)  

a c c o r d i n g   to  the  s u r f a c e s   of  the  said  c e n t r a l   r ing   and  r e s p e c t i v e l y  

of  the  said  l ower   and  u p p e r   c o v e r - r i n g s   and  to  the  s u r f a c e   of  t h e  

sa id   l o w e r   c o n n e c t i o n s   7(x)  and  upper   c o n n e c t i o n s   8(x)  i.  e.  a c c o r d i n g  

to  the  p r o f i l e   of  the  s a id   s u r f a c e s   with  which  the  sa id   s p a c e r s   will  b e  

in  c o n t a c t .  

The  said  s lots   23(x),  24(x)  with  v a r i a b l e   s e c t i o n ,   can  have  c o n s t a n t  

width  100  and  v a r i a b l e   he igh t ,   g r e a t e r   he ight   132  and  t h e r e f o r e   g r e a t e r  

s e c t i o n   at  the  root  313  of  the  f lange  310  of  the  sa id   c e n t r a l   r ing  31 (1 a), 

32(2a)  and  s m a l l e r   h e i g h t   131  and  t h e r e f o r e   s m a l l e r   s e c t i o n   at  the  f r e e  

end  309  of  the  f lange  310  of  the  said  c e n t r a l   r i n g .  

In  the  f i g u r e s   6(1),  6(1'),   6(2),  6(2')  are   i l l u s t r a t e d   in  an  e x p l o d e d  

p e r s p e c t i v e   view  t y p i c a l   p a i r s   of  lower   slot  23(x)  and  u p p e r   slot  24 (x ) ;  

r e s p e c t i v e l y   in  the  f i g u r e   6(1)  are  r e p r e s e n t e d   the  s lots   23(1),  24 (1 ) ,  

in  the  f igure   6(1')  the  s lo ts   23(1'),   24(1'),  in  the  f i g u r e   6(2)  the  s l o t s  

23(2),  24(2),  in  the  f i g u r e   6(2')  the  slots   23(2 ' ) ,   2 4 ( 2 ' ) .  



The  said  s lo ts   23(x),  24(x)  with  v a r i a b l e   s ec t ion ,   can  have  c o n s t a n t  

height   130  and  v a r i a b l e   width,   g r e a t e r   width  105  and  t h e r e f o r e   g r e a t e r  

sec t ion   at  the  root   313  of  the  f lange  310  of  the  said  c e n t r a l   r i n g  

31(1a),  32(2a)  and  s m a l l e r   width  104  and  t h e r e f o r e   s m a l l e r   s e c t i o n  

at  the  f r ee   end  309  of  the  f l ange   310  of  the  said  c e n t r a l   r i n g .  

In  the  f i g u r e s   6(3),  6(3'),   6(4),  6(4')  are   i l l u s t r a t e d   in  an  e x p l o d e d  

p e r s p e c t i v e   view  t y p i c a l   p a i r s   of  the  said  lower   s lo t s   23(x)  and  u p p e r  

ones  24(x)  with  c o n s t a n t   he igh t   130  and  with  v a r i a b l e   width;   r e s p e c t i v e l y  

in  the  f igure   6(3)  a re   r e p r e s e n t e d   the  slots   23(3),  24(3),  in  the  f i g u r e  

6(3')  the  s lo ts   23(3 ') ,   24(3 ' ) ,   in  the  f igure   6(4)  the  s lo t s   23(4),  2 4 ( 4 ) ,  

and  in  the  f i gu re   6(4')  the  s l o t s   23(4') ,   24(4').   The  d i f f e r e n t   types   o f  

shaped   s p a c e r s   25 ' (1) ,   26 ' (1 ) ,   25(1') ,   26(1'),  25 ' (2) ,   26 '(2) ,   2 5 ( 2 ' ) ,  

26(2'),   25(3),  26(3),  25(3 ' ) ,   26(3 ' ) ,   25(4),  26(4),  25(4 ' ) ,   26(4')   b e t w e e n  

the  c o n n e c t i o n s   7(x),  8(x)  of  the  ends  of  the  s t r i p s   a r e   i l l u s t r a t e d  

r e s p e c t i v e l y   in  the  f i g u r e s   25(1),  26(1),  25(1'),   26(1 ' ) ,   25(2),  2 6 ( 2 ) ,  

25(2'),   26(2 ') ,   26(3),  26(3 ' ) ,   26(4),  26 (4 ' ) .  

It  should  be  po in ted   out  that   the  lower   s p a c e r s   25 '(1)   and  25'(2)  h a v e  

lower   l a t e r a l   p r o j e c t i n g   p o r t i o n s   r e s p e c t i v e l y   250(1 ' )   and  2 5 0 ( 2 ' )  

with  u p p e r   s u r f a c e   s h a p e d   a c c o r d i n g   to  the  p ro f i l e   15  of  the  l o w e r  

s u r f a c e   r e s p e c t i v e l y   of  the  c o n n e c t i o n   7(1)  and  7(2)  of  the  ends  of  t h e  

lower   s t r i p s   and  the  s p a c e r s   26 ' (1)   and  261(2)  have   u p p e r   l a t e r a l  

p r o j e c t i n g   p o r t i o n s   r e s p e c t i v e l y   260(1')   and  260(2 ' )   with  l ower   s u r f a c e  

shaped  a c c o r d i n g   to  the  p r o f i l e   16  of  the  uppe r   s u r f a c e   r e s p e c t i v e l y  

of  the  c o n n e c t i o n   8(1)  and  8(2)  of  the  ends  of  the  u p p e r   s t r i p s .  

The  s p a c e r s   25(1')  and  25(2 ' )   have   lower   l a t e r a l   p r o j e c t i n g   p o r t i o n s  

250(o)  with  u p p e r  f l a t   h o r i z o n t a l   s u r f a c e ,   i.  e.  a c c o r d i n g   to  the  p r o f i l e  

15  of  the  l ower   flat  s u r f a c e   r e s p e c t i v e l y   of  the  c o n n e c t i o n   7(1'),  7 ( 2 ' )  

of  the  ends  of  the  l o w e r   s t r i p s   and  the  s p a c e r s   26(1 ')   and  26(2')   h a v e  



u p p e r   l a t e r a l   p r o j e c t i n g   p o r t i o n s   260(o)  with  l ower   h o r i z o n t a l   f l a t  

su r f ace ,   i.  e.  a c c o r d i n g   to  the  p ro f i l e   16  of  the  u p p e r   flat  s u r f a c e  

r e s p e c t i v e l y   of  the  c o n n e c t i o n   8(1'),  8(2')  of  the  ends  of  the  u p p e r  

s t r i p s .   The  above  m e n t i o n e d   l a t e r a l   p r o j e c t i n g   p o r t i o n s   250(x)  a n d  

260(x)  have  a  depth  120  equal   to  the  t h i c k n e s s   110  of  the  c o n n e c t i o n s  

7(x),  8(x)  of  the  ends   of  the  s t r i p s .   G e n e r a l l y   the  sa id   s p a c e r s   25 (x ) ,  

26(x)  which  form  the  a n n u l a r   f r a m e s   of  the  s u p p o r t   g r i d s   a b o v e  

m e n t i o n e d   have  the  he igh t   27  g r e a t e r   than  the  he igh t   142  of  t h e  

p e r t i n e n t   c o n n e c t i o n s   7(x),  8(x)  with  which  they  a re   in  c o n t a c t ,   s o  

that  the  sa id   s p a c e r s   25(x),  26(x)  r e s u l t   i m p r i s o n e d   in  the  a n n u l a r  

c h a m b e r s   r e s p e c t i v e l y   315(x)  and  316(x)  of  the  sa id   a n n u l a r   f r a m e  

30(a).  G e n e r a l l y   the  sa id   s p a c e r s   25(x),  26(x)  (a lso   owing  to  t h e  

h a l f - h a m m e r - h e a d   p r o f i l e   345  of  the  v e r t i c a l   s e c t i o n ,   a c c o r d i n g   t o  

a  plan  p a r a l l e l   to  the  s t r i p s ,   of  the  said  s p a c e r s )   have   the  f u n c t i o n  

of  t r a n s m i t t i n g   the  h o r i z o n t a l   f o r c e s   going  t o w a r d s   the  i n s i d e   of  t h e  

s u p p o r t   gr id   and  a c t i n g   on  the  said  c o n n e c t i o n s   7(x),  8(x)  of  the  s t r i p s  

1 (x) -  6(x)  d i r e c t l y   on  the  3  r i ngs   f o r m i n g   the  sa id   a n n u l a r   f r a m e   30 (a ) ,  

when  the  above  m e n t i o n e d   f o r c e s ,   owing  to  the  p a r t i c u l a r   g e o m e t r i c  

c o n f i g u r a t i o n   of  the  c o n n e c t i o n s   7(x),  8(x)  and  of  the  s p a c e r s   25 (x ) ,  

26(x),  a re   not  d i r e c t l y   t r a n s m i t t e d   by  the  above  c o n n e c t i o n s   7(x) ,  

8(x)  to  the  said  3  r i n g s   f o r m i n g   the  a n n u l a r   f r a m e   30(a).  It  s h o u l d  

be  po in t ed   out  f u r t h e r m o r e   that   the  above  m e n t i o n e d   c o n s t r u c t i o n  

s o l u t i o n s   of  the  e a r t h q u a k e - p r o o f   suppor t   grid,   b e s i d e s   c o n f e r r i n g   a  

c o n s i d e r a b l e   m e c h a n i c a l   s t i f f n e s s   to  the  s u p p o r t   a s s e m b l y ,   have  t h e  

a d v a n t a g e   of  being  r e a l i z e d   without   the  n e c e s s i t y   of  e x p e n s i v e   a n d  

s p e c i a l   w o r k - s h o p   e q u i p m e n t   both  for  the  m e c h a n i c a l   m a c h i n i n g   a n d  

for  the  m o u n t i n g   of  the  s u p p o r t   g r i d .  

The  t u r n i n g   o p e r a t i o n s   of  r i n g s   having  d i a m e t e r s   g e n e r a l l y   not  g r e a t e r  



than   3,5  m e t e r s ,   a r e   n o r m a l   o p e r a t i o n s   that   can  be  e x e c u t e d   by  a n y  

m e c h a n i c a l   shop  of  m i d d l e   d i m e n s i o n s .  

The   m i l l i n g   o p e r a t i o n s   of  the  s t r i p s   with  the  p e r t i n e n t   c o n n e c t i o n s  

and  of  the  s p a c e r s   t h e r e b e t w e e n   a re   a lso  c o m m o n   o p e r a t i o n s   w h i c h  

can  be  e x e c u t e d   on  m i l l i n g   m a c h i n e s   of  s m a l l   a n d / o r   m i d d l e   d i m e n s i o n s  

of  n o r m a l   type  or  with  n u m e r i c a l   c o n t r o l   s y s t e m ,   a v a i l a b l e   g e n e r a l l y  

in  any  a v e r a g e   m e c h a n i c a l   w o r k - s h o p .  

The  a s s e m b l y   of  the  s u p p o r t   g r id   does   not  r e q u i r e   s p e c i a l   a n d  

e x p e n s i v e   m o u n t i n g   j igs  as  is  n e c e s s a r y   on  the  c o n t r a r y   for  t h e  

c o n v e n t i o n a l   s u p p o r t   g r i d s ,   as  that   d e s c r i b e d   in  the  C a n a d i a n   p a t e n t  

n.  1022410.   '  

In  fac t ,   the  sole  c e n t r a l   r ing   31(1a),   31 (2a)  is  s u f f i c i e n t l y   r igid  as  t o  

r e p l a c e   the  c o n v e n t i o n a l   m o u n t i n g   j i g .  

The  p o s i t i o n i n g   m a r k i n g   of  the  m a i n   l ower   1 (x)  and  m a i n   upper   2(x)  

s t r i p s   can  be  m a d e   d i r e c t l y   r e s p e c t i v e l y   on  the  l o w e r   and  upper   s u r f a c e  

of  the  f lange   310  of  the  r ing   31 (la),  31 (2a).  

The   gauges   t h e m s e l v e s   for  the  m i l l i n g   of  the  s lo t s   and  of  the  c o n n e c t i o n s  

of  the  ends  of  the  s t r i p s ,   owing  to  the  s t i f f n e s s   of  the  sa id   c e n t r a l   r i n g  

31(1a),   31 (2a)  can  be  buil t   by  copy ing   the  p r o f i l e s   of  the  l ower   and  u p p e r  

s u r f a c e s   of  the  sa id   f l ange   310  and  of  the  c y l i n d r i c a l   s u r f a c e s   309  a n d  

313  r e s p e c t i v e l y   of  the  f ree   end  and  of  the  root   of  the  said  f l a n g e .  

The   m o u n t i n g   of  the  s u p p o r t   gr id  can  be  e x e c u t e d   in  one  phase   only,  a s  

all  s u p p o r t   grid  c o m p o n e n t s ,   s t r i p s   1(x)  -   6(x),  s p a c e r s   25(x),  26(x) ,  

and  r i ngs   31  (x),  32(x)  and  33(x)  a r e   bui l t   b e f o r e h a n d   with  a d e q u a t e  

t o l e r a n c e s ,   which  can  be  m o r e   s t r i c t   than  t hose   c o n c e r n i n g   a  c o n v e n t i o n a l  

g r id ,   as  the  one  d e s c r i b e d   in  the  C a n a d i a n   pa t en t   n.  1022410,   in  t h a t  



the  m o u n t i n g   is  e x e c u t e d   by  a s s e m b l i n g   the  d i f f e r e n t   p a r t s   in  a  

v e r t i c a l   p o s i t i o n   and  by  s l i gh t l y   p r e s s i n g ,   if  n e c e s s a r y ,   with  a  s m a l l  

h a m m e r   of  h a r d - w o o d ,   the  p a r t s   that  have  to  c o m e   into  c o n t a c t .  

The  said  v e r t i c a l   m o u n t i n g   of  all  s t r i p s   p r e s e n t s   two  a d v a n t a g e s   i n  

c o m p a r i s o n   with  the  t r a d i t i o n a l   m o u n t i n g   s y s t e m   of  the  s e c o n d a r y  

s t r i p s   in  h o r i z o n t a l   p o s i t i o n   d e s c r i b e d   in  the  above   m e n t i o n e d   C a n a d i a n  

pa tent .   The  f i r s t   a d v a n t a g e   is  that  of  n o n - r u n n i n g   the  r i sk   of  s c o r i n g  

the  s u r f a c e s   of  the  s t r i p s ,   s c o r i n g s   which  a re   p o s s i b l e   with  the  o l d  

s y s t e m   of  m o u n t i n g   the  s t r i p s   h o r i z o n t a l l y .  

The  s econd   a d v a n t a g e   is  that   of  be ing   in  p o s i t i o n   to  build  the  g r i d  

g r a t i n g   with  null  c l e a r a n c e s   b e t w e e n   the  c o u p l e d   i n t e r s e c t i n g   s t r i p s ,  

owing  to  the  v e r t i c a l   m o u n t i n g   of  the  said  p a r t s   and  t h e r e f o r e   to  o b t a i n  

as  a  r e s u l t   a  m o r e   c o m p a c t   and  t h e r e f o r e   m o r e   r ig id   g r a t i n g .   T h e  

m o u n t i n g   s e q u e n c e   p r o p o s e d   by  the  p r e s e n t   i nven t ion ,   which  is  v a l i d  

for  all  35  d i f f e r e n t   c o n s t r u c t i o n   types   of  the  s u p p o r t   grid,   is  as  f o l l o w s :  

A s s e m b l i n g   of  all  m a i n   s t r i p s ,   for  e x a m p l e  t h e   l ower   ones  l(x)  on  t h e  

c e n t r a l   r ing   31  (x),  a c c o r d i n g   to  the  layout   - a l r e a d y   p r e s e t   on  the  s a i d  

r ing;   r o t a t i o n   of  180  d e g r e e s   of  the  sa id   r i n g   on  p r o p e r   r o t a t i o n   p i n s  

a l r e a d y   p r e s e t ;   a s s e m b l i n g   of  all  uppe r   m a i n   s t r i p s   2(x)  by  c o u p l i n g  

the  main   s lots   19.of   t h e s e   with  the  p e r t i n e n t   p o r t i o n s   of  l o w e r   m a i n  

s t r i p s   1 (x);  s u b s e q u e n t   a s s e m b l i n g   of  all  u p p e r   s e c o n d a r y   s t r i p s   4 (x) ,  

6(x)  by  p r e s s i n g   t h e m   in  the  s e c o n d a r y   s lo t s   20  of  the  ma in   l o w e r  

s t r i p s   1 (x)  and  by  c o u p l i n g   the  slots   21  with  the  p e r t i n e n t   p o r t i o n s   o f  

the  said  ma in   l o w e r   s t r i p s ;   c o n t e m p o r a n e o u s   a s s e m b l i n g   to  e v e r y  

upper   s t r ip   of  the  p e r t i n e n t   s p a c e r   26(x),  if  f o r e s e e n ,   in  c o n t a c t   w i t h  

the  c o n n e c t i o n   8(x)  of  the  said  s t r ip ,   by  a d a p t i n g ,   if  n e c e s s a r y ,   t h e  

p rof i l e   of  the  said  s p a c e r   26(x)  to  the  p r o f i l e   of  the  said  c o n n e c t i o n ,  



e s p e c i a l l y   to  the  u p p e r   s u r f a c e   16  of  the  said  c o n n e c t i o n .   S u b s e q u e n t  

a s s e m b l i n g   of  the  u p p e r   c o v e r - r i n g   32(x),  a f t e r   h a v i n g   p r o v i d e d   f o r  

the  a d e q u a t e   h e a t i n g   of  the  p a r t i a l   suppor t   g r id   a s s e m b l y ,   as  to  a l l o w  

the  m o u n t i n g   with  a  t igh t   fit  at  the  "L"  s h a p e d   e x t e r n a l   a n n u l a r   z o n e  

54(x)  of  the  said  r i ng   32 (x)  on  the  said  r ing   31 (x).  A f t e r   h a v i n g  

p r o v i d e d   the  b l o c k i n g   of  the  said  upper   c o v e r - r i n g   32(x)  on  the  s a i d  

c e n t r a l   r ing   31  (x),  r o t a t i o n   of  180  d e g r e e s   of  the  p a r t i a l l y   a s s e m b l e d  

s u p p o r t   g r id ,   m o u n t i n g   ( fo l lowing   the  s a m e   m o d a l i t i e s   above   m e n t i o n e d )  

of  all  l ower   s e c o n d a r y   s t r i p s   3(x),  5(x)  and  of  the  p e r t i n e n t   s p a c e r s  

25(x),  if  f o r e s e e n ,   b e t w e e n   the  c o n n e c t i o n s   7(x)  of  the  ends  of  the  s a i d  

s t r i p s ,   by  a d a p t i n g ,   if  n e c e s s a r y ,   the  p r o f i l e   of  the  sa id   s p a c e r s   t o  

the  p r o f i l e s   of  the  sa id   c o n n e c t i o n s ,   e s p e c i a l l y   to  the  l o w e r   s u r f a c e s  

15  of  the  sa id   c o n n e c t i o n s .   F i n a l l y ,   a s s e m b l i n g   of  the  l o w e r   r ing   3 3 ( x ) ,  

a f t e r   hav ing   a d e q u a t e l y   h e a t e d   the  suppor t   g r id   a s s e m b l y   as  to  a l l o w  

the  m o u n t i n g   with  a  t igh t   fit  at  the  "L"  shaped   e x t e r n a l   a n n u l a r   z o n e  

53(x)  of  the  said  l o w e r   r i ng   33(x)  on  the  sa id   c e n t r a l   r ing   31(x).  T h e  

above  a s s e m b l i n g   s e q u e n c e   is  c o m p l e t e d   for  all  c o n s t r u c t i o n   types   b  

and  b'  of  the  a n n u l a r   f r a m e   by  p r o c e e d i n g   to  the  a s s e m b l i n g   ( a f t e r  

p r e h e a t i n g   of  the  s u p p o r t   gr id   as  to  have  a  t ight   fit),  f i r s t ,   of  the  l o w e r  

r ing   43(b),  43(b')   on  the  l o w e r   r ing  33(x)  at  the  "L"  s h a p e d   i n n e r  

a n n u l a r   zone  51(x)  and  then   of  the  upper   c o v e r - r i n g   42(b),  42(b')   o n  

the  l o w e r   r ing   43 (b),  43(b ' )   and  on  the  uppe r   c o v e r - r i n g   32(x)  at  t h e  

"L"  s h a p e d   a n n u l a r   z o n e s   r e s p e c t i v e l y   56(x)  and  52(x),  in  o r d e r   t o  

obta in   a  s u p p o r t   gr id   a s s e m b l y   as  r igid  as  p o s s i b l e .  

H e r e u n d e r   a re   now  e x a m i n e d   the  c o n s t r u c t i o n   t y p e s   l a ' ,   1 'a ' ,   2 a ' ,  2 ' a ' ,  

3a',  3 ' a ' ,   4a' ,   4 ' a ' ,   of  the  suppo r t   g r ids   r e p r e s e n t e d   r e s p e c t i v e l y   i n  

the  f i g u r e s   9 ( l a ' ) ,   1 2 ( l a ' ) ,   9(2a') ,   12(2a') ,   9(3a ')   and  9(4a') .   In  the  s a i d  

d r a w i n g s   the  c o n s t r u c t i o n   types   I ' ( a ' ) ,   2 ' (a ' ) .   3 ' ( a ' )   and  4 ' ( a ' )   a re   m a r k e d  



with  i n t e r r u p t e d   l ines   for  those   c o m p o n e n t s ,   the  p r o f i l e   of  which  i s  

to  be  m o d i f i e d   a c c o r d i n g   to  the  p ro f i l e   r e s p e c t i v e l y   of  the  c o n n e c t i o n s  

1 ' ,  2 ' .  3 ' ,  4 ' .  

The  said  c o n s t r u c t i o n   types   a'  of  the  grid  s u p p o r t   a re   d i f fe ren t   f r o m  

the  c o n s t r u c t i o n   t y p e s  a   p r e v i o u s l y   d e s c r i b e d   as  c o n c e r n s   the  s t r u c t u r e  

of  the  c e n t r a l   r ing  31  (x)  and  the  s t r u c t u r e   of  the  l o w e r   r ing  33(x) .  

The  c e n t r a l   r ing  31  (x)  is  a  r ing  which  has  a  p l u r a l i t y   of  mi l l ed   l o w e r  

s lo t s   23(x),  s p a c e d   and  p a r a l l e l   to  each  o t h e r ,   s u i t a b l e   to  r e c e i v e   t h e  

c o n n e c t i o n s   7(x)  of  the  ends  of  the  lower   s t r i p s   1(x),  3(x);  5(x)  and  a  

p l u r a l i t y   of  m i l l e d   uppe r   s lo t s   24(x),  s p a c e d   and  p a r a l l e l   to  each  o t h e r ,  

but  f o r m i n g   a  c e r t a i n   angle ,   g e n e r a l l y   60°,  with  the  p l u r a l i t y   of  l o w e r  

s l o t s ;   the  said  uppe r   s lots   s u i t a b l e   to  r e c e i v e   the  c o n n e c t i o n s   8(x)  of 

the  ends  of  the  u p p e r   s t r i p s   2(x),  4(x),  6(x) .  

The  said  c e n t r a l   r ing   31  (x)  can  be  e x e c u t e d   in  8  d i f f e r e n t   c o n s t r u c t i o n  

t y p e s   31 ( l a ' ) ,   3 1 ( 1 ' a ' ) ,   31(2a ' ) ,   31 (2 ' a ' ) ,   31 (3a ' ) ,   31 (3 ' a ' ) ,   3 1 ( 4 a ' ) ,  

3 1 ( 4 ' a ' ) ,   the  r i ngs   of  which  have  r e s p e c t i v e l y   a  p l u r a l i t y   of  lower   s l o t s  

with  c o n s t a n t   width  100  and  v a r i a b l e   he igh t   23(1),   23(1 ' ) ,   23(2),  2 3 ( 2 ' ) ,  

with  c o n s t a n t   he igh t   130  and  v a r i a b l e   width  23(3),  23(3') ,   23(4),  2 3 ( 4 ' ) ,  

s u i t a b l e   to  r e c e i v e   and  to  put  in  pos i t ion ,   g e n e r a l l y   without  c l e a r a n c e ,  

r e s p e c t i v e l y   the  c o n n e c t i o n s   7(1),  7(1'),  7(2),  7(2') ,   7(3),  7(3'),  7(4) ,  

7(4')  of  the  ends  of  the  l o w e r   s t r i p s ,   and  a  p l u r a l i t y   of  upper   slots  w i t h  

c o n s t a n t   width  100  and  v a r i a b l e   height   24(1),  24(1 ' ) ,   24(2),  24(2'),  w i t h  

c o n s t a n t   height   130  and  v a r i a b l e   width  24(3),  24(3 ' ) ,   24(4),  24(4 ' ) ,  

s u i t a b l e   to  r e c e i v e   and  to  put  in  pos i t ion ,   g e n e r a l l y   without  c l e a r a n c e ,  

r e s p e c t i v e l y   the  c o n n e c t i o n s   8(1),  8(1'),  8(2),  8(2 ') ,   8(3),  8(3'),  8 (4 ) ,  

8(4') ,   of  the  ends  of  the  uppe r   s t r i p s .  

The  l ower   r ing  33(x)  of  the  said  c o n s t r u c t i o n   a'  of  the  suppor t   grid  h a s  

a  l o w e r   f lange  330(a ' )   fac ing   the  ins ide   of  the  s u p p o r t   and  o v e r l a p p e d  



without   c l e a r a n c e   to  the  lower   s u r f a c e   of  the  said  c e n t r a l   r ing   31 (x), 

to  the  s u r f a c e s   15  of  the  c o n n e c t i o n s   7(x)  of  the  ends  of  the  l o w e r  

s t r i p s   and  to  an  e x t e r n a l   a n n u l a r   zone  17  of  the  r e t i c u l a r   s t r u c t u r e  

a d j o i n i n g   the  sa id   c o n n e c t i o n s   7(x),  the  sa id   r ing   33(x)  h a v i n g  

g e n e r a l l y   an  ax ia l   inner   length   equal   to  the  he igh t   of  the  sa id   c e n t r a l  

r ing   31 (x).  

The  s a i d   l o w e r   r ing  33(x)  has  the  inner   s u r f a c e   s h a p e d   in  a c c o r d a n c e  

with  the  d i f f e r e n t   p r o f i l e s   of  the  e x t e r n a l   s u r f a c e   of  the  sa id   r i n g  

31(x),  with  the  s u r f a c e   of  which  it  is  in  c o n t a c t .  

The  r i n g s   3 3 ( l a ' ) ,   33(2a ' ) ,   r e p r e s e n t e d   r e s p e c t i v e l y   in  the  f i g u r e s  

9 ( l a ' )   and  9(2a ' )   a r e   used   in  the  c o n s t r u c t i o n   t ypes   r e s p e c t i v e l y   l a ' ,  

2a'  of  the  s u p p o r t   grid,   while  the  l o w e r   c o v e r - r i n g   type  33(a ' )   i s  

used   in  the  c o n s t r u c t i o n   types   1 'a ' ,   2 ' a ' ,   3a' ,   3 ' a ' ,   4a'  and  4 'a '   o f  

the  s u p p o r t   g r id .   The  said  l o w e r   r ing  33(x)  is  m o u n t e d   with  a  t i g h t  

fit  on  the  i n t e r m e d i a t e   r ing  31  (x)  at  the  "L"   s h a p e d   e x t e r n a l   a n n u l a r  

zone  53(a ' )   a d j o i n i n g   the  root  of  the  f lange   330(a ' )   of  the  sa id   l o w e r  

r ing.   The   u p p e r   c o v e r - r i n g   32(x)  in  the  d i f f e r e n t   c o n s t r u c t i o n   v e r s i o n s  

32(a ' ) ,   3 2 ( 1 ' a ' ) ,   32(2a ' )   is  o v e r l a p p e d   wi thout   c l e a r a n c e   to  the  e x t e r n a l  

u p p e r   s u r f a c e   of  the  said  i n t e r m e d i a t e   r ing   31(x),  to  the  e x t e r n a l   u p p e r  

s u r f a c e s   16  of  the  uppe r   c o n n e c t i o n s   8(x)  of  the  u p p e r   s t r i p s   2 (x) ,  

4(x),  6(x)  and  an  e x t e r n a l   a n n u l a r   zone  18  of  the  r e t i c u l a r   s t r u c t u r e  

a d j o i n i n g   the  sa id   c o n n e c t i o n s   8 ( x ) . .  

The  sa id   u p p e r   c o v e r - r i n g   32(x)  is  m o u n t e d   with  a  t ight   fit  on  the  s a i d  

i n t e r m e d i a t e   r ing   31(x)  at  the  "L"  shaped   e x t e r n a l   a n n u l a r   zone  5 4 ( a ' )  

of  the  sa id   i n t e r m e d i a t e   ring.  The  o the r   c o n s t r u c t i o n   s o l u t i o n   lb,  2b,  

of  the  e a r t h q u a k e - p r o o f   s u p p o r t   grid  a re   to  be  c o n s i d e r e d   as  c o n s t r u c t i o n  

s o l u t i o n s   e q u i v a l e n t   to  the  s u p p o r t   grid  types   la,  2a,  p r e v i o u s l y  

d e s c r i b e d   as  c o n c e r n s   the  i nne r   a n n u l a r   f r a m e   30(b),  which  h a s  



the  ax ia l   ho les   203  (for  the  p a s s a g e   of  the  s p a c e r s   and  t e n s i o n   rods   800 

for  the  l ock ing   of  the  e x t e r n a l   f r a m e   and  the  t e n s i o n   rods   200  for  t h e  

f ixing  of  the  grid  to  the  tube  plate   400)  i n c r e a s e d   by  the  quan t i t y   202  in  

o r d e r   to  a l low  the  f ree   e x p a n s i o n   of  the  d i f f e r e n t   m a t e r i a l   m a k i n g  

up  the  i n n e r   a n n u l a r   f r a m e   30(b)  and  the  e x t e r n a l   a n n u l a r   f r a m e   40(b) .  

T h e r e f o r e   for  the  d e s c r i p t i o n   of  the  said  i n n e r   a n n u l a r   f r a m e   30(b) ,  

r e f e r   to  the  p r e v i o u s   d e s c r i p t i o n   of  the  a n n u l a r   f r a m e   30(a)  with  3  r i n g s  

of  the  c o n s t r u c t i o n   types   la  and  2a  of  the  s u p p o r t   g r i d .  

Said  s u p p o r t   gr ids   of  type  1b  and  2b,  i l l u s t r a t e d   in  the  f i g u r e s   9(lb),  9 (2b) ,  

13( lb)   and  13(2b),  a re   f o r m e d   of  the  fo l lowing   c o m p o n e n t s :  

-  i n n e r   c e n t r a l   r i ngs   31 (Ib),  31 (2b)  e q u i v a l e n t   to  the  types   a l r e a d y  

p r e v i o u s l y   d e s c r i b e d   31 (a),  3 1 ( 2 a ) ;  

-  l o w e r   i n t e r m e d i a t e   c o v e r - r i n g s   33(lb) ,   33(b)  e q u i v a l e n t   to  the  t y p e s  

33(1a),   3 3 ( a ) ;  

-  u p p e r   i n t e r m e d i a t e   c o v e r - r i n g s   32(lb) ,   32(b)  e q u i v a l e n t   to  the  t y p e s  

32( la ) ,   3 2 ( a ) ;  

(The  a b b u l a r   zones   of  coup l i ng   be tween   the  said  r i n g s   a re   the  lower   z o n e  

53(b)  and  the  uppe r   zone  54(b)  both  "L"  s h a p e d .  )  

-  l o w e r   25(x)  and  u p p e r   26(x)  s p a c e r s   b e t w e e n   the  c o n n e c t i o n s   of  t h e  

ends  of  the  s t r i p s   r e s p e c t i v e l y   7(x)  and  8(x),  s i m i l a r   to  the  s p a c e r s  

a l r e a d y   p r e v i o u s l y   d e s c r i b e d ;  

-  e x t e r n a l   a n n u l a r   f r a m e   40(b),  f o r m e d   g e n e r a l l y   of  a  l o w e r   r ing  43(b)  

hav ing   a  lower   f lange  330  fac ing   the  ins ide   of  the  s u p p o r t   and  h a v i n g  

an  i n n e r   height   g e n e r a l l y   equal   to  the  total   he igh t   of  the  i n t e r m e d i a t e  

a n n u l a r   f r a m e   30(b)  and  of  an  upper   e x t e r n a l   c o v e r - r i n g   42(b).  T h e  

sa id   l ower   r ing  43 (b)  is  g e n e r a l l y   m o u n t e d   with  a  t ight  fit  on  the  l o w e r  

i n t e r m e d i a t e   c o v e r - r i n g   33(lb) ,   33(b)  at  the  "L"  shaped   lower   i n n e r  

a n n u l a r   zone  51 (b)  of  the  said  c o v e r - r i n g .  

B e t w e e n   the  inner   c y l i n d r i c a l   s u r f a c e   49  of  the  p o r t i o n   ax ia l ly   e x t e n d i n g  



of  the  said  e x t e r n a l   l o w e r   r ing  43(b)  and  the  e x t e r n a l   c y l i n d r i c a l  

s u r f a c e   39  of  the  said  i n t e r m e d i a t e   a n n u l a r   f r a m e   30(b)  t h e r e  

is  a  s u f f i c i e n t   c l e a r a n c e   50  in  o r d e r   to  a l low  the  f r ee   t h e r m a l  

e x p a n s i o n   of  the  two  a d j a c e n t   a n n u l a r   f r a m e s   f o r m e d   of  m a t e r i a l s  

with  d i f f e r e n t   c o e f f i c i e n t   of  t h e r m a l   e x p a n s i o n .  

The  u p p e r   e x t e r n a l   c o v e r - r i n g   42(b)  is  o v e r l a p p e d   to  the  u p p e r  

s u r f a c e   of  the  i n t e r m e d i a t e   a n n u l a r   f r a m e   30(b)  g e n e r a l l y   w i t h  

s m a l l   axia l   c l e a r a n c e   and  with  a  t ight  fit  at  the  "L"  shaped   i n n e r  

a n n u l a r   zone  52(b)  and  to  the  u p p e r   s u r f a c e   of  the  l o w e r   r ing  43 (b )  

without   ax ia l   c l e a r a n c e   and  with  a  tight  fit  at  the  "L"   shaped   e x t e r n a l  

a n n u l a r   zone  56(b).. 

The  s u p p o r t   g r i d s   of  type  b'  a re   d i f f e r e n t   f rom  the  suppo r t   g r id s   o f  

type  b  p r e v i o u s l y   d e s c r i b e d   for  the  d i f f e r e n t   r a d i a l   s i z ing   (the  a x i a l  

one  is  s u b s t a n t i a l l y   equal)   of  the  i nne r   a n n u l a r   f r a m e   30(b')  a n d  

of  the  e x t e r n a l   a n n u l a r   f r a m e   4 0 ( b ' ) .  

The  s u p p o r t s   of  type  b  have   an  inner   a n n u l a r   f r a m e   30(b)  hav ing   a  

total   r a d i a l   t h i c k n e s s   such   as  to  r e c e i v e   in  the  i n n e r   zone  in  t h e  

p r o p e r   a n n u l a r   c h a m b e r s   315(x)  and  316(x)  r e s p e c t i v e l y   the  c o n n e c t i o n s  

7(x),  8(x)  of  the  s t r i p s   and  in  the  e x t e r n a l   zone  : the  said  s p a c e r s   a n d  

t e n s i o n   rods   800  and  the  said  t en s ion   rods   200.  The  suppor t   g r ids   of  t y p e  

b'  have  on  the  c o n t r a r y   an  inner   a n n u l a r   f r a m e .   30(b')  with  s m a l l e r  

r ad i a l   t h i c k n e s s   and  a re   s u i t a b l e   to  r e c e i v e   t h e r e f o r e   only  the  s a i d  

c o n n e c t i o n s   7(x),  8(x)  of  the  ends  of  the  s t r i p s .  

The  c o n t r a r y   o c c u r s   as  c o n c e r n s   the  s i z ing   of  the  e x t e r n a l   a n n u l a r  

f r a m e .  



The  s u p p o r t   gr ids   of  type  b'  have   an  e x t e r n a l   annu la r   f r a m e   4 0 ( b ' )  

hav ing   a  r ad i a l   t h i c k n e s s   such  as  to  p e r m i t   the  p a s s a g e   of  the  t e n s i o n  

rods   800  and  of  the  t e n s i o n   rods   2 0 0 .  

The  s u p p o r t   gr ids   of  type  b  have  on  the  c o n t r a r y   an  e x t e r n a l   a n n u l a r  

f r a m e   40(b),  hav ing   a  s m a l l e r   r a d i a l   t h i c k n e s s   suf f ic ien t   only  t o  

p e r m i t   an  a d e q u a t e   f ixing  of  the  s u p p o r t   gr id  by  wedges  to  t h e  

e x t e r n a l   shel l   of  the  s t e a m   g e n e r a t o r   or  heat   e x c h a n g e r .  

Fo r   the  s u p p o r t s   of  type  b'  the  c o u p l i n g   with  a  tight  fit  b e t w e e n   t h e  

e x t e r n a l   a n n u l a r   f r a m e   40(b')  and  the  i n n e r   a n n u l a r   f r a m e   30(b ')   i s  

a s s u r e d   by  the  "L"  s h a p e d   i nne r   a n n u l a r   zones   r e s p e c t i v e l y   the  l o w e r  

one  51 (b')  and  the  uppe r   one  5 2 ( b ' ) .  

The  coup l ing   g e n e r a l l y   with  a  t ight   fit  b e t w e e n   the  upper   e x t e r n a l  

c o v e r - r i n g   42(b')  and  the  l o w e r   r ing   43(b ' )   is  a s s u r e d   by  the  " L "  

shaped   u p p e r   e x t e r n a l   a n n u l a r   zone  5 6 ( b ' ) .  



1 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   for  tubes   of  s t e a m   g e n e r a t o r s ,  

hea t   e x c h a n g e r s   an  the  l ike,   p a r t i c u l a r l y   for  P .  W.  R.   s t e a m  

g e n e r a t o r s ,   c o m p r i s i n g :  

-  a  r e t i c u l a r   s t r u c t u r e   f o r m e d   of  a  p l u r a l i t y   of  m a i n   l o w e r  

[ 1 ( x ) ]   and  uppe r   [2(x)]  i n t e r s e c t i n g   s t r i p s ,   the  sa id   s t r i p s  

h a v i n g   i n t e r e n g a g i n g   m a i n   m i l l e d   s lo t s   (19)  e q u a l l y   s p a c e d  

at  the  i n t e r s e c t i n g   zones   and  s e c o n d a r y   m i l l e d   s lo t s   (20)  

e q u a l l y   s p a c e d   b e t w e e n   the  sa id   ma in   s lo t s ,   and  of  a  p l u r a l i t y  

of  l ower   [3(x),  5(x)]  and  u p p e r   [4(x),  6(x)]  s e c o n d a r y   s t r i p s  

f i t t ed   in  the  said  s e c o n d a r y   s lo t s ,   c h a r a c t e r i z e d   by  the  f a c t  

that   at  l e a s t   some   s e c o n d a r y   s t r i p s   [3(x),  4(x)]  have   s l o t s  

(21)  equa l ly   s p a c e d   for  the  c o u p l i n g   with  p o r t i o n s   of  the  s a i d  

m a i n   s t r i p s   [1(x),  2(x)]  at  the  i n t e r s e c t i n g   zones   and  t h a t  

all  s t r i p s   or  at  l e a s t   s o m e   s t r i p s   of  the  said  r e t i c u l a r  

s t r u c t u r e   have  at  each  end  a  n o n - s l i d i n g   c o n n e c t i o n   [7 (x ) ,  

8(x)]  with  v a r i a b l e   s e c t i o n ,   g r e a t e r   s e c t i o n   at  the  f r ee   end  

of  the  said  c o n n e c t i o n   (13,  14)  and  s m a l l e r   s e c t i o n   at  t h e  

roo t   of  the  said  c o n n e c t i o n   (9,  10) .  

-  an  e x t e r n a l   a n n u l a r   f r a m e   [30(a) ,   30(a ')]   e n c l o s i n g   the  s a i d  

c o n n e c t i o n s   of  the  ends  of  the  s t r i p s   [7(x),  8(x)]  and  a n  

e x t e r n a l   a n n u l a r   zone  of  the  said  r e t i c u l a r   s t r u c t u r e   f o r m e d  

of  p o r t i o n s   (17,  18)  of  the  s t r i p s   a d j o i n i n g   the  sa id   c o n n e c t i o n s ,  



c h a r a c t e r i z e d   by  the  fact  that  the  i nne r   c e n t r a l   zone  of  t h e  

sa id   a n n u l a r   f r a m e   has  a  p l u r a l i t y   of  l ower   s lo t s   [23(x) ]   a n d  

u p p e r   s lots   [24(x)]   e q u a l l y   spaced ,   s u i t a b l e   to  r e c e i v e   a n d  

to  block  in  p o s i t i o n ,   wi thou t   c l e a r a n c e ,   r e s p e c t i v e l y   the  s a i d  

c o n n e c t i o n s   of  the  ends   of  the  l o w e r   s t r i p s   [7(x)]  and  u p p e r  

s t r i p s   [ 8 ( x ) ] ,   the  sa id   a x i a l l y   e x t e n d i n g   s lo ts   hav ing   a  

v a r i a b l e   v e r t i c a l   t r a n s v e r s a l   s ec t ion ,   s m a l l e r   s e c t i o n   at  t h e  

zone  (309)  w h e r e i n   is  f i t t ed   the  root  (9,  10)  of  the  s a i d  

connec t ion ,   of  the  end  of  the  s t r i p s   and  g r e a t e r   s e c t i o n   at  t h e  

zone  (313)  w h e r e i n   is  f i t t ed   the  f ree   end  (13,  14)  of  the  s a i d  

c o n n e c t i o n   of  the  end  of  the  s t r i p ,   so  that  sa id   c o n n e c t i o n s  

m a y   func t ion   in  t e n s i o n   u n d e r   the  ac t ion   of  e x t e r n a l   f o r c e s  

( t end ing   to  s e p a r a t e   the  sa id   s t r i p s   f rom  the  sa id   a n n u l a r  

f r a m e ) ,   in  o r d e r   to  p r e v e n t   the  d r a w i n g   out  of  the  s a i d  

c o n n e c t i o n   [7(x),  8(x)j  of  the  s t r i p   f rom  the  said  e x t e r n a l  

a n n u l a r   f r a m e .  

2 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   for  tubes   of  s t e a m   g e n e r a t o r s ,  

hea t   e x c h a n g e r s   and  the  l ike,   p a r t i c u l a r l y   for  P.  W.  R.  s t e a m  

g e n e r a t o r s ,   c o m p r i s i n g  :  

-  a  r e t i c u l a r   s t r u c t u r e   f o r m e d   of  a  f i r s t   m a t e r i a l   and  c o n s i s t i n g  

of  a  p l u r a l i t y   of  m a i n   l o w e r   [1(x)]  and  u p p e r   [2(x)]  i n t e r s e c t i n g  

s t r i p s ,   the  said  s t r i p s   hav ing   i n t e r e n g a g i n g   ma in   m i l l e d   s l o t s  

(19)  equa l ly   s p a c e d   at  the  i n t e r s e c t i n g   zones   and  s e c o n d a r y  

m i l l e d   s lots   (20)  e q u a l l y   s p a c e d   b e t w e e n   the  said  m a i n  

s lo t s ,   and  of  a  p l u r a l i t y   of  s e c o n d a r y   lower   [3(x),  5(x)]  a n d  

u p p e r   [4(x),  6(x)]  s t r i p s   f i t ted   in  the  said  s e c o n d a r y   s l o t s  

c h a r a c t e r i z e d   by  the  fact  that  at  l eas t   some  s e c o n d a r y   s t r i p s  

[ 3 ( x ) ,   4(x)]  have  s lo t s   (21)  equa l ly   spaced   for  the  c o u p l i n g  

with  p o r t i o n s   of  the  sa id   m a i n   s t r i p s   [1(x),  2(x)j  at  t h e  

i n t e r s e c t i n g   zones   and  that  all  s t r i p s   or  at  l eas t   s o m e   s t r i p s  

of  the  said  r e t i c u l a r   s t r u c t u r e   have  at  each  end  a  n o n - s l i d i n g  



c o n n e c t i o n   [7(x),  8(x)]  with  v a r i a b l e   s ec t ion ,   g e n e r a l l y  

g r e a t e r   s ec t ion   at  the  f r ee   end  of  the  said  c o n n e c t i o n   (13,  14) 

and  s m a l l e r   s e c t i o n   at  the  root   of  the  said  c o n n e c t i o n   (9,  10);  

-  an  i n t e r m e d i a t e   a n n u l a r   f r a m e   130(b),  30(b ' ) ]   f o r m e d   of  a  

f i r s t   m a t e r i a l   hav ing   s u b s t a n t i a l l y   the  s a m e   c o e f f i c i e n t   of  

t h e r m a l   e x p a n s i o n   of  the  m a t e r i a l   of  the  said  s t r i p s ,   t h e  

sa id   a n n u l a r   f r a m e   e n c l o s i n g   the  said  c o n n e c t i o n s   of  t h e  

ends  of  the  s t r i p s   [7(x),  8(x)]  and  an  e x t e r n a l   a n n u l a r   z o n e  

of  the  said  r e t i c u l a r   s t r u c t u r e   f o r m e d   of  p o r t i o n s   (17,  18)  of 

the  s t r i p s   ad jo in ing   the  sa id   c o n n e c t i o n s ,   c h a r a c t e r i z e d   b y  
, 

the  fact  that  the  i nne r   c e n t r a l   zone  of  the  said  a n n u l a r   f r a m e  

has  a  p l u r a l i t y   of  l o w e r   s lo ts   [23(x)]  and  u p p e r   s lo t s   [ 2 4 ( x ) ]  

e q u a l l y   spaced ,   s u i t a b l e   to  r e c e i v e   and  to  b lock  in  p o s i t i o n ,  

wi thout   c l e a r a n c e ,   r e s p e c t i v e l y   the  sa id   c o n n e c t i o n s   of  t h e  

ends  of  the  lower   [7(x)]  and  u p p e r   [8(x)]  s t r i p s ,   the  s a i d  

a x i a l l y   ex t end ing   s lo t s   hav ing   a  v a r i a b l e   v e r t i c a l   t r a n s v e r s a l  

s e c t i o n ,   g e n e r a l l y   s m a l l e r   s e c t i o n   at  the  zone  (309)  w h e r e i n  

is  f i t ted   the  root   (9,  10)  of  the  sa id   c o n n e c t i o n   of  the  end  of 

the  s t r i p   and  g r e a t e r   s e c t i o n   at  the  zone  (313)  w h e r e i n   i s  

f i t ted   the  f ree   end  (13,  14)  of  the  sa id   c o n n e c t i o n   of  the  e n d  

of  the  s t r ip ,   so  that  sa id   c o n n e c t i o n s   may   func t ion   in  t e n s i o n  

u n d e r   the  ac t ion   of  e x t e r n a l   f o r c e s   ( tending  to  s e p a r a t e   t h e  

said  s t r i p s   f rom  the  said  a n n u l a r   f r a m e ) ,   in  o r d e r   to  p r e v e n t  

the  d r a w i n g   out  of  the  said  c o n n e c t i o n   [7(x),  8(x)] of  the  s t r i p  

f r o m   the  said  i n t e r m e d i a t e   a n n u l a r   f r a m e   [30(b),  3 0 ( b ' ) ] ;  

-  an  e x t e r n a l   a n n u l a r   f r a m e   4 0 ( b ) ,   4 0 ( b ' ) ] ,   f o r m e d   of  a  

s e c o n d   m a t e r i a l   hav ing   a  c o e f f i c i e n t   of  t h e r m a l   e x p a n s i o n   l o w e r  

than  the  f i r s t   m a t e r i a l   of  the  said  s t r i p s   [1(x),   6(x)]  and  of 

the  said  i n t e r m e d i a t e   a n n u l a r   f r a m e   [30(b),  30(b ' ) ]  ,   the  s a i d  



e x t e r n a l   a n n u l a r   f r a m e   [40(b) ,   40(b')]  e n c l o s i n g   s u b s t a n t i a l l y  

the  sa id   i n t e r m e d i a t e   a n n u l a r   f r a m e   [30(b),  3 0 ( b ' ) ] ,  

c h a r a c t e r i z e d   by  the  fact  that  the  said  e x t e r n a l   a n n u l a r   f r a m e  

r i g i d l y   fits,   at  r oom  t e m p e r a t u r e ,   with  the  a n n u l a r   " L "  

s h a p e d   i nne r   lower   [51(b) ,   51(b')J  and  u p p e r   [ 52 (b ) ,   52 (b ' ) ]  

z o n e s   of  the  said  i n t e r m e d i a t e   a n n u l a r   f r a m e   [30(b),   3 0 ( b ' ) ] ,  

whi le   at  a  c e r t a i n   o p e r a t i n g   t e m p e r a t u r e   t h e r e   is  the  f r e e  

r a d i a l   s l i d ing   of  the  said  i n t e r m e d i a t e   a n n u l a r   f r a m e   30(b) ,  

3 0 ( b ' ) ] ,   be ing  f o r e s e e n   an  a d e q u a t e   r a d i a l   c l e a r a n c e   (50)  

b e t w e e n   the  e x t e r n a l   c y l i n d r i c a l   s u r f a c e   (39)  of  the  s a i d  

i n t e r m e d i a t e   a n n u l a r   f r a m e   [30(b),  30(b')]  and  the  c e n t r a l  

i n n e r   c y l i n d r i c a l   s u r f a c e   (49)  of  the  said  e x t e r n a l   a n n u l a r  

f r a m e   140(b),  4 0 ( b ' ) ] .  

3 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid  a c c o r d i n g   to  c l a i m   1  or  2, 

c h a r a c t e r i z e d   by  the  fact  that  the  said  c o n n e c t i o n   [7(x),   8(x)]  

of  the  end  of  the  ma in   [1(x),  2(x)]  and  s e c o n d a r y   [3(x),   4(x)] 

s t r i p s   with  s lo ts   (21)  has  a  he igh t   (142)  lower   t h a n  

the  he igh t   of  the  s t r i p s   and  is  p l aced   at  t h e  

o p p o s i t e   s ide  to  that  w h e r e i n   a re   the  s lots   (19,  20,  21)  o f  

c o u p l i n g   with  the  o ther   s t r i p s   and  that  the  height   of  the  s a i d  

c o n n e c t i o n   [7(x),  8(x)]  of  the  s e c o n d a r y   s t r i p s   [5(x),  6(x)] 

wi thout   s lo t s   is  g e n e r a l l y   equal   to  the  height   of  the  s t r i p .  

4 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id  a c c o r d i n g   to  c l a i m   3, 

c h a r a c t e r i z e d   by  the  fact  that  the  said  c o n n e c t i o n   [7(x),  8(x)] 

with  v a r i a b l e   s ec t ion   has  a  c o n s t a n t   t h i c k n e s s   (110)  g e n e r a l l y  

equal   to  the  t h i c k n e s s   of  the  s t r i p   and  v a r i a b l e   he igh t ,   g r e a t e r  

he ight   (142)  at  the  f ree   end  (13,  14)  of  the  said  c o n n e c t i o n   a n d  

l o w e r   he igh t   (141)  at  the  root   (9,  10)  of  the  said  c o n n e c t i o n .  

5 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid  a c c o r d i n g   to  c l a im  4, 



c h a r a c t e r i z e d   by  the  fact  that  the  said  c o n n e c t i o n   [7(x),   8(x)] 

has  a  dove ta i l   shaped   p r o f i l e   [7(1),  8 ( 1 ) ] .  

6 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a im   4, 

c h a r a c t e r i z e d   by  the  fact   that   the  said  c o n n e c t i o n   [7(x) ,   8(x)] 

has  a  h a l f - d o v e t a i l   s h a p e d   p ro f i l e   [7(1 ' ) ,   8 ( 1 ' ) ] .  

7 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a i m   4,  

c h a r a c t e r i z e d   by  the  fact  that  the  sa id   c o n n e c t i o n   [7(x),  8(x)] 

has   a  h a m m e r - h e a d   s h a p e d   p r o f i l e   [7(2),  8 ( 2 ) ] .  

8 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a i m   4,  

c h a r a c t e r i z e d   by  the  fact  that   the  sa id   c o n n e c t i o n   [7(x),  8(x)] 

has  a  h a l f - h a m m e r - h e a d   s h a p e d   p r o f i l e   [7 (2 ' ) ,   8 ( 2 ' ) ] .  

9 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id  a c c o r d i n g   to  c l a i m   3, 

c h a r a c t e r i z e d   by  the  fact  that  the  said  c o n n e c t i o n   [7(x),   8(x)] 

with  v a r i a b l e   s e c t i o n   has  a  c o n s t a n t   he igh t   (140)  and  a  v a r i a b l e  

t h i c k n e s s ,   g r e a t e r   t h i c k n e s s   (115)  at  the  f r e e   end  (13,  14)  of 

the  sa id   c o n n e c t i o n   and  s m a l l e r   t h i c k n e s s   (114)  at  the  r o o t  

(9,  10)  of  the  said  c o n n e c t i o n .  

1 0 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id  a c c o r d i n g   to  c l a im   9, 

c h a r a c t e r i z e d   by  the  fact  that  the  said  c o n n e c t i o n   7 ( x ) ,   8(x)] 

has  a  dove t a i l   shaped   p r o f i l e   [7(3),  8 ( 3 ) ] .  

1 1 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid  a c c o r d i n g   to  c l a im   9, 

c h a r a c t e r i z e d   by  the  fact  that  the  said  c o n n e c t i o n  [ 7 ( x ) ,   8(x)] 

has  a  h a l f - d o v e t a i l   shaped   p ro f i l e   [7(3') ,   8 ( 3 ' ) ] .  

1 2 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid  a c c o r d i n g   to  c l a im  9, 

c h a r a c t e r i z e d   by  the  fact  that  the  said  c o n n e c t i o n   [7(x),  8(x)] 

has  a  h a m m e r - h e a d   shaped   p ro f i l e   [7(4),  8 ( 4 ) ] .  



1 3 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a im  9, 

c h a r a c t e r i z e d   by  the  fact  that   the  said  c o n n e c t i o n   [7(x),  8(x)] 

has  a  h a l f - h a m m e r - h e a d   shaped   p ro f i l e   [7(4 ') ,   8 ( 4 ' ) ] .  

1 4 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id  a c c o r d i n g   to  c l a im   3, 

c h a r a c t e r i z e d   by  the  fact  that  the  said  c o n n e c t i o n   [7(x),   8(x)] 

with  v a r i a b l e   s e c t i o n   has   a  c o n s t a n t   t h i c k n e s s   and  that  t h e  

s m a l l e r   s e c t i o n   is  p l a c e d   at  the  i n t e r m e d i a t e   point   b e t w e e n  

the  f ree   end  (13,  14)  of  the  said  c o n n e c t i o n   [7(x),  8(x)]  a n d  

the  root  (9,  10)  of  the  sa id   c o n n e c t i o n .  

1 5 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid  a c c o r d i n g   to  c l a im   14 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  said  c o n n e c t i o n   [7(x),   8(x)] 

has  a  c e n t r a l   hole  (106)  w h e r e i n   is  fit ted  without   c l e a r a n c e   a  

b l o c k i n g   pin  ( 1 0 7 ) ,  [ 7 ( 5 ) ,   8 ( 5 ) ] .  

1 6 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid  a c c o r d i n g   to  c l a i m s   1  or  2,  

c h a r a c t e r i z e d   by  the  fact  that   the  said  a n n u l a r   f r a m e   [  30(a) ,  

30(b),  3 0 ( b ' ) ]   e n c l o s i n g   the  said  c o n n e c t i o n s   [7(x) ,   8(x)]  of  

the  ends  of  the  s t r i p s   [1(x) ,   6(x)]  is  f o r m e d   of :  

-  an  i n t e r m e d i a t e   r ing   [31(x)]   having  an  i nne r   c e n t r a l   a n n u l a r  

f lange  (310)  with  s m a l l e r   t h i c k n e s s   (311)  at  the  root  (313) 

of  the  said  f lange   and  g r e a t e r   t h i c k n e s s   (312)  at  the  f r e e  

end  (309)  of  the  sa id   f l ange   (310) ;  

-  a  lower   c o v e r - r i n g   [33(x) ]   c o m p l e t e l y   o v e r l a p p i n g   the  s a i d  

i n t e r m e d i a t e   r ing   [31(x)]  and  an  e x t e r n a l   lower   a n n u l a r  

po r t ion   (17)  of  the  said  r e t i c u l a r   s t r u c t u r e   ad jo in ing   the  s a i d  

c o n n e c t i o n s   [7(x)]  of  the  s t r i p s ,   in  o r d e r   to  form  with  t h e  

o v e r h a n g i n g   f lange   (310)  of  the  said  i n t e r m e d i a t e   r ing  [ 3 1 ( x ) ]  

a  lower   a n n u l a r   c h a m b e r   [315(x)]  having  v a r i a b l e   h e i g h t ,  



g r e a t e r   he ight   (332)  at  the  root   (313)  of  the  said  f l ange   (310)  

and  l o w e r   height   (331)  at  the  f r ee   end  (309)  of  the  sa id   f l a n g e  

( 3 1 0 )  ;  

-  an  u p p e r   c o v e r - r i n g  [ 3 2 ( x ) ]   c o m p l e t e l y   o v e r l a p p i n g   the  s a i d  

i n t e r m e d i a t e   r ing  [31(x)]   and  an  e x t e r n a l   u p p e r   a n n u l a r   p o r t i o n  

(18)  of  the  said  r e t i c u l a r   s t r u c t u r e   ad jo in ing   the  s a i d  

c o n n e c t i o n s   [8(x)]  of  the  s t r i p s   in  o r d e r   to  f o rm  with  t h e  

f l ange   be low  (310)  of  the  sa id   i n t e r m e d i a t e   r i n g  [ 3 1 ( x ) ]   an  u p p e r  

a n n u l a r   c h a m b e r   [316(x)]   h a v i n g   v a r i a b l e   he ight ,   g r e a t e r  

he igh t   (332)  at  the  root   (313)  of  the  said  f lange  (310)  and  l o w e r  

he igh t   (331)  at  the  f r ee   end  (309)  of  the  said  f l ange   ( 3 1 0 ) ;  

-  a  p l u r a l i t y   of  l ower   s p a c e r s   [25(x)]   b e t w e e n   the  s a i d  

c o n n e c t i o n s   [7(x)]  of  the  l o w e r   s t r i p s   [1(x),  3(x),  5(x)]  s h a p e d  

a c c o r d i n g   to  the  p r o f i l e   of  the  sa id   c o n n e c t i o n   [7(x)]  a n d  

a c c o r d i n g   to  the  p r o f i l e   of  the  sa id   lower   a n n u l a r   c h a m b e r  

[ 3 1 5 ( x ) ] ,   in  o r d e r   to  fill  the  s p a c e s   of  the  said  a n n u l a r  

c h a m b e r   [315(x)]   by  d e l i m i t i n g   the  said  s lots   [23(x)]   for  t h e  

f i t t ing   of  the  said  c o n n e c t i o n s   [7(x)]  and  in  o r d e r   to  b lock   i n  

p o s i t i o n   the  said  c o n n e c t i o n s   [7(x)]  of  the  ends  of  the  s t r i p s ;  

-  a  p l u r a l i t y   of  uppe r   s p a c e r s   [26 (x ) ]   be tween   the  s a i d  

c o n n e c t i o n s   [8(x)]  of  the  u p p e r   s t r i p s   [2(x) ,   4(x),  6(x)],  s h a p e d  

a c c o r d i n g   to  the  p r o f i l e   of  the  sa id   c o n n e c t i o n  [  8(x)]  a n d  

a c c o r d i n g   to  the  p r o f i l e   of  the  sa id   upper   a n n u l a r   c h a m b e r  

[316(x)] ,   in  o r d e r   to  fill  the  s p a c e s   of  the  said  a n n u l a r   c h a m b e r  

[316(x)]   by  d e l i m i t i n g   the  sa id   s lo ts   [24(x)]  for  the  f i t t ing   of  

the  sa id   c o n n e c t i o n s   [8(x)]   and  to  block  in  p o s i t i o n   the  s a i d  

c o n n e c t i o n s   [8(x)]  of  the  ends  of  the  s t r i p s .  



1 7 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a im   16 ,  

c h a r a c t e r i z e d   by  the  fact  that   the  said  l ower   [25(x)]   and  u p p e r  

[26(x)]   s p a c e r s   have  a  he igh t   (27)  g e n e r a l l y   g r e a t e r   than  t h e  

he igh t   of  the  said  c o n n e c t i o n s   [7(x),   8(x)]  of  the  end  of  t h e  

s t r i p s .  

1 8 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a im   1 7 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  said  l ower   s p a c e r s   [ 2 5 ( x ) ]  

have  a  l o w e r   l a t e r a l   p r o j e c t i n g   p o r t i o n   [250(x)]   hav ing   a  d e p t h  

(120)  equal   to  the  t h i c k n e s s   (110)  of  the  s t r i p s   and  hav ing   a  

s h a p e d   p ro f i l e   a c c o r d i n g   to  the  p r o f i l e   of  the  l ower   s u r f a c e  

(15)  of  the  said  c o n n e c t i o n   [7 (x)]  of  the  l ower   s t r i p s   [  1(x),  3 (x), 

5(x)]  and  the  said  u p p e r   s p a c e r s [ 2 6 ( x ) ]   have  an  u p p e r   l a t e r a l  

p r o j e c t i n g   p o r t i o n   [260(x)]  hav ing   a  depth  (120)  equal   to  t h e  

t h i c k n e s s   (110)  of  the  s t r i p s   and  hav ing   a  shaped   p r o f i l e  

a c c o r d i n g   to  the  p r o f i l e   of  the  u p p e r   s u r f a c e   (16)  of  the  s a i d  

c o n n e c t i o n   [8(x)]  of  the  u p p e r   s t r i p s .  

1 9 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id  a c c o r d i n g   to  c l a im  18,  

c h a r a c t e r i z e d   by  the  fact  that   the  said  l a t e r a l   p r o j e c t i n g   p o r t i o n s  

[ 2 5 0 ( x ) ,   260(x)]  of  the  sa id   s p a c e r s   [25(x) ,   26(x)]  have  a  f l a t  

i n n e r   s u r f a c e   [250(o) ,   2 6 0 ( o ) ]  .  

2 0 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c la im  18 ,  

c h a r a c t e r i z e d   by  the  fact  that   the  said  l a t e r a l   p r o j e c t i n g   p o r t i o n s  

[  250(x) ,   260(x)]  of  the  sa id   s p a c e r s   [25(x) ,   26(x)]  have  a  h a l f -  

d o v e t a i l   shaped   p ro f i l e   [ 2 5 0 ( 1 ' ) ,   2 6 0 ( 1 ' ) ] .  

2 1 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a im  18 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  said  l a t e r a l   p r o j e c t i n g   p o r t i o n s  

[ 2 5 0 ( x ) ,   260(x)]  of  the  said  s p a c e r s   [25(x),  26(x)]  have  a . h a l f -  

h a m m e r - h e a d   shaped   p r o f i l e  [ 2 5 0 ( 2 ' ) ,   2 6 0 ( 2 ' ) ] .  



2 2 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a i m   16 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  a n n u l a r   o p e n i n g   (331)  at  t h e  

i n n e r   a n n u l a r   zone  (309)  of  t h e  s a i d   l o w e r   a n n u l a r   c h a m b e r   [315(x ) ]  

and  of  the  said  u p p e r   a n n u l a r   c h a m b e r   [316(x)]   is  f ac ing   t h e  

i n s i d e   of  the  said  r e t i c u l a r   s t r u c t u r e   and  is  a l i g n e d   with  the  r o o t  

(9,  10)  of  the  said  c o n n e c t i o n s   [7(x),  8(x)]  of  the  s t r i p s .  

2 3 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a i m   22 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  v e r t i c a l   s e c t i o n   of  the  s a i d  

l o w e r   a n n u l a r   c h a m b e r   [ 3 1 5 ( x ) ] ,   f o r m e d   of  the  sa id   i n t e r m e d i a t e  

r i n g   [31(1a) ,   31( lb) ,   31 ( lb ' ) ]   and  of  the  sa id   l o w e r   c o v e r - r i n g  

[ 3 3 ( 1 a ) ,   33(lb) ,   33(1b')]   and  the  v e r t i c a l   s e c t i o n   of  the  s a i d  

u p p e r   a n n u l a r   c h a m b e r   [316(x) ]   f o r m e d   of  the  sa id   i n t e r m e d i a t e  

r i n g   [31(1a) ,   31 (lb),  31(1b ' )]   and  of  the  said  u p p e r   c o v e r - r i n g  

[ 3 2 ( l a ) ,   32(lb) ,   32(1b')]   have   a  d o v e t a i l   s h a p e d   p r o f i l e   [ 3 1 5 ( 1 ) ,  

316(1)].  

2 4 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a i m   22 ,  

c h a r a c t e r i z e d   by  the  fact  that   the  v e r t i c a l   s e c t i o n   of  the  s a i d  

l o w e r   a n n u l a r   c h a m b e r   [ 3 1 5 ( x ) ] ,   f o r m e d   of  the  sa id   i n t e r m e d i a t e  

r i n g   [31(1a) ,   31( lb) ,   31(1b ' ) ]  and  of  the  said  l o w e r   c o v e r - r i n g  

[ 3 3 ( a ) ,   33(b),  3 3 ( b ' ) ] ,   and  the  v e r t i c a l   s e c t i o n   of  the  sa id   u p p e r  

a n n u l a r   c h a m b e r   [ 3 1 6 ( x ) ] ,   f o r m e d   of  the  said  i n t e r m e d i a t e   r i n g  

[ 3 1 ( 1 a ) ,   31 (1 (b),  31(1b ' ) ]   and  of  the  said  u p p e r   c o v e r - r i n g  

[32 (a ) ,   32(b),  32(b')]  have   a  h a l f - d o v e t a i l   s h a p e d   p r o f i l e   [ 3 1 5 ( 1 ' ) ,  

3 1 6 ( 1 ' ) ] .  

2 5 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid  a c c o r d i n g   to  c l a im   22 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  v e r t i c a l   s e c t i o n   of  the  s a i d  

l o w e r   a n n u l a r   c h a m b e r   [ 3 1 5 ( x ) ] ,   f o r m e d   of  the  sa id   i n t e r m e d i a t e  

r i n g   [ 31 (2a ) ,   31(2b),  31(2b ' ) ]   and  of  the  l ower   c o v e r - r i n g   [ 3 3 ( a ) ,  



33(b),  33(b')]  and  the  v e r t i c a l   s e c t i o n   of  the  said  u p p e r   a n n u l a r  

c h a m b e r   [ 3 1 6 ( x ) ] ,   f o r m e d   of  the  said  i n t e r m e d i a t e   r ing   [31 (2a) ,  

31(2b),  31(2b')]  and  of  the  sa id   u p p e r   c o v e r - r i n g   [32(a),   32 (b ) ,  

32(b')]  have  a  h a l f - h a m m e r - h e a d   shaped   p ro f i l e   [315(2 ' ) ,   3 1 6 ( 2 ' ) ] .  

2 6 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id   a c c o r d i n g   to  c l a i m s   5,  17,  20 ,  

and  24  or  6,  17,  19  and  24,  c h a r a c t e r i z e d   by  the  fact  that  t h e  

c e n t r a l   v e r t i c a l   s e c t i o n   of  the  sa id   s p a c e r s   [25(x) ,   2 6 ( x ) ]  ,  

a c c o r d i n g   to  a  p lane   p a r a l l e l   to  the  p e r t i n e n t   s t r i p s ,   has  a  h a l f -  

d o v e t a i l   shaped   p r o f i l e   [25 ' (1 ) ,   26'(1)]  [25(1'),  2 6 ( 1 ' ) ] .  

2 7 .  -   An  e a r t h q u a k e - s u p p o r t   gr id   a c c o r d i n g   to  c l a i m s   7,  17,  21  a n d  

25  or  8,  17,  19  and  25,  c h a r a c t e r i z e d   by  the  fact  that  the  c e n t r a l  

v e r t i c a l   s ec t ion   of  the  sa id   s p a c e r s   [25(x) ,   26 (x ) ] ,   a c c o r d i n g   t o  

a  p lane   p a r a l l e l   to  the  p e r t i n e n t   s t r i p s ,   have  a  h a l f - h a m m e r - h e a d  

s h a p e d   p ro f i l e   [25 ' (2) ,   26 ' (2)]   [25(2 ' ) ,   2 6 ( 2 ' ) ] .  

2 8 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id ,   a c c o r d i n g   to  c l a i m s   5  and  2 3 ,  

c h a r a c t e r i z e d   by  the  fact  that   the  v e r t i c a l   s ec t ion   of  the  s a i d  

s p a c e r s   [25(x),   26(x)]  a c c o r d i n g   to  a  plane  p a r a l l e l   to  t h e  

p e r t i n e n t   s t r i p s ,   has  a  d o v e t a i l   s h a p e d   p ro f i l e   [25(1) ,   2 6 ( 1 ) ] .  

2 9 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id ,   a c c o r d i n g   to  c l a i m s   10,  17 

and  25,  c h a r a c t e r i z e d   by  the  fact  that  the  h o r i z o n t a l   s e c t i o n   o f  

the  said  s p a c e r s   [25(x) ,   26(x)]  has  a  dovetai l   shaped   p r o f i l e  

[ 2 5 ( 3 ) ,   26 (3 ) ]  .  

3 0 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id,   a c c o r d i n g   to  c l a i m s   11,  1 

and  25,  c h a r a c t e r i z e d   by  the  fact  that  the  h o r i z o n t a l   s e c t i o n   of 

the  said  s p a c e r s   [25(x) ,   26(x)]  has  a  h a l f - d o v e t a i l   s h a p e d  

p r o f i l e   [25(3') ,   2 6 ( 3 ' ) ] .  



3 1 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id,   a c c o r d i n g   to  c l a i m s   12,  17 

and  25,  c h a r a c t e r i z e d   by  the  fact  that  the  h o r i z o n t a l   s e c t i o n   of  

the  sa id   s p a c e r s   [25(x),   26(x)]  has  a  h a m m e r - h e a d   s h a p e d  

p r o f i l e   [25(4) ,   26(4) ]  .  

3 2 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id,   a c c o r d i n g   to  c l a i m s   13,  17 

and  25,  c h a r a c t e r i z e d   by  the  fact  that  the  h o r i z o n t a l   s e c t i o n   o f  

the  sa id   s p a c e r s   [25(x),   26(x)]  has  a  h a l f - h a m m e r - h e a d   s h a p e d  

p r o f i l e   [25 (4 ' ) ,   2 6 ( 4 ' ) ]  .  

3 3 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid,   a c c o r d i n g   to  c l a i m s   15,  17 

and  25,  c h a r a c t e r i z e d   by  the  fact  that  the  h o r i z o n t a l   s e c t i o n   o f  

the  sa id   s p a c e r s   [25(x),   26(x)]  has  a  double   "I"  s h a p e d   p r o f i l e  

[  25(5) ,   2 6 ( 5 ) ]  .  

3 4 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid,   a c c o r d i n g   to  c l a i m s   29  o r  

30  or  31,  or  32  or  33,  c h a r a c t e r i z e d   by  the  fact  that  the  v e r t i c a l  

s e c t i o n   of  the  said  s p a c e r s ,   a c c o r d i n g   to  a  p lane   p a r a l l e l   to  t h e  

p e r t i n e n t   a d j a c e n t   s t r i p s ,   has  a  h a l f - h a m m e r - h e a d   s h a p e d  

p r o f i l e   (345) .  

3 5 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid,   a c c o r d i n g   to  c l a i m   1, 

c h a r a c t e r i z e d   by  the  fact  that  the  said  a n n u l a r   f r a m e   [ 3 0 ( a ' ) ]  

is  f o r m e d   of  :  

-  an  i n t e r m e d i a t e   r ing  [ 3 1 ( l a ' ) ,   31 (1 ' a ' ) ,   31(2a ' ) ,   3 1 ( 2 ' a ' ) ,  

31 (3a ' ) ,   31(3 'a ' ) ,   31(4a ' ) ,   3 1 ( 4 ' a ' ) ] ,   hav ing   a  p l u r a l i t y   of 

l o w e r   [23(x)]   and  u p p e r   [24(x)]  m i l l e d   s lo ts   h a v i n g   a  

v a r i a b l e   v e r t i c a l   t r a n s v e r s a l   s ec t ion ,   g r e a t e r   s e c t i o n   at  t h e  

e x t e r n a l   annu l a r   zone  (313)  and  s m a l l e r   s e c t i o n   at  the  i n n e r  

a n n u l a r   zone  (309),  the  sa id   s lo ts   s u i t a b l e   to  r e c e i v e   and  to  

b lock   in  pos i t ion   wi thout   c l e a r a n c e   the  said  c o n n e c t i o n s   [ 7 ( x ) ,  

8(x)]  of  the  s t r i p s ;  



-  an  e x t e r n a l   r ing   [33(a ' ) ,   3 3 ( l a ' ) ,   33(2a ' ) ]   having  a  l o w e r  

inner   f l ange   [ 3 3 0 ( a ' ) ] ,   the  said  f l ange   having  the  i n n e r  

d i a m e t e r   (339)  s m a l l e r   than  the  d i a m e t e r   (309)  c o r r e s p o n d i n g  

to  the  r o o t s   (9,  10)  of  the  said  c o n n e c t i o n s   [7(x),  8(x)]  of 

the  s t r i p s ,   the  said  e x t e r n a l   r ing   [ 3 3 ( a ' ) ,   33(1a ' ) ,   3 3 ( 2 a ' ) ]  

s u i t a b l e   to  r e c e i v e   and  to  block  with  a  tight  fit  at  the  " L "  

shaped   i n n e r   a n n u l a r   zone  [ 5 3 ( a ' ) ] ,   ad jo in ing   the  root   of  t h e  

said  i n n e r   f l ange   3 3 0 ( a ' )  ,   the  sa id   i n t e r m e d i a t e   r ing   [ 3 1 ( 1 a ' ) ,  

3 1 ( l ' a ' ) ,   31(2a ' ) ,   31 (2 ' a ' ) ,   31(3a ' ) ,   31 (3 ' a ' ) ,   3 1 ( 4 a ' ) ,  

3 1 ( 4 ' a ' ) ] ,   the  said  e x t e r n a l   r ing   hav ing   the  inner   s h a p e d  

p r o f i l e   a c c o r d i n g   to  the  e x t e r n a l   p r o f i l e   of  the  said  i n t e r m e d i a t e  

r i n g ;  

-  an  u p p e r   c o v e r - r i n g   [32 (a ' ) ,   3 2 ( l a ' ) ,   32(2a')]  having  t h e  

inner   d i a m e t e r   (329)  s m a l l e r   than  the  d i a m e t e r   (309)  

c o r r e s p o n d i n g   to  the  roo t s   (9,  10)  of  the  said  c o n n e c t i o n s  

[7 (x ) ,   8(x)]  of  the  s t r i p s ,   the  said.  u p p e r   c o v e r - r i n g   [ 3 2 ( a ' ) ,  

3 2 ( l a ' ) ,   32(2a ' ) ]   hav ing   the  i nne r   s h a p e d   p ro f i l e   a c c o r d i n g  

to  the  e x t e r n a l   p ro f i l e   of  the  u p p e r   s u r f a c e s   of  the  s a i d  

i n t e r m e d i a t e   r ing   [ 3 1 ( 1 a ' ) ,   3 1 ( l ' a ' ) ,   31(2a ' ) ,   31 (2 ' a ' ) ,   3 1 ( 3 a ' ) ,  

31 (3 ' a ' ) ,   31(4a ' ) ,   31(4 'a ' ) J   and  of  the  said  e x t e r n a l   r ing   [ 3 3 ( a ' ) ,  

3 3 ( l a ' ) ,   3 3 ( 2 a ' ) ] ,   the  said  u p p e r   c o v e r - r i n g   being  m o u n t e d  

with  a  t ight   fit  on  the  said  i n t e r m e d i a t e   r ing  at  the  "L"  s h a p e d  

inner   a n n u l a r   zone  [54(a ')]   of  the  said  i n t e r m e d i a t e   r i n g .  

3 6 .  -   An  e a r t h q u a k e - p r o o f   suppor t   grid,  a c c o r d i n g   to  c la im  35, 

c h a r a c t e r i z e d   by  the  fact  that  the  said  l o w e r   s lots   [23(x)]  a n d  

uppe r   s lo ts   [24(x)]  have  a  c o n s t a n t   width  (100)  equal  to  t h e  

t h i c k n e s s   (110)  of  the  said  c o n n e c t i o n s   [7(x),  8(x)]  of  the  e n d s  

of  the  s t r i p s   and  a  v a r i a b l e   he ight ,   g r e a t e r   height   (132)  at  t h e  



e x t e r n a l   d i a m e t e r   (313)  of  the  said  i n t e r m e d i a t e   r ing   and  l o w e r  

he ight   (131)  at  the  i n n e r   d i a m e t e r   (309)  of  the  sa id   i n t e r m e d i a t e  

r i n g .  

3 7 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid,  a c c o r d i n g   to  c l a i m   35 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  sa id   l o w e r   s lo ts   [23(x)]  a n d  

u p p e r   s lo t s   [24 (x ) ]   have  a  c o n s t a n t   he igh t   and  a  v a r i a b l e   w i d t h ,  

g e n e r a l l y   g r e a t e r   width  (105)  at  the  e x t e r n a l   a n n u l a r   zone  (313)  

and  s m a l l e r   wid th   (104)  at  the  i nne r   a n n u l a r   zone  (309)  of  t h e  

said  i n t e r m e d i a t e   r i n g .  

3 8 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid,   a c c o r d i n g   to  c l a i m   3 6 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  v e r t i c a l   ax ia l   s e c t i o n   of  t h e  

said  s lo t s   [23 (x),  24(x)]  has  a  d o v e t a i l   shaped   p r o f i l e   [ 2 3 ( 1 ) ,  

24 (1 ) ]  .  

3 9 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid,  a c c o r d i n g   to  c l a i m   36 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  v e r t i c a l   ax ia l   s e c t i o n   of  t h e  

said  s lo ts   [23(x) ,   24(x)]  has  a  h a l f - d o v e t a i l   s h a p e d   p r o f i l e  

[ 2 3 ( 1 ' ) ,   2 4 ( 1 ' ) ] .  

4 0 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid,  a c c o r d i n g   to  c l a i m   36 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  v e r t i c a l   ax ia l   s e c t i o n   of  t h e  

said  s lo ts   [23(x) ,   24(x)]  has  a  h a m m e r - h e a d   shaped   p r o f i l e  

[23(2) ,   2 4 ( 2 ) ]  .  

4 1 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id,   a c c o r d i n g   to  c l a im   36 ,  

c h a r a c t e r i z e d   by  the  fact  that  the  v e r t i c a l   ax ia l   s ec t i on   of  t h e  

said  s lo ts   [23 (x ) ,   24(x)]  has  a  h a l f - h a m m e r - h e a d   s h a p e d  

p ro f i l e   [23(2 ' ) ,   2 4 ( 2 ' ) ] .  



4 2 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid,   a c c o r d i n g   to  c l a im  37,  

c h a r a c t e r i z e d   by  the  fact   that   the  h o r i z o n t a l   s e c t i o n   of  t h e  

said  s lots   [23(x),   24(x)]  has   a  dove ta i l   shaped   p r o f i l e   [ 2 3 ( 3 ) ,  

2 4 ( 3 ) ]  .  

4 3 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   grid,   a c c o r d i n g   to  c l a im  37,  

c h a r a c t e r i z e d   by  the  fact   that   the  h o r i z o n t a l   s e c t i o n   of  t h e  

sa id   s lots   [23(x),  24(x)]  has   a  h a l f - d o v e t a i l   s h a p e d   p r o f i l e  

[ 2 3 ( 3 ' ) ,   2 4 ( 3 ' ) ] .  

4 4 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id ,   a c c o r d i n g   to  c l a i m   37,  

c h a r a c t e r i z e d   by  the  fact   that   the  h o r i z o n t a l   s e c t i o n   of  t h e  

said  s lo ts   [23(x) ,   24(x)]  has   a  h a m m e r - h e a d   shaped   p r o f i l e  

[  23(4),   24 (4 ) ]  .  

4 5 .  -   An  e a r t h q u a k e - p r o o f   s u p p o r t   gr id,   a c c o r d i n g   to  c l a i m   37,  

c h a r a c t e r i z e d   by  the  fact   that   the  h o r i z o n t a l   s e c t i o n   of  t h e  

sa id   s lots   [23(x),   24(x)]  has   a  h a l f - h a m m e r - h e a d   s h a p e d  

p r o f i l e   [23 (4 ' ) ,   2 4 ( 4 ' ) ]  .  
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