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(5j)  Modular  space  frame  and  modular  units  therefor. 

A  modular  space  frame  is  disclosed  which  is  made  up  of 
planar  units.  Each  unit  has  an  upper  chord  7  attached  via  a 
post  9  to  a  tie  bar  interconnection  member  which  may  be  a 
boss  10  or  a  lower  chord  31.  One  unit  has  two  other  units 
connected  one  across  each  end  of  its  upper  chord  and  two 
further  units  connected  by  their  ends  to  radiate  from  the 
chord  at  its  mid-point  where  the  post  is  attached.  The  tie  bar 
interconnection  members  are  connected  by  tie  bars  which 
extend  in  a  grid  similar  to  that  of  the  chords  but  disposed  in 
register  below  the  chords. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m o d u l a r   s p a c e  

f r a m e ,   t h a t   i s   to  say   a  t h r e e   d i m e n s i o n a l   s t r u c t u r e ,   s u c h  

as  i s   s u i t a b l e   f o r   u se   in  t h e   b u i l d i n g   i n d u s t r y ,   c o n -  

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

A  p r i o r   s p a c e   f r a m e   o n s t r u c t e d  o f   m o d u l a r   u n i t s  

i s   d e s c r i b e d   in   my  P a t e n t   S p e c i f i c a t i o n   No.  1 , 4 6 4 , . 7 7 7 .  

T h i s   f r a m e   is   b a s e d   on  t h e   u s e   of  a  m o d u l a r   p y r a m i d   u n i t  

c o m p r i s i n g   t h r e e   or  more  s t r u t s   e x t e n d i n g   f rom  an  a p e x .  

G e n e r a l l y   t h e   s t r u t s   a r e   i n t e r - c o n n e c t e d   a t   t h e i r   e n d s  

r e m o t e   f rom  t he   a p e x   by  a  p l a n a r   p o l y g o n a l   f r a m e .   T h e  

s p a c e   f r a m e   i s   c o n s t r u c t e d   by  j o i n i n g   t o g e t h e r   a  p l u r a l -  

i t y   of  p y r a m i d   u n i t s   a l o n g   t he   s i d e s   of  t h e i r   p o l y g o n a l  

f r a m e s   so  t h a t   t he   p o l y g o n a l   f r a m e s   fo rm  a  d e c k .   T h e  

p y r a m i d   u n i t s   a r e   so  a r r a n g e d   t h a t   a l l   t he   s t r u t s   e x -  

t e n d   to  t h e   u n d e r - s i d e   of  t h e   d e c k .   The  s p a c e   f r a m e  

is   c o m p l e t e d   by  i n t e r - c o n n e c t i n g   the   a p i c e s   of  t h e  

p y r a m i d s   w i t h   t i e   b a r s .  

Such   a  s p a c e   f r a m e   s u f f e r s   f rom  two  d i s a d v a n -  

t a g e s .   F i r s t l y   t he   m o d u l a r   p y r a m i d   u n i t s   a r e   t h r e e  

d i m e n s i o n a l   u n i t s   w h i c h   r e n d e r s   t h e i r   t r a n s p o r t   f r o m  

f a c t o r y   to  s i t e   awkward   and  i n e f f i c i e n t .   T h i s   l i m i t s  

t he   s i z e   of  t h e   p y r a m i d   u n i t s   and  makes   t he   s t r u c t u r e  

u n e c o n o m i c a l .   S e c o n d l y   t h e   a p i c e s   a r e   p o s i t i o n e d   c e n -  

t r a l l y   w i t h   r e s p e c t   to  t h e i r   p o l y g o n a l   f r a m e s .   C c n s e -  

q u e n t l y   t h e   s i d e s   of  t he   b a s e   f r a m e s   and  the   t i e   b a r s  

a r e   n o t   in   r e g i s t e r   a b o v e   e a c h   o t h e r   b u t   c o n s t i t u t e   o f f -  

s e t   g r i d s .   T h i s   can  r e s t r i c t   t h e   s i z e   and  p o s i t i o n -  

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

s u c h   as  s k y l i g h t s , w h e r e   the   s p a c e   f r a m e   is  b e i n g   u s e d  



to  s u p p o r t   a  r o o f .  

I  h a v e   now  r e a l i s e d   t h a t   a  s p a c e   t r a m e   may  b e  

c o n s t r u c t e d   f rom  v e r t i c a l l y   d i s p o s e d   p l a n a r   m o d u l a r  

u n i t s ,   t h e r e b y   o v e r c o m i n g   t h e   a b o v e   n o t e d   d i s a d v a n t a g e s .  

T y p i c a l l y   t h e   m o d u l a r   u n i t s   w i l l   be  in  an  a r r a n g e m e n t  

w h e r e i n   a)  t h e i r   so  c a l l e d   " d e c k   e d g e s "   fo rm  a  s q u a r e  

g r i d   d e c k   w i t h   t i e   b a r s   f o r m i n g   a  s e c o n d   g r i d   b e l o w  

and  in  r e g i s t e r   t he   g r i d   f o r m e d   by  t he   d e c k   e d g e s ;  

b)  e a c h   u n i t   is   c o n n e c t e d   to  two  o t h e r   u n i t s   e x t e n d i n g  

l a t e r a l l y   f rom  i t s   m i d - p o i n t ,   one  on  e a c h   s i d e ;   a n d  

c)  e a c h   u n i t   i s   c o n n e c t e d   to  two  f u r t h e r   u n i t s ,   o n e  

e x t e n d i n g   a c r o s s   e a c h   end  t h e r e o f .  

A d d i t i o n   of  t he   n e x t   f o u r   u n i t s   e x t e n d i n g  

l a t e r a l l y   f rom  t h e   m i d - p o i n t s   of  t h e   o t h e r   u n i t s   d e f i n e s  

f o u r   s q u a r e s   of  t h e   g r i d  -   t h e   s i d e s   of  t h e   s q u a r e s   b e i n g  

h a l f   t he   l e n g t h   of  t h e   u n i t s .   Of  c o u r s e ,   t h e   u n i t s   n e e d  

n o t   a l l   be  of  t h e   same  l e n g t h ,   t h u s   a  r e c t a n g u l a r   g r i d  

may  be  made  up  of  u n i t s   of  one  l e n g t h   o r i e n t e d   in  o n e  

d i r e c t i o n   and  u n i t s   of  a n o t h e r   l e n g t h   o r i e n t e d   a t   r i g h t  

a n g l e s .   F u r t h e r ,   t he   u n i t s   need   n o t   be  a r r a n g e d   a t  

r i g h t   a n g l e s ;   t h e   u n i t s   may  be  a r r a n g e d   i n t o   r h o m b i c  

or  p a r r a l l e l o g r a m   g r i d   s p a c e   f r a m e s .   Such   a  s p a c e   f r a m e  

may  be  r e f e r r e d   to  as  a  " p l a n a r   m o d u l a r   u n i t  

q u a d i l a t e r a l   s p a c e   f r a m e " .  

A c c o r d i n g   to  one  a s p e c t   of  t he   i n v e n t i o n   t h e r e  

is   p r o v i d e d   a  p l a n a r   m o d u l a r   u n i t   f o r   a  q u a d r i l a t e r a l  

s p a c e   f r a m e   c o m p r i s i n g   an  e l o n g a t e   d e c k - e d g e   c h o r d ,  



a  p o s t   a t t a c h e d   p e r p e n d i c u l a r l y   a t   one  end  t h e r e o f  

to  t h e   s a i d   c h o r d ,   a  t i e   b a r   i n t e r c o n n e c t i o n   m e m b e r  

a t t a c h e d   to  t h e   o t h e r   end  of  t h e   s a i d   p o s t ,   a t   l e a s t  

one  b r a c e   a t t a c h e d l y   e x t e n d i n g   f rom  an  end  of  t h e  

s a i d   c h o r d   r e m o t e   f rom  the   s a i d   p o s t   to  t he   o t h e r  

end  of  t he   s a i d   p o s t   or  to  t he   s a i d   t i e   b a r   i n t e r -  

c o n n e c t i o n   m e m b e r ,   end  c o n n e c t i o n   means   a t   t he   s a i d  

one  end  or  b o t h   e n d s   of  t he   s a i d   c h o r d   and  s i d e  

c o n n e c t i o n   means   on  t h e   s a i d   c h o r d   a d j a c e n t   the   s a i d  

one  end  of  t h e   s a i d   p o s t ,   t he   s a i d   s i d e   c o n n e c t i o n  

means   and  t he   s a i d   end  c o n n e c t i o n   means   b e i n g  

c o m p l e m e n t a r y   w h e r e b y   one  or  two  o t h e r   s u c h   u n i t s  

can   be  c o n n e c t e d   v i a   i t s   or  t h e i r   end  c o n n e c t i o n  

means   to   t h e   s a i d   c h o r d   on  one  or  b o t h   s i d e s  

t h e r e o f   r e s p e c t i v e l y ,   t he   s a i d   t i e   b a r   i n t e r c o n n e c -  

t i o n   member   b e i n g   a d a p t e d   f o r   i n t e r c o n n e c t i o n   b y  

t i e   b a r s   w i t h  t h e   t i e   b a r   i n t e r c o n n e c t i o n   m e m b e r s  

of  such   o t h e r   u n i t   or  u n i t s   and  of  any  o t h e r   s u c h  

u n i t   c o n n e c t e d   to  t h e   s a i d   end  c o n n e c t i o n   m e a n s ,  

s u c h   t i e   b a r s   e x t e n d i n g   in  r e g i s t e r   w i t h   the   s a i d  

c h o r d   and  t he   c h o r d s   of  s u c h   o t h e r   u n i t s   c o n n e c t e d  

to  t he   s a i d   c h o r d .  

The  p l a n a r   m o d u l a r   u n i t   may  be  a  h a l f   u n i t ,   h a v -  

ing   i t s   p o s t   a t t a c h e d   to  i t s  c h o r d   a t   one  end  of  t h e  

c h o r d   and  h a v i n g   a  s i n g l e   b r a c e ,   f o r   u se   a t   the   end  o f  

a  s p a c e   f r a m e   c o m p r i s e d   m a i n l y   of  main   f r a m e   u n i t s   o f  

t w i c e   t he   l e n g t h   of  t he   h a l f   f r a m e   u n i t s .   Such  a  

main   f r ame   u n i t   has   i t s   p o s t   a t t a c h e d   to  i t s   c h o r d   a t  

t he   m i d - p o i n t   of  t he   c h o r d   and  h a s  a   p a i r   of  b r a c e s ,  

one  e x t e n d i n g   f rom  one  end  of  t he   c h o r d   to  t he   o t h e r  



end  of  t h e   p o s t   or  t he   t i e   b a r   i n t e r c o n n e c t i o n   m e m b e r  

and  t h e   o t h e r   e x t e n d i n g   f rom  t h e   o t h e r   end  of  t he   c h o r d  

to  t h e   o t h e r   end  of  t he   p o s t   or   t h e   t i e   b a r   i n t e r -  

c o n n e c t i o n   m e m b e r .  

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

u n i t s   may  be  e m p l o y e d .   Such  a  u n i t   has   i t s   e l o n g a t e  

t i e   b a r   i n t e r c o n n e c t i o n   member   in   t he   fo rm  of  a n  

e l o n g a t e   s e c o n d   c h o r d   a r r a n g e d   p a r a l l e l   to  i t s  

d e c k - e d g e   c h o r d ,   has   i t s   p o s t   a t t a c h e d   to  t h e   d e c k -  

edge   c h o r d   and  t he   s e c o n d   c h o r d   i n t e r m e d i a t e   t h e i r  

r e s p e c t i v e   e n d s ,   has   a  p a i r   of  b r a c e s ,   one  e x t e n d i n g  

f rom  one  end  of  t h e   d e c k - e d g e   c h o r d   to  t h e   c o r r e s p o n d -  

i n g   end  of  t h e   s e c o n d   c h o r d   and  t h e   o t h e r   e x t e n d i n g  

f rom  t h e   o t h e r   end  of  t h e   d e c k - e d g e   c h o r d   to  t h e   o t h e r  

end  of  t h e   s e c o n d   c h o r d   and  h a s   f u r t h e r   b r a c e s   t r i a n g -  

u l a t i n g   t he   u n i t   b e t w e e n   t he   ends   of  t he   s e c o n d  

c h o r d   and  one  of  t he   ends   of  t h e   p o s t .  

The  e x t e n d e d   f r a m e   u n i t s   may  be  d o u b l e   f r a m e  

u n i t s .   Such  a  u n i t   has   i t s   d e c k - e d g e   c h o r d   s u b s t a n -  

t i a l l y   t w i c e   the   l e n g t h   of  i t s   s e c o n d   c h o r d ,   h a s   i t s  

p o s t   a t t a c h e d   to  t h e   two  c h o r d s   a t   t h e i r   m i d - p o i n t s   a n d  

h a s   two  f u r t h e r   b r a k e s ,   one  e x t e n d i n g   f rom  o n e  

end  of  t h e   s e c o n d   c h o r d   to  t h e   m i d - p o i n t   of  t h e   d e c k -  

edge   c h o r d   and  t he   o t h e r   e x t e n d i n g   f rom  t he   o t h e r   e n d  

of  t h e   s e c o n d   c h o r d   to  t he   m i d - p o i n t   of  t he   d e c k - e d g e  

c h o r d .   D o u b l e   f r a m e   u n i t s   may  be  u s e d   in  c o n j u n c t i o n  

w i t h   m a i n   f r a m e   u n i t s ,   in  w h i c h   c a s e   t h e y   a r e   t w i c e  

t h e   l e n g t h   of  t he   ma in   f r a m e   u n i t s .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n  

t h e r e   is   p r o v i d e d   a  p l a n a r   m o d u l a r   u n i t   q u a d r i l a t e r a l  

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

u n i t s   or  e x t e n d e d   f r a m e . u n i t s   and  a  p l u r a l i t y   o f  



t i e   b a r s ,   t h e   u n i t s   b e i n g   a r r a n g e d   in  a  s p a c e   f r a m e  

w i t h   t h e i r   d e c k - e d g e   c h o r d s   f o r m i n g   a  r e g u l a r - q u a d r i l a t -  

e r a l   g r i d   d e c k   and  t h e i r   t i e   b a r   i n t e r c o n n e c t i o n  

m e m b e r s   a l l   on  one  s i d e   of  t h e   d e c k   w h e r e   t h e y   a r e  

i n t e r c o n n e c t e d   by  t he   t i e   b a r s ,   t h e   a r r a n g e m e n t   i n -  

c l u d i n g   a t   l e a s t   one  u n i t   c o n n e c t e d   by  i t s   end  c o n -  

n e c t i o n   means   to  two  o t h e r   u n i t s   v i a   t h e i r   s i d e  

c o n n e c t i o n   means   and  by  i t s   s i d e   c o n n e c t i o n   means   t o  

two  f u r t h e r   u n i t s   v i a   t h e i r   end  c o n n e c t i o n   means   a n d  

t he   t i e   b a r   i n t e r c o n n e c t i o n   member   of  t he   s a i d   a t  

l e a s t   one  u n i t   b e i n g   c o n n e c t e d   to  t he   t i e   b a r   i n t e r -  

c o n n e c t i o n   m e m b e r s   of  the   o t h e r   and  the   f u r t h e r   u n i t s  

by  t i e   b a r s   f o r m i n g   a  r e g u l a r - q u a d i l a t e r a l   g r i d   i n  

r e g i s t e r   w i t h   t h a t   of  t h e   d e c k - e d g e   c h o r d s .   T h e  

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

a r e   r e f e r r e d   to  h e r e i n a f t e r   as  t h e   " b a s i c   f i v e "   u n i t s .  

A  s p a c e   f r a m e   h a v i n g   t h e   b a s i c   f i v e   and  a  

n u m b e r   more   u n i t s   a l o n e   has   an  i r r e g u l a r   end .   T h e  

f r a m e   can   be  g i v e n   a  r e g u l a r   end  by  u se  o f   h a l f   f r a m e  

u n i t s .  
In  s u c h   a  s p a c e   f r a m e ,   an  end  i s   d e f i n e d   by  a  

p l u r a l i t y   of  a l i g n e d   ma in   f r a m e ,   d o u b l e   f r a m e   or  o t h e r  

e x t e n d e d   f r a m e   u n i t s   w h i c h   a r e   c o n n e c t e d   to  t h e   r e s t  

of  t he   f r a m e   on  one  s i d e   v i a   t h e i r   s i d e   c o n n e c t i o n   m e a n s ;  

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

e a c h   a d j a c e n t   p a i r   of  t he   s a i d   u n i t s   f o r m i n g   t h e   e n d  

of  t he   f r a m e   v i a   t he   end  c o n n e c t i o n   means   of  t he   s a i d  

u n i t s   and  t h e   s i d e   c o n n e c t i o n   means   of  the   h a l f   f r a m e  

u n i t ,   t he   end  c o n n e c t i o n   means   of  e ach   h a l f   f r a m e  

member   b e i n g   c o n n e c t e d   to  t he   s i d e   c o n n e c t i o n   means   o f  



a  u n i t   i d e n t i c a l   t o  t h e   s a i d   end  u n i t s   in  a  l i n e  

a d j a c e n t   t he   end  of  t he   f r a m e .  

At  a  c o r n e r   b e t w e e n   to  two  a d j o i n i n g   ends   of  t h e  

s p a c e   f r a m e ,   t he   c o r n e r   i s   f o r m e d   b e t w e e n   an  end  o n e  

of  the   s a i d   end  u n i t s   of  one  end  of  t he   f r a m e   and  a  

h a l f   f r a m e   u n i t   f o r m i n g   the   end  of  t h e   s a i d   end  u n i t s  

of  t he   e t h e r   end  of  t h e   f r a m e ,   t h e   s a i d   h a l f   f r a m e   u n i t  

b e i n g   c o n n e c t e d   by  i t s   s i d e   c o n n e c t i o n   means   to  t h e   s a i d  

end  one  of  the   s a i d   end  u n i t s   and  by  i t s   end  c o n n e c -  

t i o n   m e a r s   to  t he   end  c o n n e c t i o n   means   of  t he   a d j a c e n t  

end  u n i t   of  t he   o t h e r   end  of  t he   f r a m e   w i t h   a  h a l f  

f r a m e   u n i t   e x t e n d i n g   to  the   a d j a c e n t   l i n e   of  u n i t s  

c o n n e c t e d   t h e r e b e t w e e n .  

In  g e n e r a l ,   in  a  s p a c e   f r a m e   c e r t a i n   m e m b e r s  

a r e   more  h i g h l y   l o a d e d   t h a n   o t h e r s .   I f   a  member   b e c o m e s  

c r i t i c a l l y   l o a d e d ,   t h a t   i s   l o a d e d   to  a  l o a d   a t   w h i c h   i t  

f a i l s ,   and  i t   is  in  c o m p r e s s i o n ,   t he   member   can   b e  

e x p e c t e d   to  f a i l   in  a  b r i t t l e   m a n n e r .   Then  t he   m e m b e r  

w i l l   c e a s e   to  be  e f f e c t i v e   in  b e a r i n g   any  l o a d   in  t h e  

s p a c e   f r a m e .   The  t o t a l   l o a d   p r e v i o u s l y   b o r n e   by  L h e  

f a i l e d   member  w i l l   be  r e d i s t r i b u t e d   to  o t h e r   m e m b e r s .  

T h i s   can  r e s u l t   in  f u r t h e r   c o m p r e s s i o n   l o a d e d   m e m b e r s  

b e c o m i n g   c r i t i c a l l y   l o a d e d   and  f a i l i n g   b r i t t l y   w h e r e -  

u p o n   the   e n t i r e   s p a c e   f r a m e   may  c o l l a p s e .  

I f   a  t e n s i o n   l o a d e d   member   b e c o m e s   c r i t i c a l l y  

l o a d e d ,   t he   member  can   be  e x p e c t e d   to  f a i l   in  a  p l a s t i c  

m a n n e r .   Then  the   member  w i l l  c o n t i n u e   to  be  l o a d   b e a r -  

i ng   w h i l s t   u n d e r g o i n g   a p p r e c i a b l e   e l o n g a t i o n .   D u r i n g  

t h i s   e l o n g a t i o n ,   t h a t   p r o p o r t i o n   of  t he   f a i l e d   m e m b e r ' s  

l o a d   b e a r i n g   c a p a c i t y   w h i c h   i t   can  no  l o n g e r   c a r r y   w i l l  

be  r e d i s t r i b u t e d   to  o t h e r   m e m b e r s .   T h i s   r e d i s t r i b u t e d  



l o a d   is   o n l y   a  s m a l l   p r o p o r t i o n   of  t he   f a i l e d   m e m b e r ' s  

t o t a l   l o a d   b e a r i n g   c a p a c i t y   and  s h o u l d   n o t   r e s u l t   i n  

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

t h u s   c o l l a p s e   of  t he   e n t i r e   s p a c e   f r a m e   s h o u l d   b e  

a v o i d e d .  

A  p l a n a r   m o d u l a r   u n i t   a c c o r d i n g   to   t h e   i n v e n t i o n  

p r e f e r a b l y   i n c l u d e s   a  l o a d   l i m i t i n g   d c c i c e   in  t he   d e c k -  

edge   c h o r d   f o r   l i m i t i n g   the   c o m p r e s s i o n   l o a d   t h e r e i n  

to  a  v a l u e   b e l o w   t he   m e m b e r ' s   c r i t i c a l   c o m p r e s s i o n  

l o a d ,   t he   l o a d   l i m i t i n g   d e v i c e   b e i n g   s u c h   as  to  f a i l  

p l a s t i c a l l y   a t   t h i s   v a l u e   of  l o a d .  

P r e f e r a b l y   t h e   l o a d   l i m i t i n g   d e v i c e   c o m p r i s e s   a n  

e x t e r n a l l y   s c r e w - t h r e a d e d   p l u g   t h r e a d e d l y   e n g a g e d   i n  

an  i n t e r n a l l y   s c r e w - t h r e a d e d   s o c k e t ,   one  of  t h e   p l u g -  

a n d - s o c k e t   b e i n g  a t t a c h e d   to  t he   c h o r d   and  t h e   o t h e r  

to  t h e   end  c o n n e c t i o n   means   w i t h   t h e   s c r e w   t h r e a d   o f  

t he   p l u g - a n d - s o c k e t   b e i n g   a x i a l l y   a l i g n e d   w i t h   t h e  

d i r e c t i o n   of  c o m p r e s s i o n   l o a d   a p p l i c a t i o n   to  t h e  c h o r d  

f rom  t he   end  c o n n e c t i o n   m e a n s ,   t h e   s c r e w   t h r e a d   b e i n g  

p l a s t i c a l l y   d e f o r m a b l e   f o r   l o a d   l i m i t i n g   by  t h r e a d  

s h e a r .  
I t   is  e n v i s a g e d   t h a t   t he   t h r e a d   s h e a r   may  o c c u r  

in  t he   p l u g   or  t he   s o c k e t   or  b o t h .   T h i s   can  be  c o n t r o l -  

l ed   by  t h e  r e l a t i v e   h a r d n e s s   of  t he   p l u g   and  the   s o c k e t  

and  t he   t o o t h   fo rm  a d o p t e d .   W h i l s t   t h e   p l u g   c o u l d   b e  

a t t a c h e d   to  t he   c h o r d   or  the   s o c k e t   c o u l d   be  in   a n  

e x t e n s i o n   of  t he   c h o r d ,   i t   is  p r e f e r r e d   t h a t   t he   s o c k e t  

be  a t t a c h e d   i n s i d e   the   end  of  t he   c h o r d .   T h i s   i s  

p a r t i c u l a r l y   c o n v e n i e n t   whe re   the   c h o r d   is   h o l l o w .  

P r e f e r a b l y   the   p l u g   is  a t t a c h e d   to  an  a b u t m e n t  

p l a t e   w h i c h   c o n s t i t u t e s   the   end  c o n n e c t i o n   means   a n d  



b e a r s   a g a i n s t   t he   s i d e   c o n n e c t i o n   means   of  a n o t h e r  

u n i t   to  r e c e i v e   t h e   c o m p r e s s i o n   l o a d .   N o r m a l l y   a  g a p  

w i l l   be  p r o v i d e d   b e t w e e n   t h e   a b u t m e n t   p l a t e   and  t h e  

s o c k e t .   The  gap  d i m i n i s h e s   as  t h e   t h r e a d   s h e a r s .  

U l t i m a t e l y   i f   t he   r e d i s t r i b u t i o n   of  l o a d   i s   i n s u f f i c i -  

e n t  t o   r e l i e v e   t he   l o a d   on  t h e   c h o r d   to  b e l o w   t h e  

p r e d e t e r m i n e d   v a l u e ,   t h e   a b u t m e n t   p l a t e   w i l l   come  i n t o  

c o n t a c t   w i t h   the   s o c k e t   a t   t h e   end  of  t he   c h o r d   g i v i n g  

s o l i d   a b u t m e n t   w i t h   the   c h o r d .  

A  s o f t   s e a l i n g   w a s h e r   is  p r e f e r a b l y   p r o v i d e d  

b e t w e e n   the   a b u t m e n t   p l a t e   and  the   s o c k e t .  

The  p l a n a r   m o d u l a r   u n i t   q u a d r i l a t e r a l   s p a c e   f r a m e  

of  t he   i n v e n t i o n   may  i n c l u d e   f r a m e   u n i t s   h a v i n g   l o a d  

l i m i t i n g   d e v i c e s   a t   t h e   ends   of  t h e i r   c h o r d s .   H o w e v e r ,  

a  s p a c e   f r a m e   made  up  of  s u c h   f r a m e   u n i t s   n e e d   n o t  

i n c l u d e   any  w i t h   l o a d   l i m i t i n g   d e v i c e s   i f   t h e   c h o r d s  

a r e   u n l i k e l y   to  be  c r i t i c a l l y   l o a d e d .   In  a  m o r e  

h e a v i l y   l o a d e d   s p a c e   f r a m e   t he   d e v i c e s   n e e d   o n l y  

be  i n c l u d e d   in  t he   mos t   h e a v i l y   l o a d e d   f r a m e   u n i t s ,  

i . e .   t he   c e n t r a l   f r a m e   u n i t s   of  a  p e r i p h e r a l l y   s u p -  

p o r t e d   s p a c e   f r a m e .  

To  h e l p   u n d e r s t a n d i n g   of  the  i n v e n t i o n   v a r i o u s  

s p e c i f i c   e m b o d i m e n t s   t h e r e o f   w i l l   no t   be  d e s c r i b e d  

w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s   in  w h i c h :  

F i g u r e   1  is  a  p e r s p e c t i v e   d i a g r a m m a t i c   v i e w   o f  

a  p o r t i o n   of  a  p l a n a r   m o d u l a r   u n i t   q u a d r i l a t e r a l  

s p a c e   f r a m e   of  t he   i n v e n t i o n :  

F i g u r e   2  is   a  d i a g r a m m a t i c   p l a n   v i e w   of  t h e  

s p a c e   f r a m e   of  F i g u r e   1 ;  



F i g u r e   3  i s   a  d i a g r a m m a t i c   c r o s s - s e c t i o n   o n  

t h e   l i n e   I I I - I I I   of  F i g u r e   2 ;  

F i g u r e   4  is   a  s i d e   v i e w   of  a  ma in   f r a m e   u n i t   o f  

t h e   i n v e n t i o n   in  i t s   i n s t a l l e d   o r i e n t a t i o n ;  

F i g u r e   5  i s   a  s i m i l a r   v i e w   to  F i g u r e   4  of  a  

h a l f   f r a m e   u n i t ;  

F i g u r e   6  i s   a  s c r a p   v i e w   of  a  t y p i c a l   t i e   b a r  

i n t e r c o n n e c t i o n   member   of  a  f r a m e   u n i t ;  

F i g u r e  7   is   a  s c r a p   s i d e   v i ew   s h o w i n g   c o n n e c -  

t i o n   d e t a i l s   of  t h e   c h o r d s   of  t h r e e   m a i n   f r a m e   u n i t s ;  

F i g u r e   8  is  a  p l a n   v i e w   of  t h e   d e t a i l s   o f  

F i g u r e   7 ;  

F i g u r e   9  i s   a  p e r s p e c t i v e   d i a g r a m m a t i c   v i e w   o f  

a  p o r t i o n   of  p l a n a r   m o d u l a r   u n i t   q u a d r i l a t e r a l   s p a c e  

f r a m e   c o n s t r u c t e d   w i t h   m a i n   f r a m e   u n i t s   and  d o u b l e  

f r a m e   u n i t s ;  

F i g u r e   10  is   a  v i e w   s i m i l a r   to  t he   F i g u r e   9 

of  a  s p a c e   f r a m e   c o n s t r u c t e d   w i t h   d o u b l e   f r a m e   u n i t s ;  

F i g u r e   11  i s   a  p l a n   c r o s s - s e c t i o n a l   v i ew   o f  

a  l o a d   l i m i t i n g   d e v i c e   a t   t he   end  of  a  c h o r d   of  a  

m o d u l a r   f r a m e   u n i t ;  

F i g u r e   12  is   a  c r o s s - s e c t i o n   on  the   l i n e   X-X 

of  F i g u r e   11;  a n d  

F i g u r e   13  is   a  v i e w   s i m i l a r   to  F i g u r e   11 

of  a n o t h e r   l o a d   l i m i t i n g   d e v i c e .  

The  s p a c e   f r a m e   p o r t i o n   shown  in  F i g u r e   1  i s  

t h e   b o t t o m   l e f t   h a r d   p o r t i o n   of  F i g u r e   2.  M a i n  

f r a m e   u n i t s   1  shown  in  F i g u r e   1  i n c l u d e   f i v e   b a s i c   u n i t s   l a ,  



l b ,   1c  1d,  1e  w h i c h   a r e   shown  c r o s s - h a t c h e d   f o r  

c l a r i t y .   H a l f   f r a m e   u n i t s   2  a r e   shown  in  F i g u r e   1  i n  

b o l d   l i n e s   w h i l s t   t h e   o t h e r   ma in   f r a m e   u n i t s   a r e   m e r e l y  

shown  in   o u t - l i n e .   The  s u p p o r t   c o l u m n  3   a t   t h e  

b o t t o m   l e f t   hand   c o r n e r   4  of  F i g u r e   2  i s   o m i t t e d   f r o m  

F i g u r e   1 .  

The  f i r s t   ma in   f r a m e   u n i t   la  of  t h e   b a s i c   f i v e  

u n i t s   h a s   two  o t h e r   ma in   f r a m e   u n i t s   Ib ,   l c   c o n n e c t e d  

to  i t   and  e x t e n d i n g   a t   r i g h t   a n g l e s   f rom  i t   on  e i t h e r  

s i d e   a t  i t s   m i d - p o i n t ,   d e t a i l s   of  t h e   c o n n e c t i o n   b e t -  

ween  t h e   u n i t s   a r e   e x p l a i n e d   b e l o w .   Two  f u r t h e r   m a i n  

f r a m e   u n i t s   l d ,   1e  e x t e n d   a t   r i g h t   a n g l e s   a c r o s s  

e i t h e r   end  of  t he   f i r s t   ma in   f r a m e   u n i t   la   w h i c h   i s  

c o n n e c t e d   to  t h e   f u r t h e r   u n i t s   a t   t h e i r   m i d - p o i n t s .  

A n o t h e r   m a i n   f r a m e   u n i t   l f   is   c o n n e c t e d   a c r o s s   t h e  

end  of  u n i t   1b  o p p o s i t e   f rom  u n i t   1a.  U n i t s   l e   a n d  

I f   e x t e n d   in  t he   l e f t   hand   and  b o t t o m   ( i n   F i g u r e   2 )  

ends   of  t he   spa.ce  f r a m e .   H a l f   f r a m e   u n i t   2a  e x t e n d s  

f rom  t h e   end  of  t h e   u n i t   I f   a t   the   c o r n e r   4  to  t h e  

u n i t   l e ,   w h i l s t   a  s e c o n d   h a l f   f r a m e   u n i t   2b  e x t e n d s  

in  f rom  t h e   j u n c t i o n   of  u n i t s   2a  and  1e  to  t he   m i d -  

p o i n t   of  u n i t   l b .   S i m i l a r l y   h a l f   f r a m e   u n i t s   2c,  2 d  

e x t e n d   in   f rom  t h e   ends   of  t h e   s p a c e   f r a m e   a t   t h e   e n d s  

of  t h e   u n i t s   l e ,   l f   r e m o t e   f rom  the   c o r n e r   4.  T h e  

s p a c e   f r a m e   can   be  s e e n   to  be  c o m p l e t e d   by  more  m a i n  

f r a m e   u n i t s   c o n n e c t e d   in  l i k e   m a n n e r   w i t h   h a l f   f r a m e  

u n i t s   as  a p p r o p r i a t e   a t  t h e   e n d s .  

From  F i g u r e   3,  e a c h   of  t h e   ma in   f r a m e   u n i t s   c a n  

be  s e e n   to  c o n s i s t   of  an  u p p e r ,   d e c k - e d g e ,   c h o r d   7 .  

Such  c h o r d s   a r e   t he   e d g e s   of  t h e   u n i t s   w h i c h   fo rm  t h e  



d e c k   of  t he   s p a c e   f r a m e   in  a  s q u a r e   g r i d  -   t he   s i d e s   o f  

t he   s q u a r e s   b e i n g   one  h a l f   t he   l e n g t h   of  t he   c h o r d s .   I n  

t h e   s p a c e   f r a m e   of  F i g u r e   2,  w h i c h   is   s u p p o r t e d   p e r i -  

p h e r a l l y   by  t he   e i g h t   s u p p o r t   c o l u m n s   3  t he   c h o r d s ,  

b e i n g   u p p e r - m o s t ,   a r e   in  c o m p r e s s i o n .   Each  na i r ,   f r a m e  

has   a  p a i r   of  e q u a l   l e n g t h   D r a c e s   8  e x t e n d i n g   down  t o  

an  a p e x   f rom  t h e   ends   of  t h e   c h o r d .   A  p o s t   9  e x t e n d s  

down  f rom  t he   m i d - p o i n t   of  t h e   c h o r d   a l s o   to  the   a p e x .  

At  t h e   a p e x ,   a  t i e   b a r   i n t e r c o n n e c t i o n   b o s s   10  is  p r e -  

v i d e d   f rom  w h i c h   f o u r   t i e   b a r s   11  r a d i a t e  t o   t he   b o s s e s  

of  a d j a c e n t   f r a m e   u n i t s .   Two  t i e   b a r s   r a d i a t e   in  l i n e  

w i t h   t h e   c h o r d   of  t h e   f i r s t   u n i t   in  q u e s t i o n   one  in  o n e  

d i r e c t i o n   and  one  in   t h e   o t h e r .   The  o t h e r   two  t i e  

b a r s   r a d i a t e   in   l i n e   w i t h   t he   o t h e r   two  u n i t s   c o n n e c t e d  

to  t h e   m i d - p o i n t   of  t h e   f i r s t   u n i t .   Thus  t he   t i e   b a r s  

form  a  s q u a r e   g r i d   in  l i n e   w i t h   t h a t   f o r m e d   by  t h e  

c h o r d s   as  may  be  s e e n   in   F i g u r e   1  w h e r e   t he   t i e   b a r s  

a r e   shown  as  c h a i n   d o t t e d   l i n e s ;   t h a t   is   to  say  t h e  

g r i d   f o r m e d   b y  t h e   c h o r d s   and  t h e   g r i d s   f o r m e d   by  t h e  

t i e   b a r s   a r e   in  r e g i s t e r .  

F i g u r e   4  shows  one  m a i n   f r a m e   u n i t   in  g r e a t e r  

d e t a i l .   The  c h o r d  7   i s   of  s q u a r e   s e c t i o n   s t e e l   t u b e  

h a v i n g   p l a t e s   12  w e l d e d   a c r o s s   i t s   e n d s ;   t h e s e   p l a t e s  

c o n s t i t u t e  e n d   c o n n e c t i o n   m e a n s .   Each   p l a t e   e x t e n d s  

l a t e r a l l y   on  e i t h e r   s i d e   of  t he   c h o r d   to  a c c o m m o d a t e  

b o l t   h o l e s   t h r o u g h   w h i c h   c o n n e c t i o n   b o l t s   13  can  c o n -  

n e c t   t he   u n i t   to  the   n e x t   two  u n i t s   as  shown  in  F i g u r e s  

7  and  8,  w i t h   t he   p l a t e   a b u t t i n g   a g a i n s t   the   s i d e   o f  

the   f i r s t   of  t h e s e   m idway   a l o n g   i t s   l e n g t h .   At  t h i s  

p o s i t i o n   e a c h   ma in   f r a m e   u n i t   is  p r o v i d e d   w i t h   w e l d e d  



in  s l e e v e s   14  f o r   r e i n f o r c e m e n t   w h e r e   t he   b o l t s   13  p a s s  

t h r o u g h ,   t he   s l e e v e s   c o n s t i t u t e   s i d e   c o n n e c t i o n   m e a n s .  

B e l o w   and  b e t w e e n   t he   s l e e v e s ,   t h e   s o l i d   s t e e l  

p o s t   9  i s   w e l d e d   to  t he   c h o r d   7.  To  t he   f o o t   of  t h e  

p o s t   i s   w e l d e d   the   b o s s   10,  w h i c h   as  shown  is   a  b o s s  

or  j u n c t i o n   s i m i l a r   to  t h a t   d e s c r i b e d   and  c l a i m e d   i n  

my  P a t e n t   No.  1 , 4 6 4 ,   777.   The  b o s s   has   f o u r   s t u d s   15  

to  w h i c h   t he   t i c   b a r s   a r e   c o n n e c t e d   by  c o n n e c t o r s   1 6 .  

Two  of  t he   s t u d s   r a d i a t e   o p p o s i t e l y   f rom  t h e  

b o s s   in  l i n e   w i t h   t he   c h o r d   and  two  r a d i a t e   o p p o s i t e l y  

a t   r i g h t   a n g l e s   to  t he   c h o r d .   I m m e d i a t e l y   a b o v e   t h e  

f i r s t   two  s t u d s ,   o b l i q u e   f l a t s   17  a r e   p r o v i d e d   on  t h e  

b o s s .   The  two  o p p o s i t e   s o l i d   s t e e l   d i a g o n a l   b r a c e s  

8  a r e   w e l d e d   to  t he   f l a t s   17  and  e x t e n d   d i a g o n a l l y   u p  

to  t h e   ends   of  t he   c h o r d   w h e r e   t h e y   a r e   w e l d e d   to  i t s  

u n d e r s i d e   in  c o r n e r s   f o r m e d   by  l o w e r   e x t e n s i o n s   o f  

t h e   a b u t m e n t   p l a t e s   1 2 .  

F i g u r e   5  shows  one  h a l f   f r a m e   u n i t   w h i c h   i s  

i d e n t i c a l   to  t he   main   f r a m e   u n i t   of  F i g u r e   4  s a v e   t h a t  

a)  i t s   c h o r d   t e r m i n a t e s   a t   one  end  a d j a c e n t   t h e   u p p e r  

end  of  t he   p o s t ,   t h i s   end  b e i n g   p l a t e d   w i t h   a  p l a t e  

s i m i l a r   to  p l a t e s   10,  b)  i t   ha s   o n l y   one  d i a g o n a l  

b r a c e ,   and  c)  i t   may  h a v e   o n l y   t h r e e   s t u d s .  

F i g u r e   6  shows  one  m a n n e r   of  p r o v i d i n g   s u p p o r t  

f o r   a  f r a m e   u n i t   v i a   a  p l a t e   18  w e l d e d   by  c r u c i f o r m  

f i l l e t s   19  u n d e r n e a t h   the   b o s s   1 0 .  

F i g u r e s   9  and  10  show  s p a c e   f r a m e s   u t i l i z i n g  

a l t e r n a t i v e   e x t e n d e d   f r a m e   u n i t s   30.  As  shown  t h e s e  

a r e   d o u b l e   t he   l e n g t h   of  t he   ma in   f r a m e   u n i t s   and  a s  

s u c h   a r e   known  as  d o u b l e   f r a m e   u n i t s .   Even  l o n g e r  



f r a m e   u n i t s   c o u l d   be  u s e d   w i t h   a d d i t i o n a l   t r i a n g u l a t i o n  

b r a c e s .   Such   l o n g e r   f r a m e   u n i t s   c o u l d   h a v e   p o s t s   e v e n -  

ly  s p a c e d   a l o n g   t h e i r   l e n g t h   to  p r o d u c e   a  s p a c e   f r a m e  

h a v i n g   a  g r i d   s i z e   l e s s   t h a n   h a l f   t he   l e n g t h   of  t he   u n i t s  

or  a  s i n g l e   p o s t   to  p r o v i d e  a   s p a c e   f r a m e   s i m i l a r   to  t h a t  

shown  in  F i g u r e   10.  The  d o u b l e   f r a m e s   have   an  e l o n g a t e  

t i e   b a r   i n t e r c o n n e c t i o n   member   in   t h e   form  of  a  r e c t a n -  

g u l a r   t u b u l a r   s t e e l   l o w e r   c h o r d   31.  At  t he   l o w e r   e n d  

of  t he   p o s t   t h e   l o w e r   c h o r d   has   s c r e w e d   s t u d s   w e l d e d   i n  

and  e x t e n d i n g   t h r o u g h   l a t e r a l l y   f o r   c o n n e c t i o n   of  t h e  

l a t e r a l l y   e x t e n d i n g   t i e   b a r s .   At  t he   end  of  t he   l o w e r  

c h o r d   f u r t h e r   s c r e w e d   s t u d s   a r e   w e l d e d   f o r   c o n n e c t i o n  

of  a x i a l l y   e x t e n d i n g   t i e   b a r s .  

Main  f r a m e   u n i t s   a r e   u s e d   in   c o n j u n c t i o n   w i t h  

d o u b l e   f r a m e   u n i t s   in  t h e   F i g u r e   9  s p a c e   f r a m e   to  p r o -  

duce   a  r e c t a n g u l a r   g r i d .   The  m a i n   f r a m e   u n i t s   e x t e n d  

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

e x t e n d   in   t h e   o t h e r .   In  F i g u r e   10,  d o u b l e   f r a m e   u n i t s  

e x t e n d   in   b o t h   d i r e c t i o n s .   T h i s   f i g u r e   c l e a r l y   s h o w s  

an  a d v a n t a g e   of  d o u b l e   f r a m e   u n i t s ,   n a m e l y   t h a t   a t   a n y  

p o s t   t i e   b a r   c o n n e c t i o n   is  s i m p l i f i e d   w i t h   o n l y   two  t i e  

b a r s   11  r e q u i r i n g   c o n n e c t i o n .  

The  l o a d   l i m i t i n g   d e v i c e   shown  in  F i g u r e s   11  a n d  

12  has   a  s c r e w - t h r e a d e d   p l u g   20  w e l d e d   to  an  a b u t m e n t  

p l a t e   1 2 .  T h e   p l u g   is   s c r e w e d   i n t o   a  t h r e a d e d   s o c k e t  

21  r e c e i v e d   in  t he   end  of  the   c h o r d   7  w h e r e   i t   is  w e l d -  

ed  in  p o s i t i o n   v i a   a  f l a n g e   22.  A  p l u g   23  a t   t he   i n n e r  

end  of  t he   s o c k e t   s e a l s   t he   c h o r d .   A  s o f t   w a s h e r   24  

s e a l s   t he   d e v i c e .  

In  F i g u r e s   1  and  2,  X  m a r k s   t he   p o s i t i o n   o f  

l o a d   l i m i t i n g   d e v i c e s   a t   t he   e n d s   of  v a r i o u s   c h o r d s   i n  



t h e   m o s t   h i g h l y   l o a d e d   f r a m e   u n i t s .   T h e s e   u n i t s   a r e  

t h o s e   a t   t he   c e n t r e   of  t h e   s p a c e   f r a m e .   Due  to  b u i l d  

up  of  t o l e r a n c e s   i t   i s   p o s s i b l e   f o r   one  of   t h e   c h o r d s  

h a v i n g   a  l o a d   l i m i t i n g   d e v i c e   to  be  c a r r y i n g   s u b s t a n t i -  

i a l l y   more   c o m p r e s s i o n   l o a d   t h a n   o t h e r s .   S h o u l d   t h i s  

c h o r d   become   c r i t i c a l l y   l o a d e d   i t s   l o a d   l i m i t i n g   d e v i c e  

w i l l   y i e l d   p l a s t i c a l l y   by  t h r e a d   b h e a r   r e d i s t r i b u t i n g  

l o a d   to  o t h e r   f r a m e   u n i t s .   S u b s e q u e n t l y   t h e   f r a m e   u n i t  

h a v i n g   t he   f a i l e d   d e v i c e   s h o u l d   be  r e p l a c e d   to   b r i n g   t h e  

s p a c e   f r a m e   b a c k   to  d e s i g n   s t r e n g t h .  

As  shown  t h o s e   c h o r d s   e q u i p p e d   h a v e   l o a d   l i m i t i n g  

d e v i c e s   a t   b o t h   e n d s .   A l t e r n a t i v e l y   t h e   d e v i c e s   c o u l d  

be  p r o v i d e d   a t   one  end  o n l y .  

F i g u r e   13  shows  an  a l t e r n a t i v e   l o a d   l i m i t i n g   d e v i c e  

w h e r e i n   a  p r o v i n g   r i n g   25  i s   p r o v i d e d   b e t w e e n   a  d i a p h g r a m  

p l a t e   26  in   t h e   c h o r d   and   a  b o s s   27  on  t h e   p l u g   20.  O n c e  

t h e   t h r e a d   has   d e f o r m e d   p l a s t i c a l l y ,   t h e   b o s s   l o a d s   t h e  

p r o v i n g   r i n g   to  e n a b l e   t h e   d e v i c e   to  c a r r y   a  t o t a l   l o a d   i n  

e x c e s s   of  t he   p l a s t i c   d e f o r m a t i o n   l o a d .   A  b u f f e r   28  o f  

s o f t   m a t e r i a l   b e t w e e n   t h e   r i n g   and  t h e  b o s s   l o a d s   t h e   r i n g  

p r o g e s s i v e l y .   The  b u f f e r   may  be  of  e x p a n d e d   p o l y s t y r e n e  

or   foam  r u b b e r   f o r   i n s t a n c e .  

The  i n v e n t i o n   i s   n o t   i n t e n d e d   to  be  r e s t r i c t e d   to  t h e  

d e t a i l s   of  t he   a b o v e   d e s c r i b e d   e m b o d i m e n t .   In  p a r t i c u l a r  

d i a g o n a l   members   may  be  f i t t e d   b e t w e e n   s e l e c t e d   u p p e r   c h o r d  

c o n n e c t i o n s   to  s t a b i l i z e   t h e   a s s e m b l e d   f r a m e .   F u r t h e r ,  

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

and  s o l i d   s t e e l   b a r s   f o r   t he   p o s t s   and  b r a c e s   may  be  u s e d .  

F o r   i n s t a n c e ,   w h e r e   a p p r o p r i a t e   r o l l e d   s t e e l   s e c t i o n s   m a y  

be  u s e d .   A l s o ,   f o r   m a i n   f r a m e   u n i t s   and   h a l f   f r a m e   u n i t s ,  

t h e   t i e   b a r   i n t e r c o n n e c t i n g   s o l i d   b o s s   10  may  be  r e p l a c e d  

by  a  f a b r i c a t e d   a r r a n g e m e n t .  



1.  A  p l a n a r   m o d u l a r   u n i t   f o r   a  q u a d r i l a t e r a l   s p a c e  

f r a m e   c o m p r i s i n g   an  e l o n g a t e   d e c k - e d g e   c h o r d ,   a  p o s t  

a t t a c h e d   p e r p e n d i c u l a r l y   a t   one  end  t h e r e o f   to  t h e  

s a i d   c h o r d ,   a  t i e   b a r   i n t e r c o n n e c t i o n   m e m b e r   a t t a c h e d  

to  t h e   o t h e r   end  of  t h e   s a i d   p o s t ,   a t   l e a s t   one  b r a c e  

a t t a c h e d l y   e x t e n d i n g   f rom  an  end  of  t h e   s a i d   c h o r d  

r e m o t e   f r o m   t h e   s a i d   p o s t   to  t he   o t h e r   end  of  t h e  

s a i d   p o s t   o r   to  t he   s a i d   t i e   b a r   i n t e r c o n n e c t i o n  

m e m b e r ,   end  c o n n e c t i o n   means   a t   t he   s a i d   on=  end  o r  

b o t h   e n d s   of  t he   s a i d   c h o r d   and  s i d e   c o n n e c t i o n   m e a n s  

on  t he   s a i d   c h o r d   a d j a c e n t   t he   s a i d   one  end  of   t he   s a i d  

p o s t ,   t h e   s a i d   s i d e   c o n n e c t i o n   means   and   t h e   s a i d   e n d  

c o n n e c t i o n   means   b e i n g   c o m p l e m e n t a r y   w h e r e b y   one  o r  

two  o t h e r   s u c h   u n i t s   c a n   be  c o n n e c t e d   v i a   i t s   o r  

t h e i r   end  c o n n e c t i o n   means   to  t he   s a i d   c h o r d   on  o n e  

or   b o t h   s i d e s   t h e r e o f   r e s p e c t i v e l y ,   t h e   s a i d   t i e   b a r  

i n t e r c o n n e c t i o n   member   b e i n g   a d a p t e d   f o r   i n t e r c c n n e c -  

t i o n   by  t i e   b a r s   w i t h   t h e   t i e   b a r   i n t e r c o n n e c t i o n  

m e m b e r s   of  s u c h   o t h e r   u n i t   or   u n i t s   and  of   any   o t h e r  

s u c h   u n i t   c o n n e c t e d   to  t h e   s a i d   end  c o n n e c t i o n   m e a n s ,  

s u c h   t i e   b a r s   e x t e n d i n g   in  r e g i s t e r   w i t h   t h e   s a i d  

c h o r d   and  t h e   c h o r d s   of  s u c h   o t h e r   u n i t s   c o n n e c t e d  

to  t h e   s a i d   c h o r d .  

2.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   C l a i m   1 

w h e r e i n   t h e   u n i t   i s   a  h a l f   f r a m e   u n i t   h a v i n g   i t s  

p o s t   a t t a c h e d   to  i t s   c h o r d   a t   one  end  of  t h e   c h o r d  

and   h a v i n g   a  s i n g l e   b r a c e .  



3.  A  p l a n a r   m o d u l a r   u n i t   as   c l a i m e d   in   C l a i m   1 

w h e r e i n   t h e   u n i t   i s   a  m a i n   f r a m e   u n i t   h a v i n g   i t s   p o s t  

a t t a c h e d   to  i t s   c h o r d   a t   t he   m i d - p o i n t   of  t h e   c h o r d  

and   h a v i n g   a  p a i r   o f   b r a c e s ,   one  e x t e n d i n g   f rom  o n e  

end  of   t h e   c h o r d   to  t h e   o t h e r   end  of   t h e   p o s t   o r   t h e  

t i e   L a r   i n t e r c o n n e c t i o n   member   and   t h e   o t h e r   e x t e n d i n g  

f r o m   t h e   o t h e r   end  of  t h e   c h o r d   to  t h e   o t h e r   end  o f  

t h e   p o s t   o r   t h e   t i e   b a r   i n t e r c o n n e c t i o n   m e m b e r .  

4.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   C l a i m   1 

w h e r e i n   t h e   u n i t   i s   an  e x t e n d e d   f r a m e   u n i t   h a v i n g   i t s  

e l o n g a t e   t i e   b a r   i n t e r c o n n e c t i o n   member   in   t h e   f o r m  

of   an  e l o n g a t e   s e c o n d   c h o r d   a r r a n g e d   p a r a l l e l   to  i t s  

d e c k - e d g e   c h o r d   and   t h e   s e c o n d   c h o r d   i n t e r m e d i a t e  

t h e i r   r e s p e c t i v e   e n d s ,   h a v i n g   a  p a i r   of   b r a c e s ,   o n e  

e x t e n d i n g   f r o m   one  end  of  t h e   d e c k - e d g e   c h o r d   to  t h e  

c o r r e s p o n d i n g   end  of  t h e   s e c o n d   c h o r d   and   t h e   o t h e r  

e x t e n d i n g   f r o m   t h e   o t h e r   end  of  t h e   d e c k - e d g e   c h o r d   t o  

t h e   o t h e r   end  of   t h e   s e c o n d   c h o r d   and   h a v i n g   f u r t h e r  

b r a c e s   t r i a n g u l a t i n g   t h e   u n i t   b e t w e e n   t h e   e n d s   of  t h e  

s e c o n d   c h o r d   and   one  of  t he   ends   of   t h e   p o s t .  

5.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   C l a i m   2  

o r   C l a i m   3  w h e r e i n   t h e   t i e   b a r   i n t e r c o n n e c t i o n   m e m b e r  

c o m p r i s e s   a  s o l i d   s t e e l   b o s s   to  w h i c h   t h e   p o s t   a n d  

t h e   b r a c e   o r   b r a c e s   a r e   w e l d e d   and  s c r e w e d   s t u d s  

w e l d e d   to  t h e   b o s s   f o r   s c r e w e d   c o n n e c t i o n   to  t h e  

t i e   b a r s .  



6.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   C l a i m   4  

w h e r e i n   t h e   t i e   b a r   i n t e r c o n n e c t i o n   member   c o m p r i s e s  

a  r e c t a n g u l a r   s e c t i o n   s t e e l   t u b e   c o n s t i t u t i n g   t h e  

s e c o n d   c h o r d ,   to  w h i c h   t he   p o s t ,   t he   b r a c e s   a n d  

f u r t h e r   b r a c e s   a r e   w e l d e d ,   a  s c r e w e d   s t u d   w e l d e d   t o  

e a c h   end  of  t h e   s e c o n d   c h o r d   and  a  s c r e w e d   s t u d   e x -  

t e n d i n g   l a t e r a l l y   t h r o u g h   t he   s e c o n d   c h o r d   a d j a c e n t  

t h e   p o s t .  

7.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   a n y  

p r e c e d i n g   c l a i m ,   i n c l u d i n g   a  l o a d   l i m i t i n g   d e v i c e   i n  

t h e   d e c k - e d g e   c h o r d   f o r   l i m i t i n g   t h e   c o m p r e s s i o n   l o a d  

t h e r e i n   to  a  v a l u e   b e l o w   t he   m e m b e r ' s   c r i t i c a l   c o m -  

p r e s s i o n   l o a d ,   t he   l o a d   l i m i t i n g   d e v i c e   b e i n g   s u c h   a s  

to  f a i l   p l a s t i c a l l y   a t   t h i s   v a l u e   of   l o a d .  

8.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   C l a i m   7 

w h e r e i n   t h e   l o a d   l i m i t i n g   d e v i c e   c o m p r i s e s   an  e x -  

t e r n a l l y   s c r e w - t h r e a d e d   p l u g   t h r e a d e d l y   e n g a g e d   in   a n  

i n t e r n a l l y   s c r e w - t h r e a d e d   s o c k e t ,   one  of  t he   p l u g -  

a n d - s o c k e t   b e i n g   a t t a c h e d   to  t h e   c h o r d   and  an  e n d  

t h e r e o f   and  t h e   o t h e r   to  t he   end  c o n n e c t i o n   means   w i t h  

t h e   s c r e w   t h r e a d   of  t he   p l u g - a n d - s o c k e t   b e i n g   a x i a l l y  

a l i g n e d   w i t h   t he   d i r e c t i o n   of  c o m p r e s s i o n   l o a d   a p p l i -  

c a t i o n   to  t he   c h o r d   f rom  t h e   end  c o n n e c t i o n   m e a n s ,  

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

l i m i t i n g   by  t h r e a d   s h e a r .  



9.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   C l a i m   8 

w h e r e i n   t h e   c h o r d   i s   h o l l o w   and  t h e   l o a d   l i m i t i n g  

p l u g - a n d - s o c k e t   a r e   a r r a n g e d   in   t h e   end  of  t h e   c h o r d  

w i t h   t h e   s o c k e t   a t t a c h e d   to  t he   c h o r d ,   and   t h e   e n d  

c o n n e c t i o n   m e a n s   i n c l u d e s   an  a b u t m e n t   p l a t e   a t t a c h e d  

to  t h e   o u t e r   end  of   t h e   p l u g   w i t h   a  gap   b e t w e e n   t h e  

p l a t e   and   t h e   end  of  t h e   c h o r d ,   t h e   a r r a n g e m e n t   b e i n g  

s u c h   t h a t   t h e   gap  d i m i n i s h e s   and  u l t i m a t e l y   t h e   p l a t e  

comes   i n t o   s o l i d   a b u t m e n t   w i t h   t h e   c h o r d   u p o n   c o m p l e t e  

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

10.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   C l a i m   8 

or   C l a i m   9  w h e r e i n   t h e   l o a d   l i m i t i n g   d e v i c e   i n c l u d e s  

a  s p r i n g   a r r a n g e d   to  be  c o m p r e s s e d   when   t h e   s c r e w  

t h r e a d   h a s   p l a s t i c a l l y   d e f o r m e d   to  a  c e r t a i n   e x t e n t .  

11.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   C l a i m   1 0  

w h e r e i n   t h e   s p r i n g   i s   a  p r o v i n g   r i n g   a r r a n g e d   to  b e  

l o a d e d   by  t h e   p l u g   when  i t   ha s   d e f l e c t e d   to  t he   c e r t a i n  

e x t e n t .  

12.  A  p l a n a r   m o d u l a r   u n i t   as  c l a i m e d   in   C l a i m   1 1  

i n c l u d i n g   a  b u f f e r   i n t e r p o s e d   b e t w e e n   t h e   p l u g   and  t h e  

p r o v i n g   r i n g .  
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