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ROVE  D_  _B_A_R_  _  _FO_R_  _PLANAR_  _LA_TT_I_C_E_  _  SJ  R  U_C  J  U  R_E_S_  _WITHOUT 

jyNCTION_KNOTS" 

i m s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   t y p e   b a r ,   f o r  

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

s t r u c t u r e s   w i t h o u t   j u n c t i o n   k n o t s ,   the  s t r u c t u r e s   f o r m e d  

in  t h i s   way  and  a  f a s t e n i n g   d e v i c e   p a r t i c u l a r l y   a d a p t e d  

to  J o i n   s a i d   b a r s   t o g e t h e r   in  such  a  s t r u c t u r e .  

T h r e e - d i m e n s i o n a l   l a t t i c e   s t r u c t u r e s   a re   k n o w n ,  

p a r t i c u l a r l y   for   c o v e r i n g   more  or  l e s s   e x t e n d e d   a r e a s ,  

which  a re   a s s e m b l e d   by  c o n n e c t i n g   t o g e t h e r   m e t a l   r o d s  

or  b a r s   in  v a r i o u s   w a y s ,   b e i n g   r e q u i r e d   in  any  c a s e  

some  k ind   of  c o n n e c t i n g   knot   e l e m e n t s   at  the   j o i n t s ,  

even  in  the  i s t a n c e   of  s i n g l e   or  mu  1  1  i  -  I  ay  e  r  ed  p l a n a r  

t r u s s   s t r u c t u r e s .   In  f a c t ,   the   rods   whose  g e o m e t r i c a l  

axes   e f f e c t i v e l y   c o n v e r g e   in  a  s i n g l e   p o i n t   a re   n e v e r  

d i r e c t l y   j o i n e d   to  each  o t h e r ,   but  it   was  a l w a y s   b e e n  

p r e f e r r e d   to  p r o v i d e   the   m u t u a l   c o n n e c t i o n s   by  m e a n s  
of  an  a u x i l i a r y   e l e m e n t   t h a t   m a t e r i a l i z e s ,   so  to  s p e a k ,  
the  g e o m e t r i c a l   k n o t .   A  number   of  e m b o d i m e n t s   are   known 

for   s a i d   c o n n e c t i n g   knot   e l e m e n t s ,   of  more  or  l e s s  

complex   c o n s t r u c t i o n   d e p e n d i n g   upon  the  t y p e   of  s t r u c t u -  

re  to  be  o b t a i n e d ,   and  in  p a r t i c u l a r   upon  the   n u m b e r  

of  rods   c o n v e r g i n g   t o w a r d s   each  k n o t ,   b u t ,   in  any  c a s e ,  
it   is  n e c e s s a r y   t h a t   in  a d d i t i o n   to  the  r o d s ,   p r o v i s i o n  

is  a l s o   made  for   t h e s e   u s u a l l y   e x p e n s i v e   e l e m e n t s   w h i c h  

r e q u i r e   s k i l l e d   l a b o u r   fo r   the  a s s e m b l y   t h e r e o f .   W h i l e  

t h i s   can  a l l   be  j u s t i f i e d ,   from  a  f i n a n c i a l   p o i n t   o f  

v i e w ,   for   i m p o r t a n t   s t r u c t u r e s ,   d e s i g n e d   to  c o v e r   v e r y  
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. a r g e   s i z e   a r e a s ,   i t   is  not  so  for   l e s s   e x t e n d e d   c e i l -  

i n g s ,   where  i t   would   be  d e s i r a b l e   to  u s e ,   as  the  o n l y  

s t r u c t u r a l   m e m b e r s ,   e x t r u d e d   m a t e r i a l   rods   made  f o r  

i n s t a n c e   from  a l u m i n u m   a l l o y ,   and  the  r e l a t e d   f a s t e n i n g  

l e a n s   . 

I t   is  t h e r e f o r e   an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i -  

de  a  rod  or  bar   of  the   k ind   m e n t i o n e d   a b o v e ,   c h a r a c t e r i z -  

ed  by  s u b s t a n t i a l l y   r a d i a l   f l a n g e s ,   where  the  rod  c a n  

□e  o b t a i n e d   t h r o u g h   a  s i m p l e   e x t r u s i o n   p r o c e s s ,   and  i s  

a d a p t e d   to  be  c o n n e c t e d   to  o t h e r   i d e n t i c a l   rods  a l l  

c o n v e r g i n g ,   at  the   l o n g i t u d i n a l   axes   t h e r e o f ,   t o w a r d s  

a  s i n g l e   g e o m e t r i c a l   c e n t e r   of  a  v i r t u a l   k n o t ,   w i t h o u t  

i n t e r p o s i t i o n   of  c o n n e c t i n g   means  at  the  j o i n t ,   b u t  

on ly   by  means  of  the   m e c h a n i c a l   f a s t e n i n g   of  the  c o n j u -  

g a t e   rod  f l a n g e s ,   o v e r l a p p i n g   each  o t h e r .   Said   m e c h a n i c -  

al  f a s t e n i n g   o b t a i n e d   by  means  of  o r d i n a r y   b o l t s ,   r i v e t s ,  

p i n s   and  so  on,  or  p r e f e r a b l y ,   where  j u s t i f i e d ,   by 

means  of  an  i m p r o v e d   b o l t   p a r t i c u l a r l y   a d a p t e d   to  be  

i n s e r t e d   in  the   n a r r o w   a r e a s   b e t w e e n   s a i d   rod  f l a n g e s ,  

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

The  bar  or  rod  of  the   i n v e n t i o n   is  c h a r a c t e r i z e d   by 

c o m p r i s i n g   at  l e a s t   t h r e e   s u b s t a n t i a l l y   r a d i a l l y   e x t e n d -  

ed  f l a n g e s ,   each  f l a n g e   h a v i n g   a  f i r s t   s u r f a c e   w h i c h  

d e f i n e s   a  p l a n e   b e l o n g i n g   to  a  s h e a f   of  p l a n e s   h a v i n g  

i t s   a x i s   c o i n c i d e n t   w i th   the  l o n g i t u d i n a l   ax i s   of  s a i d  

b a r ,   the  o t h e r   s u r f a c e   or  each  rod  f l a n g e   be ing   o f f s e t  

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

to  the  same  d i r e c t i o n   of  r o t a t i o n   a r o u n d   s a i d   l o n g i t u d i n -  

al  a x i s   or  e l s e ,   on ly   in  t h o s e   c a s e s   where  the  f l a n g e s  

are   an  even  n u m b e r ,   b e i n g   s y m m e t r i c a l l y   a r r a n g e d   r e l a t i -  
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ve  to  a  p l a n e   b i s e c t i n g   a  p a i r   of  o p p o s i t e   a n g l e s   d e f i n -  

ed  by  s a i d   p l a n e s ,   where   t h e s e   a n g l e s   in  any  c a s e ,   a t  

l e a s t   at  the   bar  e n d s ,   a re   such  as  to  a l l o w   for   t h e  

c o u p l i n g   of  rods   h a v i n g   at  l e a s t   the   same  number   o f  

f l a n g e s   wi th   the   same  a n g l e s ,   by  means  of  o v e r l a p p i n g  

in  a  p o s i t i o n   of  p l a n a r   c o i n c i d e n c e   r e l a t i o n s h i p   o f  

the   f l a n g e s   c o r r e s p o n d i n g   to  c o n j u g a t e   c o n n e c t i n g   p l a n e s .  

A c c o r d i n g   to  a  p r e f e r r e d   e m b o d i m e n t   t h e r e o f ,   t h e  

bar  of  the   i n v e n t i o n   is  p r o v i d e d   wi th   f o u r   X - s h a p e d  

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

each  o t h e r   an  a n g l e   <p  and  the  s u p p l e m e n t a l   t h e r e o f ,  

r e s p e c t i v e l y ,   where   the   a n g l e   v a l u e   is  g i v e n   by  tg  q>  = 

- c : b ,   wi th   b  and  c  b e i n g   two  of  the  t h r e e   d i r e c t i o n  

c o s i n e s   of  the   l o n g i t u d i n a l   a x i s   of  each  bar   d e s i g n e d  

to  c o n v e r g e   i n t o   the  same  c e n t e r   of  the   j o i n t   or  n o d a l  

poi  nt  . 

S t i l l   a c c o r d i n g   to  t h i s   i n v e n t i o n   when  each  bar  h a s  

at  l e a s t   f o u r   f l a n g e s ,   the   o b v i o u s   d i f f i c u l t y   b e i n g  

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

the  f l a n g e s   of  two  c o n v e r g i n g   r o d s ,   due  to  the   n a r r o w  

room  a v a i l a b l e ,   is  s o l v e d   by  u s i n g   an  e x p a n s i o n   h e a d  

b o l t   which  is  t i g h t e n e d   at  the  nut  s i d e ,   c h a r a c t e r i z e d  

by  an  e x p a n s i o n   head  h a v i n g   a  h e l i c a l   s p r i n g   h o u s e d  

w i t h i n   a  s u i t a b l e   s e a t   a r o u n d   the  b o l t   shank   and  h e l d  

i n t o   p o s i t i o n   by  a  w a s h e r   which  can  s l i d e   a r o u n d   t h e  

shank  to  a  p o s i t i o n   where   i t   c o n t a c t s   a  t i g h t e n i n g   n u t  

t h r e a d a b l e   on to   s a i d   s h a n k .  

O t h e r   o b j e c t s ,   a d v a n t a g e s   and  f e a t u r e s   of  the   b a r  

a c c o r d i n g   to  t h i s   i n v e n t i o n ,   of  the   b o l t   p a r t i c u l a r l y  

a d a p t e d   for   the  a s s e m b l y   t h e r e o f ,   and  of  t he   c o r r e s p o n d -  

ing  s t r u c t u r e   p r o v i d e d   t h e r e b y ,   w i l l   be  a p p a r e n t   t o  
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ose  s k i l l e d   in  the   a r t ,   from  the  f o l l o w i n g   d e s c r i p t i o n  

some  m e b o d i m e n t s ,   g i v e n   as  n o n - l i m i t i n g   e x a m p l e s  

th  r e f e r e n c e   to  t he   a t t a c h e d   d r a w i n g s ,   in  w h i c h :  

F I G U R E S _ l _ a n d _ l a   show  a  p e r s p e c t i v e   view  of  a  s q u a r e  

,oped  p a t t e r n ,   si  ng  l e -   l a y e r e d   t r u s s   s t r u c t u r e   in  a 

i n e r a l   s c h e m a t i c   v i e w ,   and  of  a  s e c t i o n   of  the   s ame  

t r u c t u r e   h a t c h e d   in  F i g .   1  and  shown  in  a  l a r g e r   s c a l e ,  

e s p e c t i   v e l y ;  

LIAURE.S . .2 . . and„2a   a re   g e o m e t r i c a l   r e p r e s e n t a t i o n s   o f  

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

ig .   1,  and  of  the   d i a g o n a l   rods   c o n v e r g i n g   t o w a r d s   a 

o i n t   t a k e n   as  the  o r i g i n   of  t h r e e   c o o r d i n a t e   a x e s ,  

e s p e c t i   ve  Ly; 

L L S i l f L E J - A a - . a ' l d . I b   are   two  s c h e m a t i c   v iews   of  a  b a r  

, c c o r d i n g   to  t h i s   i n v e n t i o n ,   to  show  two  d i f f e r e n t  

i n s t r u c t i o n   a p p r o a c h e s   t h e r e o f ;  

LLG_U3J_S__^--a-nA_^§  show  3  P e r s p e c t i v e   view  and  a n  

e x p l o d e d   s e c t i o n   in  p o l a r   c o o r d i n a t e s ,   r e s p e c t i v e l y ,  

for  the  c o n n e c t i o n   f o r m e d   by  the  b a r s   a c c o r d i n g   t o  

t h i s   i n v e n t i o n   and  v i s i b l e   in  the  f o r e g r o u n d   for  a 

s t r u c t u r e   a c c o r d i n g   to  F ig .   1  and  1 a ;  

FIGURE  5  shows  a  s c h e m a t i c   view  of  a  b o l t e d   j o i n t  

of  b a r s   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   p a r t i c u l a r l y   o f  

the  k ind  shown  in  the   f o l l o w i n g   F ig .   8,  to  e m p h a s i z e  

the  d e s i g n   and  o p e r a t i o n   of  the  e x p a n s i o n   head  b o l t  

a c c o r d i n g   to  the  i n v e n t i o n ;  

FIGURES  6 _ t o _ 1 3   show  end  v iews   of  s e v e r a l   e m b o d i m e n t s  

of  f o u r - f l a n g e d   b a r s ,   a l l   of  which  can  be  i n s c r i b e d   i n  

a c i r c l e ;  

FIGURES  U__a_n_d_-1^  show  end  v iews   of  tw0  f u r t h e r  

e m b o d i m e n t s   of  the   bar  a c c o r d i n g   to  the  i n v e n t i o n ,  
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t h r e e -   and  s i x - f l a n g e d ;   r e s p e c t i v e l y ;   a n d  

FIGURES_  J  6__and__1  7  show  two  f u r t h e r   e m b o d i m e n t s   o f  

f o u r - f l a n g e d   b a r s   of  the   i n v e n t i o n ,   h a v i n g   p e r i p h e r a l  

s q u a r e   s h a p e d   p r o f i l e s ,   c l o s e d   and  o p e n ,   r e s p e c t   i  ve  ly  . 

R e f e r r i n g   now  to  the   d r a w i n g s .   F i g s .   1  and  1a  s h o w  

a  p l a n a r   t h r e e - d i m e n s i o n a l   l a t t i c e   s t r u c t u r e ,   in  p a r t i -  

c u l a r   a  s i n g l e - l a y e r e d   s t r u c t u r e ,   t h a t   can  be  a d v a n t a -  

g e o u s l y   b u i l t   by  f a s t e n i n g   the   b a r s   of  the   i n v e n t i o n  

to  each  o t h e r   w i t h o u t   n o d a l   c o n n e c t i n g   e l e m e n t s   in  t h e  

a r e a s   where  s e v e r a l   b a r s   m e e t ,   which  are   shown  h e r e  

s i m p l y   by  the   l o n g i t u d i n a l   axes   t h e r e o f .   This   k ind   o f  

a  s t r u c t u r e ,   which   c o u l d   of  c o u r s e   c o m p r i s e   two  o r  

more  l a y e r s ,   one  ove r   the   o t h e r ,   i n c l u d e s   a  c e r t a i n  

number   of  s q u a r e   loop  e l e m e n t s   10  a d j a c e n t   to  e a c h  

o t h e r ,   and  f o r m i n g   the   base   of  p y r a m i d a l   e l e m e n t s   3 

whose  apex  is  l o c a t e d   in  a  g e o m e t r i c a l   knot   p o i n t   0 .  

Rods  or  b a r s   1  form  the  s i d e s   and  the  d i a g o n a l s   o f  

loop  e l e m e n t s   10  and  of  p y r a m i d a l   e l e m e n t s   3.  In  t h e  

case   shown  h e r e ,   a  maximum  of  e i g h t   rods   1  can  c o n v e r g e  

t o w a r d s   an  apex  0,  w h i l e   in  the   i n s t a n c e   where  m o r e  

l a y e r s   are   p r o v i d e d   the   rods   can  be  t w e l v e   in  n u m b e r .  

An  e s s e n t i a l   r e q u i r e m e n t   t h a t   has  to  be  met  by  b a r s  

1  a c c o r d i n g   to  t h i s   i n v e n t i o n   is  t h a t   t h e y   must  h a v e  

s u b s t a n t i a l l y   r a d i a l   m e m b e r s ,   or  s u i t a b l y   o r i e n t e d  

" f l a n g e s "   5,  in  o r d e r   to  d e f i n e ,   abou t   the   bar  l o n g i t u d i -  

nal   a x i s ,   such  a n g l e s   as  to  a l l o w   for   an  o v e r l a p p i n g  

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

c o n j u g a t e   f l a n g e s   b e l o n g i n g   to  b a r s   whose  axes   c o n v e r g e  
in  the   same  j o i n t   p o i n t   0  which  is  the   v i r t u a l   c e n t e r  

of  the   knot   o r ,   as  i t   c o u l d   be  b e t t e r   d e f i n e d ,   a  " n o - k n o t  

n o d e " s i n c e   the  same  p o i n t   is  not  m a t e r i a l i z e d   in  t h e  
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s p a c e   as  an  a c t u a l   s t r u c t u r e   e l e m e n t .   The  a n g u l a r   a r r a n -  

gement   of  f l a n g e s   5  of  a  c e r t a i n   bar   1  is  t h e n   r e l a t e d  

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

fo rmed   by  the   same  b a r s   to  each  o t h e r ,   or  b e t t e r   by  

5  the   l o n g i t u d i n a l   axes   t h e r e o f .  

R e f e r r i n g   now  to  F i g s .   2  and  2a  s a i d   c o n c e p t   i s  

b e t t e r   d e s c r i b e d   making   r e f e r e n c e   to  a  p u r e l y   g e o m e t r i c -  

al  r e p r e s e n t a t i o n ,   r e s p e c t i v e l y   of  a  s i n g l e   p y r a m i d a l  

e l e m e n t   3,  t a k e n   out  of  a  s q u a r e   l o o p e d   l a t t i c e   s t r u c t u -  

10  r e ,   as  shown  in  F i g s .   1  and  1a,   and  of  a  node  0'  t a k e n  

as  the  o r i g i n   of  a  se t   of  t h r e e   c o o r d i n a t e   axes   i n  

o r d e r   to  d e t e r m i n e   the  a n g l e   o r i e n t a t i o n   of  a  d i a g o n a l  

rod  h a v i n g   i t s   o r i g i n   in  s a i d   n o d e .   The  s u b j e c t   d i a g o n a l  

rod  is  t h a t   d e s i g n a t e d   V  in  F i g .   2  w h e r e i n   t h e r e   i s  

15  a l s o   shown  the   t h r e e   c o o r d i n a t e   axes   x,  y,  and  z,  t h e n  

r e p r o d u c e d   in  F i g .   2a.  In  the  l a t t e r   f i g u r e   t h e r e   h a s  

been  i n d i c a t e d   w i th   p  a  u n i t a r y   l e n g t h   of  rod  1 ' ,   w h o s e  

c o m p o n e n t s   a l o n g   the  t h r e e   c o o r d i n a t e   axes   are  a,  b ,  

and  c,  r e s p e c t i v e l y ,   wh i l e   the  a n g l e s   t h a t   s a i d   u n i t a r y  

20  l e n g t h   form  w i th   the   t h r e e   c o o r d i n a t e   axes   in  the  p l a n e s  

marked   by  s h a d i n g   r e s p e c t i v e l y   w i th   h o r i z o n t a l   l i n e s ,  

s l o p i n g   l i n e s   and  d o t s   have  been  shown  as  a,  B,  y  .  The 

f o l l o w i n g   e q u a t i o n s   can  be  o b t a i n e d :  

a  =  p  cos  a 

25  b  =  p  cos  B 

c  =  p  cos  7 

t h e r e f o r e   a,  b  and  c  are  t h o s e   q u a n t i t i e s   u s u a l l y  

d e f i n e d   as  the   d i a g o n a l   rod  1'  d i r e c t i o n   c o s i n e s   r e f e r r -  

ed  to  the  t h r e e   c o o r d i n a t e   a x e s ,   two  of  which  c o i n c i d e  

30  wi th   two  b a r s   of  s q u a r e   l o o p e d   e l e m e n t   10,  or  base   o f  

the  p y r a m i d a l   e l e m e n t   3 .  
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I t   has  been  f o u n d   t h a t   the   a n g u l a r   o r i e n t a t i o n   c i  

f l a n g e s   5  of  each   bar  1  has  to  be  a  f u n c t i o n   of  s a i d  

d i r e c t i o n   c o s i n e s   in  o r d e r   to  o b t a i n   a  m u t u a l   p l a n a r  

d i r e c t   f l a n g e   c o n n e c t i o n   in  a  p o i n t   where  the  b a r s  

m e e t .   In  the   f a r   p r e f e r r e d   i n s t a n c e ,   i . e .   t h a t   of  f o u r -  

f l a n g e d   b a r s   h a v i n g   X - a r r a n g e d   f l a n g e s   to  form  s q u a r e  

loop  e l e m e n t s   of  a  p y r a m i d a l   c o n f i g u r a t i o n ,   a n g l e   9 

b e t w e e n   t h e s e   f l a n g e s ,   as  shown  in  F i g s .   3a  and  3b,  i s  

s i m p l y   g i v e n   by  the   f o l l o w i n g   e q u a t i o n :  

tg<p  =  - c  
b 

as  can  be  v e r i f i e d   s t a r t i n g   from  the   e q u a t i o n s   g i v e n  

a b o v e .   In  f a c t ,   once  the  a n g l e   9  has  been  c a l c u l a t e d ,  

the  same  and  the   s u p p l e m e n t   1 8 0 ° - 9   t h e r e o f ,   i d e n t i f y  

two  X - o r i e n t e d   p l a n e s   i n t e r s e c t i n g   a l o n g   the  bar  l o n g i t u -  

d i n a l   a x i s   and  p r o v i d i n g   the  c o n j u g a t e   p l a n e s   w h i c h  

must  be  m u t u a l l y   c o i n c i d e n t   at  the   node  g e o m e t r i c a l  

v i r t u a l   c e n t e r   (or  " n o - k n o t   n o d e " ) .   In  o t h e r   w o r d s ,  

the  l o n g i t u d i n a l   g e o m e t r i c a l   a x i s   of  the   b a r s   is  c o n s i d e r -  

ed  as  the   a x i s   of  a  s h e a f   of  p l a n e s   whose  d i r e c t i o n  

c o s i n e s   c o i n c i d e   wi th   t h o s e   of  the  b a r s ;   among  t h e  

p l a n e s   b e l o n g i n g   to  s a i d   s h e a f   j u s t   t h o s e   c o n j u g a t e  

p l a n e s   are   d e t e r m i n e d ,   as  shown  in  F i g s .   3a  and  3 b ,  

which  p r o v i d e   the   g e o m e t r i c a l   c o u p l i n g   p l a n e s ,   in  p a r t i -  

c u l a r   by  means  of  the   above   e q u a t i o n .   The  c o n t a c t   s u r f a -  

ces  b e t w e e n   two  m a t c h i n g   f l a n g e s   are  d e t e r m i n e d   i n  

t h i s   way,  as  i n d i c a t e d   on  the  d r a w i n g   by  a  t h i c k e r  

d a s h - a n d - d o t   l i n e ,   but  of  c o u r s e   the   f l a n g e s   have  a 

t h i c k n e s s ,   l i m i t e d   on ly   by  the  s i z e   of  m e c h a n i c a l   j u n c t -  

ion  e l e m e n t s   in  a d d i t i o n   to  c o s t   e v a l u a t i o n s   r e l a t e d  

to  the   w e i g h t   of  the   o v e r a l l   s t r u c t u r e .   Due  to  s a i d  

t h i c k n e s s   the  f l a n g e s   c a n n o t   be  d e f i n e d   as  a c t u a l l y  
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r a d i a l   w i th   r e s p e c t   to  the   bar  g e o m e t r i c a l   a x i s   a s ,   i f  

a  s u r f a c e   t h e r e o f   c o i n c i d e s   wi th   one  of  s a i d   p l a n e s ,  

t h i s   is  not  t r u e   for   the   s e c o n d   one  which  w i l l   be  o f f s e t  

from  s a i d   p l a n e ,   for   a l l   the   f l a n g e s   of  a  same  b a r ,   i n  

the   same  d i r e c t i o n ,   c l o c k w i s e   or  c o u n t e r c l o c k w i s e ,  

when  r o t a t i n g   a r o u n d   the   bar   g e o m e t r i c a l   a x i s   as  i t  

is  shown  in  F ig .   3a  ( c o u n t e r c l o c k w i s e   r o t a t i o n ) .   T h i s  

is  the   most  g e n e r a l   way  of  a r r a n g i n g   the   f l a n g e s ,   b u t  

for   f o u r - f l a n g e d   b a r s   a  mi  r  r o r -   i  mage  a r r a n g e m e n t   i s  

a l s o   f e a s a b l e ,   as  i t   is  shown  in  F ig .   3b,   where   t h e  

f l a n g e   a r r a n g e m e n t   is  s y m m e t r i c a l   to  the  a x i s   S-S  b i s e c t -  

ing  two  o p p o s i t e   a n g l e s ,   in  t h i s   case   the  <p  a m p l i t u d e  

ang  les   . 

Based   on  the   f o r e g o i n g ,   the   v a l u e s   of  the   a n g l e s  

d e f i n e d   b e t w e e n   the  f l a n g e   p l a n e s   depend   upon  the  g e o m e -  

t r i c a l   p r o p e r t i e s   of  the   m o d u l a r   l a t t i c e   s t r u c t u r e ,  

and  t h e r e f o r e   t hey   d e p e n d   fo r   i n s t a n c e ,   upon  the  d i f f e r e n t  

h e i g h t   t h a t   is  d e s i r e d   fo r   the  s t r u c t u r a l   l a y e r   o f  

F i g .   1,  s i n c e   the  d i a g o n a l   rod  a n g l e s ,   and  c o n s e q u e n t l y  

the   d i r e c t i o n   c o s i n e s   t h e r e o f ,   are  in  f a c t   a  f u n c t i o n  

of  s a i d   h e i g h t .   In  p a r t i c u l a r ,   ba sed   upon  the   a f o r e m e n t -  

i o n e d   e q u a t i o n   tg<p  =  - c : b   and  for   a  s t r u c t u r e   c o m p o s e d  

of  p y r a m i d a l   l a t t i c e   e l e m e n t s   where  a l l   the   b a r s   h a v e  

the   same  l e n g t h   ( i . e .   d i a g o n a l   rods  of  same  l e n g t h   a s  

t h o s e   f o r m i n g   the  s i d e s   of  each  loop)   the  c a l c u l a t i o n s  

show  t h a t   the   bar  f l a n g e s   form  a l t e r n a t e   a n g l e s   w h o s e  

v a l u e s   are   a p p r o x i m a t e l y   7 0 ° 3 1 ' 4 4 "   and  the   s u p p l e m e n t  

v a l u e   t h e r e o f   i . e .   1 0 9 ° 2 8 ' 1 6 " .  

In  F i g s .   4  and  4a  t h e r e   is  shown  the  m e e t i n g   a r e a ,  

a b o u t   a  n o d a l   p o i n t   0,  of  on ly   the  rods   v i s i b l e   in  t h e  

f o r e g r o u n d   among  the  t w e l v e   t h a t   can  c o n v e r g e   w i t h  
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t h e i r   g e o m e t r i c a l   axes   in  the   p o i n t   0,  of  a  t w o - l a y e r e d  

p y r a m i d a l   l a t t i c e   s t r u c t u r e .   Rods  5  have  been  s h o w n  

he re   as  X - s h a p e d   rods   and  b a r s ,   and  in  F ig .   4  w i t h o u t  

the   c e n t r a l   i n t e r s e c t i o n   a r e a ,   w h e r e b y   t hey   are  c a u s e d  

5  to  be  l i g h t e n e d   w h i l e   of  c o u r s e   an  o u t e r   t u b u l a r   e l e m e n t  

(no t   shown)  is  p r o v i d e d ,   which  e n c i r c l e s   and  r i g i d l y  

r e s t r a i n s   the   f l a n g e s .   In  t h i s   way  the   c o n n e c t i o n   s u r f a -  

ce  and  i t s   e f f i c i e n c y   a re   i n c r e a s e d ,   but  o b v i o u s l y  

o t h e r   d i f f e r e n t   e m b o d i m e n t s   a re   p o s s i b l e   (as  shown  f o r  

10  i n s t a n c e   in  F ig .   4a)  among  t h o s e   h e r e i n a f t e r   d i s c l o s e d  

t a k i n g   i n t o   a c c o u n t   in  p a r t i c u l a r   t h a t   the  bar  c a n  

have  any  d e s i r e d   s h a p e ,   wi th   any  d e s i r e d   f l a n g e   o r i e n t a -  

t i o n ,   p r o v i d e d   t h a t ,   at  l e a s t   at  the   ends  t h e r e o f   d e s i g n -  

ed  for   c o n n e c t i o n   to  o t h e r   b a r s ,   i t s   f l a n g e s   have  t h e  

15  o r i e n t a t i o n   n e c e s s a r y   to  e n s u r e   t h a t   the   f l a n g e s   c a n  

o v e r l a p   at  c o n j u g a t e   c o n n e c t i o n   p l a n e s .   As  it   is  a p p a r e n t  

from  F ig .   4a ,   the   d i a g o n a l   rods   p r o v i d e   the  c o n n e c t i n g  

e l e m e n t   b e t w e e n   the   s t r i n g e r s .  

In  F ig .   4  and  4a  t h e r e   is  a l s o   s c h e m a t i c a l l y   s h o w n  

20  the  f a s t e n i n g   means  7  fo r   m e c h a n i c a l   c o n n e c t i o n   of  t h e  

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

c e n t r e   p o i n t   0,  h a v i n g   on ly   the   f u n c t i o n   of  w i t h s t a n d i n g  

s h e a r   s t r e s s e s .   As  a  c o n s e q u e n c e ,   in  o r d e r   to  s o l v e  

the  p r o b l e m   of  the   l i m i t e d   room  a v a i l a b l e   to  i n s e r t  

25  and  to  t i g h t e n   means  7,  in  p a r t i c u l a r   where  the  a n g l e  

b e t w e e n   the  f l a n g e s   is  l e s s   t h a n   9 0 ° ,   t h i s   i n v e n t i o n  

p r o v i d e s   fo r   use  of  an  e x p a n s i o n   head  t ype   b o l t   w h i c h  

is  d e s c r i b e d   in  the   f o l l o w i n g   r e f e r r i n g   to  F ig .   5 .  

Bol t   11  is  shown  in  a  s i d e   view  o u t s i d e   a  rod  1  h a v i n g  

30  f l a n g e s   5  s h a p e d   as  shown  in  F ig .   4  o r ,   more  c o m p l e t e -  

ly ,   in  F ig .   9,  in  a d d i t i o n   to  a  s e c t i o n a l   view  w h e r e  
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i t   is  shown  t i g h t e n e d   wi th   e x p a n d e d   head  t o r   the  f a s t e n -  

ing  of  two  f l a n g e s   of  two  s e p a r a t e   a s s o c i a t e d   b a r s .   I n  

f a c t   i t   is  a p p a r e n t   t h a t   i n s e r t i o n   of  a  n o r m a l   s c r e w  

h a v i n g   a  head  i n t e g r a l   wi th   the   s h a n k ,   and  t i g h t e n i n g  

t h e r e o f   by  means  of  a  n u t ,   would  p rove   to  be  ve ry   d i f f i -  

c u l t ,   if  not  i m p o s s i b l e ,   a l s o   b e c a u s e   s c r e w i n g   o p e r a t i o n s  

on  a  s t r u c t u r e   made  up  of  b a r s   a c c o r d i n g   to  the  i n v e n t i o n  

have  n e c e s s a r i l y   to  be  p e r f o r m e d   s i d e w a y s   of  the   s c r e w .  

R e f e r r i n g   -now  to  F i g .   5,  an  e x p a n s i o n   head  b o l t   11 

which   a d v a n t a g e o u s l y   e m b o d i e s   a  f a s t e n i n g   d e v i c e   7 ,  

a c c o r d i n g   to  the  i n v e n t i o n   c o m p r i s e s   a  p a r t i a l l y   t h r e a d -  

ed  shank   21  p r o v i d e d   wi th   a  c e n t r a l   t h r o u g h   b o r e ,   a 

c y l i n d r i c a l   pin  23  b e i n g   h o u s e d   in  s a i d   t h r o u g h   b o r e  

and  h a v i n g   an  end  t h e r e o f   s h a p e d   as  a  s q u a r e   t ang   2 3 a ,  

w h i l e   the   o t h e r   end  is  s h a p e d   as  a  c o n i c a l   d i s c   2 5 .  

Both  ends  23a  and  25  p r o j e c t   from  shank  21  and  pin  23 

is  made  i n t e g r a l   t h e r e w i t h   by  means  of  a  s u i t a b l e   b o n d -  

ing  a d h e s i v e .   The  s i z e   of  the  maximum  d i a m e t e r   s e c t i o n  

of  pin  c o n i c a l   head  25  is  e q u a l ,   and  in  any  case   no 

l a r g e r   t han   the  o u t e r   d i a m e t e r   of  shank  21,  in  o r d e r  

to  d e f i n e ,   t o g e t h e r   wi th   the   a s s o c i a t e   end  of  s h a n k  

21,   a  c a v i t y   a d a p t e d   to  p r o v i d e   a  s e a t   for   h e l i c a l  

s p r i n g   20  whose  i n n e r   end  is  a t t a c h e d   to  pin  23,  s a i d  

s p r i n g   b e i n g   n o r m a l l y   he ld   i n t o   p o s i t i o n   by  a  w a s h e r  

27  whose  i n n e r   d i a m e t e r   c o r r e s p o n d s ,   i r r e s p e c t i v e   o f  

a  s m a l l   c l e a r a n c e ,   to  the  o u t e r   d i a m e t e r   of  shank  2 1 .  

At  the  o p p o s i t e ,   o u t e r l y   t h r e a d e d   end  of  the  s h a n k ,   i n  

the   p r o x i m i t y   of  t a n g   23a  a  t i g h t e n i n g   nut  29  is  s c r e w e d .  

T h e r e b y   the  b o l t   11  can  be  i n s e r t e d   and  t i g h t e n e d  

in  any  case   o p e r a t i n g   from  the  same  s i d e ,   i . e .   t h e  

s i d e   of  t ang   23a ,   no  o p e r a t i o n   b e i n g   n e c e s s a r y   on  t h e  
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o t h e r   s i d e   of  the   b o l t e d   c o n n e c t i o n ,   t h a t   s i d e   h a v i n g  

been  c h o s e n   t h a t   a f f o r d s   more  room  a v a i l a b l e ,   i . e .   a 

L a r g e r   a n g u l a r   o p e n i n g ,   as  i t   is  a p p a r e n t   from  F i g .   5 .  

F i r s t ,   s h a n k   21  c a r r y i n g   the   pin  i n t e g r a l   t h e r e w i t h   i s  

i n s e r t e d   in  the   a p e r t u r e   p r o v i d e d   on  the  f l a n g e s   to  b e  

j o i n e d ,   s t a r t i n g   w i th   end  25.  Once  w a s h e r   27,  o b v i o u s l y  

l a r g e r   t h a n   the   t h r o u g h   b o r e ,   has  come  i n t o   c o n t a c t  

wi th   the  f l a n g e s   to  be  j o i n e d ,   t ang   23a  is  c a u s e d   t o  

back  up  by  h i t t i n g   i t   w i th   a  s u i t a b l e   t o o l ,   and  i n  

m e a n t i m e   the   s e a t   of  h e l i c a l   s p r i n g   20  is  r e l e a s e d  

w h e r e a s   the   s p r i n g   is  s t i l l   c o m p r e s s e d   when  p a s s i n g  

t h r o u g h   a p e r t u r e   of  f l a n g e s   5,  and  e v e n t u a l l y   e x p a n d s  

coming  out  of  the   o p p o s i t e   s i d e ,   u n t i l   i t   t a k e s   t h e  

form  of  open  head  as  shown  in  c r o s s - s e c t i o n   in  F ig .   5 .  

To  make  the   d i s e n g a g e m e n t   of  s p r i n g   20  from  w a s h e r   27 

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

T h e r e a f t e r   t i g h t e n i n g   is  p e r f o r m e d   by  k e e p i n g   the  s h a n k  

s t a t i o n a r y   t h r o u g h   pin  t a n g   23a  and  s c r e w i n g   at  t h e  

same  t ime  h e x a g o n a l   nut  29  up  u n t i l   the  two  f l a n g e s   t o  

be  j o i n e d   are   t i g h t l y   c l a m p e d   b e t w e e n   the  e x p a n d e d  

head  f o rmed   of  s p r i n g   20,  and  w a s h e r   2 7 .  

It  is  p o s s i b l e   to  d i s a s s e m b l e   the  f l a n g e s   and  t h e r e -  

f o r e   the  s t r u c t u r e ,   e i t h e r   p a r t i a l l y   or  c o m p l e t e l y ,  

by  h o l d i n g   wi th   a  s u i t a b l e   hooked   t o o l   the   h e l i c a l  

s p r i n g   head  w h e r e b y   i t   is  made  to  c o i l   up  on  i t s e l f  

w h i l e   the  pin  is  r o t a t e d   t h r o u g h   t ang   23a .   The  s h a n k  

is  t hen   t a k e n   out  by  h i t t i n g   it   at  end  25,  fo r   i n s t a n c e  

by  means  of  the   same  hooked   t o o l   which  can  be  i n s e r t e d  

in  a  n a r r o w   s p a c e ,   or  r e m o v i n g   the  same  by  means  o f  

the  t ang   as  w e l l .  

R e f e r r i n g   now  to  F i g s .   6  to  13,  some  e x a m p l e s   o f  
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four   f l a n g e d   rod  c r o s s - s e c t i o n s   are  shown,   a l l   of  w h i c h  

can  be  c i r c u m s c r i b e d   in  a  c i r c l e ,   among  them  t h o s e   o f  

F i g s .   6,  7  and  8  h a v i n g   a  c o n t i n u o u s   open  X - s h a p e ,  

which  in  F i g s .   7  and  8  is  p r o v i d e d   wi th   d e p e n d e n t   p e r i -  

5  p h e r a l   e l e m e n t s .   F i g s .   9  and  10  show  two  a d d i t i o n a l  

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

h a v i n g   i n n e r   or  o u t e r   f l a n g e s ;   i . e .   c o n v e r g i n g   f r o m  

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

the  p e r i p h e r y ,   r e s p e c t i v e l y .   Whi le   the  e x e m p l a r y   e m b o d i -  

10  ment  of  F i g .   6  has  a l r e a d y   been  shown  in  F ig .   4a ,   t h e  

one  of  F i g .   9  has  a l r e a d y   been  shown  in  F i g s .   4  and  5 ,  

and  in  p a r t i c u l a r   in  F ig .   4  w i t h o u t   the  t u b u l a r   p e r i p h e r -  

al  p a r t ,   a l s o   b e c a u s e   in  t h i s   c a s e ,   as  u s u a l   when  d e a l -  

ing  wi th   c l o s e d   p r o f i l e s ,   or  w i th   open  c r o s s - s e c t i o n  

15  with  p e r i p h e r a l   e l e m e n t s ,   the   c r o s s i n g   nea r   the  j o i n t  

nodes   is  o b t a i n e d   by  r e m o v i n g   the  p e r i p h e r a l   p o r t i o n s .  

All  of  t h e s e   d i f f e r e n t   a v a i l a b l e   s h a p e s   of  the   b a r  

c r o s s - s e c t i o n s   are  a d v a n t a g e o u s l y   o b t a i n e d   s i m p l y   by  

e x t r u s i o n   fo r   i n s t a n c e   from  a l u m i n i u m   a l l o y s ,   as  w e l l  

20  as  the  e m b o d i m e n t s   of  F ig .   12  s h o w i n g   a  v a r i a t i o n   o f  

F ig .   6,  whe re   two  o p p o s i t e   c l o s e d   p e r i p h e r a l   e l e m e n t s  

are  p r o v i d e d ,   and  of  F ig .   13  which  can  be  c o n s i d e r e d  

in  t u r n   a  v a r i a t i o n   of  F ig .   12,  where  two  f l a n g e s   on 

the  same  r a d i a l   p l a n e   are  cut  in  the  c e n t r a l   a r e a .  

25  The  e m b o d i m e n t   of  F ig .   11  is  r a t h e r   d i f f e r e n t ,   b u t  

a lways   in  a c c o r d a n c e   wi th   the  r e q u i r e m e n t s   of  the   i n v e n -  

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

l o c a l   f l a n g e s ,   on ly   at  each  rod  end ,   w h e r e i n   the   f l a n g e s  

are  f o r m e d   fo r   i n s t a n c e   by  p l a s t i c   d e f o r m a t i o n   of  t h e  

30  t u b e ,   or  by  a d d i t i o n   of  m a t e r i a l .   On  the  o t h e r   h a n d ,  

as  a l r e a d y   m e n t i o n e d ,   no  m a t t e r   how  the  b a r s   are  o b t a i n -  
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ed,   the   on ly   e s s e n t i a l   and  s u f f i c i e n t   c o n d i t i o n   i s  

t h a t   the   f l a n g e s   have  the  r e q u i r e d   a n g u l a r   o r i e n t a t i o n  

to  a l l o w   fo r   c o u p l i n g ,   wi th   c o n j u g a t e   f l ange*s   of  c o n v e r g -  

ing  r o d s ,   even  t h o u g h   at  the   ends   o n l y ,   fo r   i n s t a n c e  

by  means  of  m a t e r i a l   a d d e d .   I t   is  u n d e r s t o o d   t h a t   w h e r e  

the   n e c e s s a r y   s h a p e   is  p r o v i d e d   at  the  ends   o n l y ,   t h e  

a d v a n t a g e   of  o b t a i n i n g   a  c o n s t a n t   c r o s s - s e c t i o n   bar  by  

means  of  a  s i m p l e   e x t r u s i o n   p r o c e s s   is  l o s t .  

A c c o r d i n g   to  t h i s   i n v e n t i o n   it   is  a l s o   p o s s i b l e   t o  

use  b a r s   h a v i n g   a  d i f f e r e n t   number  of  f l a n g e s   d e p e n d i n g  

upon  the  t  h  r  e  e-d  i  ment  i  ona  I  g e o m e t r y   a d o p t e d .   For  i n s t a n -  

ce  wi th   t h r e e - f l a n g e d   b a r s ,   as  shown  in  F i g .   14,  i t   i s  

p o s s i b l e   to  b u i l d   s t r u c t u r e s   whose  e l e m e n t a r y   m o d u l e  

is  the  t e t r a h e d r o n ,   and  wi th   s i x - f l a n g e d   rods   of  F i g .  

15,  h e x a g o n a l   loop  p l a n a r   s t r u c t u r e s ,   i n s t e a d   of  s q u a r e  

b a s e d - p y r a m i d a l   t r u s s e s   are  o b t a i n e d .   In  the   case   o f  

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

s i n c e   the  s t r u c t u r e   made  of  t h e s e   m o d u l e s   is  t y p i c a l l y  

h y p e r s t a t i c .   In  t h i s   case   an  a d d i t i o n a l   a d v a n t a g e   c o m e s  
from  the  a n g l e   <p  b e t w e e n   the  f l a n g e s   b e i n g   l a r g e r ,  

which  makes  j u n c t i o n s   e a s i e r ,   p o s s i b l y   making   u n n e c e s s a -  

ry  the  use  of  the   a b o v e m e n t   i  oned  e x p a n s i o n   head  b o l t .  

It   is  f i n a l l y   p o s s i b l e   to  use  rods  whose  f l a n g e s  

are   c i r c u m s c r i b e d   i n s i d e   a  p e r i p h e r a l   s q u a r e   e n c l o s u r e  

c o m p l e t e l y   or  p a r t i a l l y   c l o s e d ,   as  i t   is  shown  in  F i g s .  
16  and  17  r e s p e c t i v e l y .  

It  s h o u l d   be  n o t e d   t h a t   the   o u t e r   u p p e r   and  l o w e r  

p l a n e s   can  be  c o m p l e t e d   by  u s i n g   s t u b   s e c t i o n s   of  t h e  

m i s s i n g   d i a g o n a l s ,   or  by  means  of  wings   made  as  l e n g t h s  
of  the  m i s s i n g   d i a g o n a l   rod  f l a n g e s .  

In  such  a  way,  wi th   no  need  for   s t r u c t u r a l   e l e m e n t s  
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o t h e r   t h a n   the   a b o v e m e n t   i  oned  rods  which  are   a v a i l a b l e  

t h r o u g h   e x t r u s i o n ,   s u b j e c t e d   to  the  on ly   c u t t i n g   ( a t  

s i z e   or  in  o r d e r   to  t a k e   away  the  p e r i p h e r a l   e n c l o s u r e s  

at  the   node  a r e a s ) ,   and  d r i l l i n g   o p e r a t i o n s   to  a l l o w  

5  for   b o l t   i n s e r t i o n ,   as  we l l   as  b o l t   t i g h t e n i n g ,   a l s o  

by  h i r i n g   u n s k i l l e d   l a b o u r   i t   is  p o s s i b l e   to  a s s e m b l e  

roof   c o v e r i n g   of  a  f a i r l y   l a r g e   s i z e .   The  p e r i p h e r a l  

c o m p l e m e n t a r y   members   m e n t i o n e d   a b o v e ,   b e s i d e s   f u l f i l l -  

ing  a  s t r u c t u r a l   f u n c t i o n ,   can  a l s o   be  u t i l i z e d   as  a 

10  c o n n e c t i n g   means  fo r   v e r t i c a l   p a n e l s ,   or  h o r i z o n t a l  

p a n e l l i n g   fo r   c o v e r i n g   or  c e i l i n g .  

P o s s i b l e   a d d i t i o n s   a n d / o r   m o d i f i c a t i o n s   can  be  made  

by  t h o s e   s k i l l e d   in  the  a r t   to  the  e m b o d i m e n t s   d e s c r i b e d  

above  of  the   s t r u c t u r a l   bar  a c c o r d i n g   to  the  i n v e n t i o n ,  

15  as  we l l   as  to  the   a b o v e m e n t   i  oned  e x p a n s i o n   head   b o l t ,  

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

c u l a r   d i f f e r e n t   c  r  os  s  - s e   c  t  i  ona  I  s h a p e s   from  t h o s e   s h o w n  

can  be  a d o p t e d ,   p r o v i d e d   t h a t   they   meet  the  r e q u i r e m e n t s  

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

20 
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CLAIMS 

1.  An  i m p r o v e d   bar  for   p l a n a r   t h r e e - d i m e n s i o n a l  

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

l e a s t   t h r e e   s u b s t a n t i a l l y   r a d i a l   f l a n g e s   ( 5 ) ,   e a c h  

h a v i n g   a  f i r s t   s u r f a c e   d e f i n i n g   a  p l a n e   in  a  s h e a f   o f  

p l a n e s   h a v i n g   i t s   a x i s   c o i n c i d e n t   wi th   the  g e o m e t r i c a l  

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

a l l   the  f l a n g e s   of  a  bar  (1)  b e i n g   o f f s e t   from  t h e  

a s s o c i a t e d   p l a n e ,   a l w a y s   d i r e c t e d   to  the  same  d i r e c t i o n  

of  r o t a t i o n   a r o u n d   the  s a i d   l o n g i t u d i n a l   a x i s   o r ,   o n l y  

in  the  case   of  an  even  number   of  f l a n g e s ,   s a i d   o t h e r  

s u r f a c e s   b e i n g   s y m m e t r i c a l l y   a r r a n g e d   r e l a t i v e   to  a 

p l a n e   (S -S)   b i s e c t i n g   a  p a i r   of  o p p o s i t e   a n g l e s   d e f i n e d  

by  s a i d   p l a n e s ,   the   s a i d   a n g l e s   in  any  c a s e ,   at  l e a s t  

at  bar  e n d s ,   b e i n g   such  as  to  a l l o w   for   the   c o u p l i n g  

of  rods   (1)  h a v i n g   at  l e a s t   the   same  number  of  f l a n g e s  

(5)  wi th   the   same  a n g u l a r   o r i e n t a t i o n ,   by  o v e r l a p p i n g  

in  a  p o s i t i o n   of  p l a n a r   c o i n c i d e n c e   r e l a t i o n s h i p   o f  

the  f l a n g e s   r e l a t i n g   to  c o n j u g a t e   c o u p l i n g   p l a n e s .  

2.  The  s t r u c t u r a l   bar  of  c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   the  a n g l e s   (cp)  b e t w e e n   s a i d   f i r s t   s u r f a c e s   of  two  

a d j a c e n t   f l a n g e s   (5)  are  d e p e n d e n t   upon  the  a n g l e s   ( a ,  

&,  -y)  f o rmed   by  the  g e o m e t r i c a l   axes   of  the   b a r s   c o n v e r g -  

ing  i n t o   the  same  n o d a l   p o i n t ,   r e l a t i v e   to  a  s y s t e m   o f  

t h r e e   c o o r d i n a t e   axes   h a v i n g   i t s   o r i g i n   in  the   c e n t e r  

of  s a i d   node  ( 0 ) ,   and  in  p a r t i c u l a r   upon  the   d i r e c t i o n  

c o s i n e s   (a ,   b,  c)  t h e r e o f .  

3.  The  s t r u c t u r a l   bar  a c c o r d i n g   to  c l a im   2,  c h a r a c t e -  

r i z e d   in  t h a t   i t   has  f o u r   X - s h a p e d   f l a n g e s   ( 5 ) ,   w h o s e  

r a d i a l   p l a n e s   r e l a t i v e   to  s a i d   f i r s t   s u r f a c e   d e f i n e  

t h e r e b e t w e e n   an  a n g l e   (cp)  and  i t s   s u p p l e m e n t   a n g l e ,  



0 2 2 5 2 9 9  
r e s p e c t i v e l y ,   the   v a l u e   of  which  r e s u l t i n g   f rom  t h e  

e q u a t i o n :   tgcp  =  -  c : b .  

4  .  The  s t r u c t u r a l   bar   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   in  t h a t   s a i d   f o u r   X - s h a p e d   f l a n g e s   have  a s s o c i a t e d  

t h e r e w i t h   p e r i p h e r a l   e l e m e n t s   t h a t   can  be  i n s c r i b e d   i n  

a  c i r c l e   whose  c e n t e r   l i e s   on  s a i d   L o n g i t u d i n a l   a x i s .  

5.  The  s t r u c t u r a l   bar   a c c o r d i n g   to  c l a i m   4,  w h e r e i n  

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

p r o f i l e   f rom  which  s a i d   f l a n g e s   e x t e n d ,   in  a  s u b s t a n t i a l l y  

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

a x i s ,   w i t h o u t   r e a c h i n g   the   same,   t h e r e   b e i n g   a l s o   p r o v i d -  

ed  t h a t   s a i d   o u t e r   t u b u l a r   e n c l o s u r e   is  m i s s i n g   at  t h e  

j o i n t   n o d e s ,   where   the   b a r s   c o n n e c t   to  each  o t h e r .  

6.  The  s t r u c t u r a l   bar   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   in  t h a t   s a i d   f l a n g e s   e x t e n d   from  a  c e n t r a l   t u b u l a r  

e l e m e n t ,   c o - a x i a l   w i th   s a i d   g e o m e t r i c a l   l o n g i t u d i n a l  

a x i s   of  s a i d   b a r .  

7.  The  s t r u c t u r a l   bar   a c c o r d i n g   to  c l a i m   3,  c o m p r i s -  

ing  a  l o n g i t u d i n a l   t u b u l a r   e l e m e n t   a d a p t e d   to  f o r m  

s a i d   f o u r   X - s h a p e d   f l a n g e s ,   wi th   the  a n g u l a r   o r i e n t a t i o n s  

r e q u i r e d ,   on ly   in  a  r e g i o n   c l o s e   to  the  bar   ends   by  

s q u a s h i n g   of  s a i d   t u b u l a r   e l e m e n t .  

8.  The  s t r u c t u r a l   bar   a c c o r d i n g   to  any  of  p r e c e d i n g  
c l a i m s   1  to  6,  made  of  c o n t i n u o u s l y   e x t r u d e d   m a t e r i a l ,  
in  p a r t i c u l a r   of  a l u m i n u m   a l l o y ,   and  cut  to  the   d e s i r e d  
s i z e .  

9.  A  p l a n a r   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   f o r m e d   by  
3t  l e a s t   a  s i n g l e   l a y e r   of  p y r a m i d a l   t r u s s e s   (3)  h a v i n g  
a  s q u a r e   loop  base   (10)   f o rmed   of  b a r s   (1)  a c c o r d i n g  
:o  c l a i m   3  and  one  of  c l a i m s   4  to  7,  w i th   f a s t e n i n g  
; l e m e n t s   (7)  to  j o i n   to  each  o t h e r   the  f l a n g e s   (5)  o f  
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ba r s   c o n v e r g i n g   in  the  same  v i r t u a l   g e o m e t r i c   n o d e  

( 0 ) ,   and  o v e r l a p p i n g   at  s a i d   " f i r s t   s u r f a c e   a s s o c i a t e d  

wi th   s a i d   c o n j u g a t e   c o u p l i n g   p l a n e s .  

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

5  f o rmed   by  t e t r a h e d r o n   e l e m e n t s   c o n n e c t e d   to  each  o t h e r ,  

each  c o m p r i s i n g   b a r s   a c c o r d i n g   to  c l a i m   1  or  2,  h a v i n g  

t h r e e   f  l a n g e s   . 

11.  A  f a s t e n i n g   d e v i c e   to  be  used   to  f a s t e n   to  e a c h  

o t h e r   h o m o l o g o u s   b a r s   a c c o r d i n g   to  one  of  c l a i m s   1  t o  

0  7,  c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s   an  e x p a n s i o n  

head  b o l t   ( 1 1 ) ,   a  h e l i c a l   s p r i n g   (20)  h o u s e d   in  a  s u i t a -  

ble  s e a t   a r o u n d   b o l t   shank  (21)  and  kept   in  p o s i t i o n  

by  a  w a s h e r   (27)  s l i d a b l e   on  s a i d   shank  u n t i l   i t   a b u t s  

a  t i g h t e n i n g   nut  (29)  to  be  s c r e w e d   up  on  s a i d   s h a n k  

15  ( 2 1 ) .  

12.  The  f a s t e n i n g   d e v i c e   a c c o r d i n g   to  c l a i m   1 1 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   shank   (21)  has  a  p a r t i a l  

e x t e r n a l   t h r e a d   a l o n g   an  end  l e n g t h   t h e r e o f ,   for   s c r e w i n g  

of  s a i d   nut  (29)  t h e r e o n ,   and  s a i d   h e l i c a l   s p r i n g   ( 2 0 )  

20  is  housed   in  a  c a v i t y   d e f i n e d   b e t w e e n   the  o p p o s i t e   e n d  

of  shank  (21)  and  a  c o n i c a l   head  (25)  whose  d i a m e t e r  

is  not  l a r g e r   t han   s a i d   shank   d i a m e t e r ,   i n t e g r a l   w i t h  

a  pin  (23)  m o u n t e d   w i t h i n ,   and  made  i n t e g r a l   wi th   s h a n k  

( 2 1 ) ,   the  o p p o s i t e   end  of  which  p r o j e c t s   from  s a i d  

25  shank  and  is  s h a p e d   as  a  s q u a r e   t ang   ( 2 3 a ) ,   s a i d   s p r i n g  

(20)  h a v i n g   one  end  t h e r e o f   f a s t e n e d   to  s a i d   pin  ( 2 3 ) .  
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