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(m)  Hller  filled  steel  tube  column. 
©  A  filler  filled  steel  tube  column  including  :  a  steel  tube  hav- 
ing  an  inner  face;  a  core  made  of  the  filler  and  disposed  within 
the  steel  tube;  and  a  first  separating  layer,  interposed  be- 
tween  said  inner  face  of  the  steel  tube  and  said  core,  for  separ- 
ating  the  core  from  the  inner  face  of  the  steel  tube  so  that  the 
steel  tube  is  not  bonded  to  the  core.  The  steel  tube  includes  a 
pair  of  tube  pieces  coaxially  aligned  with  their  adjacent  ends 
spaced  apart,  so  that  a  ring-shaped  gap  is  formed  between  the 
adjacent  ends  of  the  tube  pieces.  The  gap  absorbs  the  axial 
strain  in  the  steel  tube  by  reducing  its  axial  width  when  the 
steel  tube  is  subjected  to  an  axial  compressive  load,  thereby 
inhibiting  axial  strain  from  being  brought  into  the  tube  pieces. 
In  the  view  of  Mieses's  yield  conditions,  lateral  confinement  of 
the  steel  tube  which  is  provided  on  the  core  is  enhanced. 
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FILLER  FILLED  STEEL  TUBE  COLUMN 

BACKGROUND  OF  THE  INVENTION 
T h i s   i n v e n t i o n   r e l a t e s   to   a  f i l l e r   f i l l e d   s t e e l   t u b e  

c o l u m n   w h i c h   may  be  u s e d   f o r   c o l u m n s   and  p i l e s   o f  
5  b u i l d i n g   s t r u c t u r e s .  

H e r e t o f o r e ,   t h i s   t y p e   of  s t e e l   t u b e   c o l u m n ,   s u c h   a s  
t h o s e   c o n c r e t e   f i l l e d ,   i s   c o n s t r u c t e d   by  e r e c t i n g   a  s t e e l  
t u b e   w h i c h   a l s o   s e r v e s   as  a  f r a m e w o r k   o t h e r   t h a n   a  c a s i n g  
and   t h e n   by  f i l l i n g   the   s t e e l   t u b e   w i t h   c o n c r e t e   to   f o r m  

10  a  c o n c r e t e   c o r e .   B e c a u s e   t h e   s t e e l   t u b e   and  t h e   c o n c r e t e  
c o r e   a r e   b o n d e d   to  each   o t h e r ,   t h e y   move  in  s i n g u l a r  
a l i g n m e n t   when  a x i a l   c o m p r e s s i o n   i s   a p p l i e d   to  t h e   s t e e l  
e n c a s e d   c o n c r e t e   c o l u m n .   When  t h e   c o n c r e t e   c o l u m n   i s  
s u b j e c t e d   to   an  a x i a l   c o m p r e s s i o n   b e y o n d   a  p r e d e t e r m i n e d  

15  c o m p r e s s i o n   s t r e n g t h ,   e x c e s s   s t r a i n s   d e v e l o p   in  t h e   s t e e l  
t u b e   and  t h e   c o n c r e t e   c o r e ,   r e s u l t i n g   in   a  l o c a l   b u c k l i n g  
in  t h e   s t e e l   t u b e   or  in  t h a t   t h e   s t e e l   t u b e   r e a c h e s   a n  
y i e l d   a r e a   u n d e r   M i e s e s ' s   y i e l d   c o n d i t i o n .   T h u s ,   t h e  
s t e e l   t u b e   does   no t   p r o v i d e   t h e   c o n c r e t e   c o r e   w i t h  

20  s u f f i c i e n t   c o n f i n e m e n t ,   w h i c h   c a u s e s   t h e   c o n c r e t e   c o r e   t o  
r e a c h   a  d o w n w a r d   d i r e c t e d   a r e a   of  t h e   s t r e s s - s t r a i n   c u r v e  
a t   a  l o a d   a p p l i e d   c o n s i d e r a b l y   l o w e r   t h a n   a  p r e d e t e r m i n e d  
l o a d .   For  t h i s   r e a s o n ,   i t   c a n n o t   be  e x p e c t e d   t o  
e f f i c i e n t l y   e n h a n c e   the   c o n c r e t e   c o r e   in   c o m p r e s s i o n  

25  s t r e n g t h   by  the   l a t e r a l   c o n f i n e m e n t   of  t h e   s t e e l   t u b e   a n d  
h e n c e   a  r e l a t i v e l y   l a r g e   c r o s s - s e c t i o n a l   a r e a   must   b e  
g i v e n   to  t h e   c o n c r e t e   f i l l e d   s t e e l   t u b e   co lumn   to  p r o v i d e  
s u f f i c i e n t   s t r e n g t h   to  i t   . 

SUMMARY  OF  THE  INVENTION 
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A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t h e   p r e s e n t   _  
i n v e n t i o n   to   p r o v i d e   a  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n  

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

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

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

c o l u m n .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

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

r e s i s t i n g   t h e   a x i a l   t e n s i l e   l o a d   due  to   t h e   o v e r t u r n i n g  

10  moment  of  t h e   w h o l e   b u i l d i n g   c a u s e d ,   f o r   e x a m p l e ,   by  a n  

e a r t h q u a k e   and   t h u s   to   e f f e c t i v e l y   e n h a n c e   t h e   b u i l d i n g  

in  r i g i d i t y .  

Wi th   t h e s e   and   o t h e r   o b j e c t s   in   v i e w   t h e   p r e s e n t  

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

15  i n c l u d i n g :   a  s t e e l   t u b e   h a v i n g   an  i n n e r   f a c e ;   a  c o r e   m a d e  

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

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

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

c o r e   f rom  t h e   i n n e r   f a c e   of  t h e   s t e e l   t u b e   so  t h a t   t h e  

20  s t e e l   t u b e   i s   n o t   b o n d e d   to  t h e   c o r e .   M o r e o v e r ,   t h e  

s t e e l   t u b e   i n c l u d e s   a  p a i r   of  t u b e   p i e c e s   c o a x i a l l y  

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

r i n g - s h a p e d   gap   b e t w e e n   t he   a d j a c e n t   e n d s   of  t h e   t u b e  

p i e c e s .   T h i s   gap   a b s o r b s   t h e   a x i a l   s t r a i n   in  t h e   s t e e l  

25  t u b e   by  r e d u c i n g   i t s   a x i a l   w i d t h   when  t h e   s t e e l   t u b e   i s  

s u b j e c t e d   to   an  a x i a l   c o m p r e s s i v e   l o a d ,   t h e r e b y  

i n h i b i t i n g   a x i a l   s t r a i n   f rom  b e i n g   b r o u g h t   i n t o   t h e   t u b e  

p i e c e s .   T h u s ,   in   t h e   v i e w   of  M i e s e s ' s   y i e l d   c o n d i t i o n s ,  

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

30  on  t he   c o r e   i s   e n h a n c e d .  
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P r e f e r a b l y ,   t h e   s t e e l   t u b e   i n c l u d e s   s p a c i n g   m e a n s ,  
i n t e r p o s e d   b e t w e e n   t h e   a d j a c e n t   ends   of  t h e   t u b e   p i e c e s ,  
w h i c h   r e t a i n s   t h e   gap  b e t w e e n   t he   a d j a c e n t   e n d s   of  t h e  
t u b e   p i e c e s   w h i l e   a l l o w i n g   the   gap  to  r e d u c e   i t s   a x i a l  

5  w i d t h .   The  s p a c i n g   means  may  be  c o m p o s e d   of  a  
r i n g - s h a p e d   m a t r i x   f i t t i n g   c o n c e n t r i c a l l y   i n t o   t h e  
r i n g - s h a p e d   gap ,   and  an  e l o n g a t e d   e l e m e n t   e m b e d d e d   w i t h i n  
t h e   m a t r i x   a l o n g   t h e   c i r c u m f e r e n t i a l   d i r e c t i o n   of  t h e  
m a t r i x   to  fo rm  a  c o i l   w i t h i n   t he   m a t r i x .  

10  I t   is   more  p r e f e r a b l e   t h a t   t he   s t e e l   t u b e   i n c l u d e s  
means   f o r   c o u p l i n g   t h e   t u b e   p i e c e s   c o a x i a l l y   in  s e r i e s  
w h i l e   a l l o w i n g   t he   t u b e   p i e c e s   to  be  a x i a l l y   m o v a b l e   i n  
r e l a t i o n   to  e a c h   o t h e r .  

The  c o u p l i n g   means   may  be  a  p i p e   c o u p l i n g   w h i c h   f i t s  
15  a r o u n d   b o t h   a d j a c e n t   ends   of  the   t u b e   p i e c e s .   The  p i p e  

c o u p l i n g   may  i n c l u d e ,   a  p i p e   body  d e f i n i n g   a  s p a c e  
b e t w e e n   i t s   i n n e r   s u r f a c e   and  t he   t u b e   p i e c e s ,   an  i n n e r  

l a y e r   made  of  t h e   f i l l e r   and  d i s p o s e d   w i t h i n   t h e   s p a c e ,  
and  a  s e c o n d   s e p a r a t i n g   l a y e r   i n t e r p o s e d   b e t w e e n   t h e  

20  i n n e r   l a y e r   and  a t   l e a s t   one  of  t h e   t u b e   p i e c e s .  
O t h e r w i s e ,   t h e   c o u p l i n g   means  may  be  a  j o i n i n g   t u b e  

one  end  p o r t i o n   of  w h i c h   is   c o a x i a l l y   j o i n e d   to   t he   i n n e r  
f a c e   of  one  of  t he   t u b e   p i e c e s   and  t he   o t h e r   end  p o r t i o n  
of  w h i c h   f i t s   c o a x i a l l y   to  t he   i n n e r   f a c e   of  t he   o t h e r  

25  t u b e   p i e c e   so  t h a t   t h e   j o i n i n g   t u b e   i s   a x i a l l y   s l i d a b l e  
in  r e l a t i o n   to  t h e   o t h e r   t u b e   p i e c e .   Means  f o r  

t r a n s f e r r i n g   an  a x i a l   l o a d   e x e r t e d   on  one  of  t he   t u b e  
p i e c e s   to  s a i d   c o r e   may  be  m o u n t e d   on  t h e   j o i n i n g   t u b e .  
The  l o a d   t r a n s f e r   m e a n s ,   p r e f e r a b l y ,   i s   an  i n n e r   f l a n g e  

30  c i r c u m f e r e n t i a l   ly  j o i n e d   to  one  of  t he   o p p o s i t e   ends   o f  
t he   j o i n i n g   t u b e   and  p r o j e c t i n g   r a d i a l l y   i n w a r d s .   I t   i s  
a l s o   p r e f e r a b l e   t h a t   the   j o i n i n g   t u b e   has  an  a x i a l l y  
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p l i a n t   member   w h i c h   i s   c i r c u m f e r e n t i a l l y   d i s p o s e d ^ o n   t h e  

u p p e r   end  of   t h e   j o i n i n g   t u b e .   T h i s   p l i a n t   m e m b e r  

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

to  t h e   j o i n i n g   t u b e .  

5  The  s t e e l   t u b e   may  i n c l u d e   f a s t e n i n g   means   f o r  

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

p r e v e n t i n g   t h e m   f r o m   g o i n g   away  f rom  e a c h   o t h e r .   T h i s  

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

c i r c u m f e r e n t i a l l y   j o i n e d   to  t h e   a d j a c e n t   e n d s   of   t h e   t u b e  

10  p i e c e s   r e s p e c t i v e l y ,   and  a  p l u r a l i t y   of  e n g a g i n g   m e m b e r s .  

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

o t h e r ,   t h u s ,   e a c h   of  t h e   o u t e r   f l a n g e s   has   an  i n n e r  

f a c i n g   s u r f a c e   and   an  o u t e r   s u r f a c e .   Each  of   t h e  

e n g a g i n g   member   h a s   o p p o s i t e   end   p o r t i o n s   w h i c h   a r e   i n  

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

f l a n g e s   r e s p e c t i v e l y .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.   1  i s   a  f r a g m e n t a r y   v i e w   of  a  b u i l d i n g   f r a m e w o r k  

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

20  a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;  

FIG.   2  i s   a  e n l a r g e d   f r a g m e n t a r y   a x i a l - s e c t i o n a l  

v i e w   of   t h e   s t e e l   t u b e   c o l u m n   in   FIG.   1 ;  

FIG.   3  i s   a  p e r s p e c t i v e   v i e w   p a r t i a l l y   c u t a w a y   o f  

t h e   s p a c i n g   r i n g   in   FIG.   2 ;  

25  FIG.   4  i s   a  f r a g m e n t a r y   a x i a l - s e c t i o n a l   v i e w   o f  

a n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;  

FIG.   5  i s   a  v i e w   t a k e n   a l o n g   t h e   l i n e   V-V  in  F IG.   4 ;  

FIG.   6  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  m o d i f i c a t i o n  

of  t h e   s t e e l   t u b e   c o l u m n   in  FIG.   5 ;  

30  FIG.  7  i s   a  f r a g m e n t a r y   v i e w   p a r t l y   in  s e c t i o n   o f  

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

e m b o d i m e n t   a c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n ;  
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FIG.  8  i s   a  e n l a r g e d   f r a g m e n t a r y   a x i a l - s e c t i o n a l  

v i e w   of  t h e   s t e e l   t u b e   c o l u m n   in  FIG.  7 ;  

FIG.  9  i s   a  f r a g m e n t a r y   a x i a l - s e c t i o n a l   v i e w   of   a  
m o d i f i e d   f o r m   of   t h e   s t e e l   t u b e   c o l u m n   in  F IG.   8 ;  

5  FIG.  10  i s   a  f r a g m e n t a r y   a x i a l - s e c t i o n a l   v i e w   o f  
a n o t h e r   m o d i f i e d   f o r m   of  t h e   s t e e l   t u b e   c o l u m n   in   FIG.   8 ;  

FIG.   11  i s   a  f r a g m e n t a r y   a x i a l - s e c t i o n a l   v i e w   o f  
s t i l l   a n o t h e r   m o d i f i e d   f o rm  of   t h e   s t e e l   t u b e   c o l u m n   i n  
FIG.   8 ;  

10  FIG.  12  i s   a  f r a g m e n t a r y   a x i a l - s e c t i o n a l   v i e w   of   a  
f u r t h e r   e m b o d i m e n t   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;  
a n d  

FIG.  13  i s   a  f r a g m e n t a r y   a x i a l - s e c t i o n a l   v i e w   of   a  
m o d i f i e d   f o r m   of   t h e   s t e e l   t u b e   c o l u m n   in  FIG.   1 2 .  

15  DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
In  t h e   d r a w i n g s ,   l i k e   r e f e r e n c e   c h a r a c t e r s   d e s i g n a t e  

c o r r e s p o n d i n g   p a r t s   t h r o u g h o u t   v i e w s ,   and  d e s c r i p t i o n s   o f  
t h e   c o r r e s p o n d i n g   p a r t s   a r e   o m i t t e d   a f t e r   o n c e   g i v e n .  

FIG.  1  i l l u s t r a t e s   a  p a r t   of  a  b u i l d i n g   f r a m e w o r k  
20  a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n .   T h i s   f r a m e w o r k   has   a  

p l u r a l i t y   of  s t e e l   t u b e   c o l u m n s   20  c o n c e n t r i c a l l y   j o i n e d  
in  s e r i e s ,   and  a  p l u r a l i t y   of  s t e e l   beams  22,  e a c h   j o i n e d  
at   i t s   i n n e r   end   to   t h e   u p p e r   end  of  e a c h   c o l u m n   2 0 .  
Each   c o l u m n   20  i n c l u d e s ,   as  shown  in  FIG.   2,  a  s t e e l   t u b e  

25  24  c o a t e d   o v e r   i t s   i n n e r   f a c e   24a  w i t h   a  s e p a r a t i n g   l a y e r  
26,  and  a  c o r e   28  d i s p o s e d   w i t h i n   t h e   s t e e l   t u b e   24.  T h e  
s e p a r a t i n g   l a y e r   26  may  be  made  of  a  s e p a r a t i n g   m a t e r i a l ,  
s u c h   as  a s p h a l t ,   g r e a s e ,   p a r a f f i n   wax,  p e t r o l a t u m ,   o i l ,  
s y n t h e t i c   r e s i n   and  p a p e r .   The  c o r e   28  i s   made  of  a  

30  f i l l e r ,   s u c h   as  c o n c r e t e ,   m o r t a r ,   s a n d ,   s o i l ,   c l a y ,   g l a s s  
p a r t i c l e s ,   m e t a l   p o w d e r ,   and  s y n t h e t i c   r e s i n ,   w h i c h  
a c h i e v e s   h i g h   c o m p r e s s i v e   s t r e n g t h   when  i t   i s  
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c o n s o l i d a t e d .   The  s e p a r a t i n g   l a y e r   26  s e r v e s   to  s e p a r a t e  

t h e   s t e e l   t u b e   24  f r o m   t h e   c o r e   28  so  t h a t   t h e   c o r e   28  i s  

n o t   b o n d e d   to  t he   s t e e l   t u b e   2 4 .  

As  shown  in  F IG.   2,  t h e   s t e e l   t u b e   24  i n c l u d e s   a  

5  p a i r   of  t u b e   p i e c e s   30  and   32  b o t h   made  of  s t e e l   and  b o t h  

h a v i n g   c i r c u l a r   c r o s s - s e c t i o n s   of   t h e   same  s i z e .   T h e  

t h i c k n e s s   of  e a c h   of   t h e   t u b e   p i e c e s   30  and  32  i s   in  t h e  

r a n g e   of  1 / 5 0 0   to  1 / 1 0   of  i t s   o u t e r   d i a m e t e r .   T h e s e   t u b e  

p i e c e s   30  and  32  a r e   c o a x i a l l y   a l i g n e d   and  a r e   s p a c e d  

10  a p a r t   so  t h a t   a  r i n g - s h a p e d   gap  36  i s   f o r m e d   b e t w e e n   t h e  

a d j a c e n t   e n d s   30a  and  32a  of  t h e   t u b e   p i e c e s .   In  FIG.   1 ,  

t h e   gap  36  i s   p l a c e d   a t   an  i n t e r m e d i a t e   p o i n t ,   i . e .   a t  

t h e   i n f l e c t i o n   p o i n t   of  moment   of   e a c h   of  t h e   c o l u m n s   2 0 ,  

T h e r e f o r e ,   by  r e d u c i n g   i t s   a x i a l   w i d t h   W,  t h e   gap  36  

15  a b s o r b s   t h e   a x i a l   s t r a i n   w h i c h   d e v e l o p s   in  t h e   s t e e l   t u b e  

24  of  e a c h   of  t h e   c o l u m n s   20  when  t h e   c o l u m n s   20  u n d e r g o  

an  a x i a l   c o m p r e s s i v e   l o a d .   The  a x i a l   w i d t h   W  of  t h e   g a p  

36  i s   p r e f e r a b l y   in   t h e   r a n g e   of  a  maximum  a x i a l   s t r a i n  

of   t h e   s t e e l   t u b e   24,  w h i c h   i s   c a u s e d   by  t h e   o v e r t u r n i n g  

20  moment   of  t h e   b u i l d i n g .  

The  s t e e l   t u b e   24  a l s o   i n c l u d e s   a  s p a c i n g   r i n g   34  

h a v i n g   an  e q u a l   i n n e r   d i a m e t e r   to   t h e   t u b e   p i e c e s   30  a n d  

32 .   T h i s   s p a c i n g   r i n g   34  f i t s   c o a x i a l l y   i n t o   t h e   gap  36  

so  t h a t   t h e   gap  36  i s   s u b s t a n t i a l l y   r e t a i n e d   b e t w e e n   t h e  

25  t u b e   p i e c e s   30  and  32.  In  F IG.   3,  t h e   s p a c i n g   r i n g   34  

c o n s i s t s   of  a  r i n g - s h a p e d   m a t r i x   38  and  an  e l o n g a t e d  

e l e m e n t   40  w h i c h   i s   e m b e d d e d   w i t h i n   t he   m a t r i x   38  a l o n g  

t h e   c i r c u m f e r e n t i a l   d i r e c t i o n   of  t h e   m a t r i x   38  to  fo rm  a  

c o i l   in  t h e   m a t r i x .   The  m a t r i x   38  may  be  made  of  r u b b e r ,  

30  v i n y l   c h l o r i d e   r e s i n   or   p o l y e t h e r e t h e r k e t o n e   r e s i n   so  a s  

to   a c h i e v e   a  l o w e r   c o m p r e s s i v e   s t r e n g t h   and  a  l o w e r  

r i g i d i t y   t h a n   the   t u b e   p i e c e s   30  and  32.  The  e l o n g a t e d  
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e l e m e n t   40  may  be  made  of  a r a m i d e   f i b e r ,   g l a s s   f i b e r   o r  

c a r b o n   f i b e r   so  as  to   a c h i e v e   a l m o s t   as  h i g h   t e n s i l e  

s t r e n g t h   as  t h e   t u b e   p i e c e s .   C o n s e q u e n t l y ,   t h e   s p a c i n g  

r i n g   34  p r o m o t e s   b o t h   h i g h   c i r c u m f e r e n t i a l   and   r a d i a l  

5  t e n s i l e   s t r e n g t h   as  w e l l   as  a x i a l   f l e x i b i l i t y .   T h a t   i s ,  

t h e   r i n g   34  a l l o w s   t h e   gap  36  to   r e d u c e   i t s   a x i a l   w i d t h   H 

and   a l s o   p r o v i d e s   t h e   c o r e   28  w i t h   a  l a t e r a l   c o n f i n e m e n t  

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

20.   The  t h i c k n e s s   of   t h e   r i n g   34  may  be  d e t e r m i n e d  

10  a c c o r d i n g   to   t h e   c o m p r e s s i v e   s t r e n g t h   of  t h e   t u b e   p i e c e s  

30  and  3 2 .  

R e t u r n i n g   to   FIG.   2,  t h e   s p a c i n g   r i n g   34  has   i t s  

u p p e r   and  l o w e r   end  p o r t i o n s   34a  and  34b  w h i c h   have   a  

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

15  34.   The  t u b e   p i e c e s   30  and   32  a r e   p r o v i d e d   a t   t h e i r  

a d j a c e n t   e n d s   30a  and  32a  r e s p e c t i v e l y   w i t h   r e c e s s e s   42  

and   44  w h i c h   e x t e n d   c i r c u m f e r e n t i a l l y   in  t he   i n n e r   f a c e s  

of  t h e   t u b e   p i e c e s   30  and  32.  The  s p a c i n g   r i n g   34  i s  

e n g a g e d   w i t h   b o t h   t h e   t u b e   p i e c e s   30  and  32  by  i n s e r t i n g  

20  i t s   u p p e r   and  l o w e r   end   p o r t i o n s   34a  and  34b  r e s p e c t i v e l y  

i n t o   t h e   r e c e s s e s   42  and  44  of  t h e   t u b e   p i e c e s .  

In  t he   p r e s e n c e   of  t h e   s e p a r a t i n g   l a y e r   26,  t h e  

s t e e l   t u b e   24  i s   a x i a l l y   m o v a b l e   r e l a t i v e   to  t h e   c o r e   2 8 .  

T h e r e f o r e ,   when  t h e   c o r e   28  u n d e r g o e s   a x i a l   c o m p r e s s i o n ,  

25  t h e   s t e e l   t u b e   24  f o l l o w s   t h e   c o r e   28  w i t h   a  much  s m a l l e r  

d e g r e e   of  a x i a l   s t r a i n   t h a n   t h e   p r i o r   a r t   s t e e l   t u b e  

b o n d e d   to  i t s   c o r e .   M o r e o v e r ,   t h e   gap  36  a b s o r b s   t h e  

a x i a l   s t r a i n   in  t h e   s t e e l   t u b e   24  by  r e d u c i n g   i t s   a x i a l  

w i d t h   W.  In  o t h e r   w o r d s ,   t h e   s t e e l   t u b e   24  r e d u c e s   i t s  

30  a x i a l   l e n g t h   by  d e f o r m i n g   o n l y   t he   s p a c i n g   r i n g   34,  w h e n  

t h e   a x i a l   c o m p r e s s i o n   i s   e x e r t e d   on  i t .   T h e r e f o r e ,   t h e  

a x i a l   s t r a i n   is   h a r d l y   b r o u g h t   i n t o   t he   t u b e   p i e c e s   30  
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and  32  e v e n   t h o u g h   i t   d e v e l o p s   in   t h e   c o r e   28.   T h i s  

means   t h a t   t h e   s t e e l   t u b e   24  i n c r e a s e s   i t s   s t r e n g t h  

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

due  to   t r a n s v e r s e   s t r a i n   of  t h e   c o r e   28,  t h u s ,   in  t h e  

5  v i e w   of  M i e s e s ' s   y i e l d   c o n d i t i o n s ,   e n h a n c i n g   l a t e r a l  

c o n f i n e m e n t   of  t h e   s t e e l   t u b e   24  w h i c h   i s   p r o v i d e d   on  t h e  

c o r e   28 .   As  a  r e s u l t ,   t h e   c o m p r e s s i o n   s t r e n g t h   of   t h e  

c o r e   28  i s   e f f i c i e n t l y   e n h a n c e d   t h e r e b y   e n a b l i n g   a  

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

10  20  as  c o m p a r e d   t o   t h e   p r i o r   a r t   c o l u m n .  

FIG.   4  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n ,   in   w h i c h   a  s t e e l   t u b e   46  has   a  p i p e   c o u p l i n g  

48  w h i c h   c o u p l e s   t u b e   p i e c e s   50  and  52  in  s e r i e s .   T h e  

p i p e   c o u p l i n g   48  i n c l u d e s   a  p i p e   body   54  w h i c h   s u r r o u n d s  

15  b o t h   t h e   a d j a c e n t   e n d s   50a  and  52a  of  t h e   t u b e   p i e c e s   5 0  

and  52  to   d e f i n e   an  a n n u l a r   s p a c e   56  b e t w e e n   i t s   i n n e r  

f a c e   54a  and   t h e   t u b e   p i e c e s   ( s e e   FIG.   5 ) .   An  i n n e r  

l a y e r   58,  made  of   c o n c r e t e   in   t h i s   e m b o d i m e n t ,   i s  

d i s p o s e d   w i t h i n   t h e   a n n u l a r   s p a c e   56  to   f i l l   o u t   t h e  

20  s p a c e ,   and  a  s e p a r a t i n g   l a y e r   60  i s   i n t e r p o s e d   b e t w e e n  

t h e   i n n e r   l a y e r   60  and   t h e   t u b e   p i e c e s   50  and  52  so  t h a t  

t h e   i n n e r   l a y e r   i s   n o t   b o n d e d   to   t h e   t u b e   p i e c e s   50  a n d  

52.  The  s e p a r a t i n g   l a y e r   60  may  be  made  of  t h e   s a m e  

s e p a r a t i n g   m a t e r i a l   as  t h a t   u s e d   in   FIG.  2.  An  a n n u l a r  

25  p a c k i n g   62  f i t s   in   t h e   l o w e r   end  of  the   p i p e   body   54  a n d  

a r o u n d   t h e   t u b e   p i e c e   52  to  c l o s e   t h e   l o w e r   o p e n i n g   o f  

t h e   s p a c e   56.   In  t h e   p r e s e n c e   of  t h e   p i p e   c o u p l i n g   4 8 ,  

t h e   s t e e l   t u b e   46  i n c r e a s e s   i t s   m e c h a n i c a l   s t r e n g t h   a n d  

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

30  t h e   gap  36  when  t h e   a x i a l   c o m p r e s s i o n   i s   e x e r t e d   on  i t .  

In  t h i s   e m b o d i m e n t ,   a  s p a c i n g   r i n g   64  w h i c h   i s   made  o f  

o n l y   f l e x i b l e   m a t e r i a l   s u c h   as  r u b b e r   f i t s   c o n c e n t r i c a l l y  

5 
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i n t o   t h e   gap  36,   and  a  p l u r a l i t y   of  r e i n f o r c e m e n t s   66  a r e  

a x i a l l y   e m b e d d e d   w i t h i n   a  c o r e   68.  The  c o r e   68  may  b e  

made  of   h y d r a u l i c   m a t e r i a l   s u c h   as  c o n c r e t e .   The  u p p e r  
t u b e   p i e c e   50  i s   p r o v i d e d   a t   i t s   a d j a c e n t   end   p o r t i o n  

5  w i t h   a  p l u r a l i t y   of  t h r o u g h   h o l e s   70.   When  c o n c r e t e   i s  

b e i n g   f i l l e d   i n t o   t h e   t u b e   p i e c e   50,  t h e   c o n c r e t e   p a s s e s  
t h r o u g h   t h e   h o l e s   70  ou t   of   t h e   t u b e   p i e c e   50  t h e r e b y  
f i l l i n g   t h e   a n n u l a r   s p a c e   56  a t   t h e   same  t i m e   t h a t   i t  

f o r m s   t h e   c o r e   6 8 .  

10  The  s e p a r a t i n g   l a y e r   60  may  be  i n t e r p o s e d   b e t w e e n  

t h e   i n n e r   l a y e r   58  and  one  of   t h e   t u b e   p i e c e s   50  and  52  

i n s t e a d   of   b e i n g   i n t e r p o s e d   b e t w e e n   t h e   i n n e r   l a y e r   a n d  
b o t h   t h e   t u b e   p i e c e s .   A  p i p e   body   d i r e c t l y   f i t t i n g  
a r o u n d   b o t h   a d j a c e n t   e n d s   50a  and  52a  of  t u b e   p i e c e s   50  

15  and  52  may  be  e m p l o y e d   in  p l a c e   of  t h e   p i p e   body   5 4 .  

P r e s t r e s s e d   r e i n f o r c e m e n t s   may  be  e m p l o y e d   in  p l a c e   o f  
t h e   r e i n f o r c e m e n t s   66.  F u r t h e r   m o r e ,   in  p l a c e   of  t h e  

s p a c i n g   r i n g s   in   FIG.   2  and   4,  a  p l u r a l i t y   o f  

b l o c k - s h a p e d   s p a c e r s   made  of  f l e x i b l e   m a t e r i a l   may  b e  
20  i n t e r p o s e d   b e t w e e n   t h e   t u b e   p i e c e s   a t   e q u a l   a n g u l a r  

i n t e r v a l s   a r o u n d   t h e   a x i s   of  t he   t u b e   p i e c e s .   T u b e  

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

p i e c e   72  h a v i n g   an  o c t a g o n a l   c r o s s - s e c t i o n   as  shown  i n  
FIG.   6,  may  be  e m p l o y e d   in  p l a c e   of  t h e   t u b e   p i e c e s   i n  

25  FIG.   2  and  4 .  

FIGS.   7  and  8  show  s t i l l   a n o t h e r   e m b o d i m e n t   of  t h e  
i n v e n t i o n .   In  FIG.   7,  a  p l u r a l i t y   of   c o l u m n s   74  a r e  
j o i n e d   in   s e r i e s   to  fo rm  a  b u i l d i n g   f r a m e w o r k .   E a c h  

c o l u m n   74  has  a  s t e e l   t u b e   76  to  t h e   u p p e r   end  p o r t i o n   o f  
30  w h i c h   a  p l u r a l i t y   of  s t e e l   beams  78  a r e   w e l d e d .   T h e  

s t e e l   beams   78  of  e a c h   c o l u m n   74  a r e   to   s u p p o r t   e a c h  
f l o o r   s l a b   of  t h e   b u i l d i n g   s u b s e q u e n t l y .   As  i l l u s t r a t e d  
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in  FIG.   8,  t h e   s t e e l   t u b e   76  of  e v e r y   t h r e e   c o l u m n s   74  

i n c l u d e s ,   a  p a i r   of  t u b e   p i e c e s   80  and  82  ,  and   a  j o i n i n g  

t u b e   84  w h i c h   c o u p l e s   t h e   t u b e   p i e c e s   80  and  8 2  

c o n c e n t r i c a l l y   in   s e r i e s .   The  u p p e r   t u b e   p i e c e   80  

5  c o n s i s t s   o f ,   a  t u b e   p i e c e   b o d y   86,  and  a  r i n g - s h a p e d   t u b e  

88  c o a x i a l l y   w e l d e d   a t   i t s   u p p e r   end  to   t h e   l o w e r   end   o f  

t h e   t u b e   p i e c e   b o d y   86.   T h a t   i s ,   r i n g - s h a p e d   t u b e   88  

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

80.   The  j o i n i n g   t u b e   84  i s   j o i n e d   c o a x i a l l y   a t   i t s   u p p e r  

10  end   p o r t i o n   90  to   t h e   i n n e r   f a c e   80a  of  t h e   u p p e r   t u b e  

p i e c e   80,  and  f i t s   i t s   l o w e r   end  p o r t i o n   92  c o a x i a l l y   t o  

t h e   i n n e r   f a c e   82a  of  t h e   l o w e r   t u b e   p i e c e   82.  B e t w e e n  

t h e   l o w e r   end   p o r t i o n -   92  of  t h e   j o i n i n g   t u b e   84  and  t h e  

i n n e r   f a c e   82a  of   t h e   l o w e r   t u b e   p i e c e   82,  a  l u b r i c a t i n g  

15  l a y e r   94  made  of  a n t i f r i c t i o n   m a t e r i a l   s u c h   a s  

t e t r a f l u o r o e t h y l e n e   i s   i n t e r p o s e d   so  t h a t   t h e   j o i n i n g  

t u b e   84  i s   a x i a l l y   s l i d a b l e   in   r e l a t i o n   to   t h e   l o w e r   t u b e  

p i e c e   82.   F u r t h e r m o r e ,   j o i n i n g   t u b e   84  i s   w e l d e d  

c i r c u m f e r e n t i a l l y   a t   i t s   l o w e r   end  84a  w i t h   an  i n n e r  

20  f l a n g e   96  w h i c h   p r o j e c t   r a d i a l l y   i n w a r d s   so  t h a t   an  a x i a l  

l o a d   a p p l i e d   to   t h e   u p p e r   t u b e   p i e c e   80  i s   t r a n s f e r r e d  

v i a   t h e   f l a n g e   96  to   t h e   c o r e   2 8 .  

In  a s s e m b l i n g   t h e   s t e e l   t u b e   c o l u m n   in  FIG.   8,  t h e  

j o i n i n g   t u b e   84  i s   c o a x i a l l y   w e l d e d   to  t h e   i n n e r   f a c e   o f  

25  t h e   r i n g - s h a p e d   t u b e   88  b e f o r e   or  a f t e r   t h e   i n n e r   f l a n g e  

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

r i n g - s h a p e d   t u b e   88  i s   t h e n   w e l d e d   at  i t s   u p p e r   end   t o  

t h e   l o w e r   end   of  t h e   t u b e   p i e c e   body  86.  T h e r e a f t e r ,   t h e  

u p p e r   t u b e   p i e c e   80  w i t h   t h e   j o i n i n g   t u b e   84  t h u s  

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

c o u p l e d   w i t h   t h e   l o w e r   t u b e   p i e c e   82  w h i c h   has   a l r e a d y  

b e e n   e r e c t e d   t h e r e   so  t h a t   t h e   gap  36  i s   d e f i n e d   b e t w e e n  
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t h e   t u b e   p i e c e s   80  and  82.   T h e n ,   a  c o n c r e t e   i s   c h a r g e d  

.  i n t o   t h e   s t e e l   t u b e   76  ( i . e .   t h e   t u b e   p i e c e s   80  and  8 2  

and  t h e   j o i n i n g   t u b e   84)  and   c u r e d .   A l t e r n a t i v e l y ,   t h e  

r i n g - s h a p e d   t u b e   88  w i t h   j o i n i n g   t u b e   84  i s   c o u p l e d   t o  

5  t h e   l o w e r   t u b e   p i e c e   82  a t   t h e   c o n s t r u c t i o n   s i t e ,   a n d  

t h e n   t h e   t u b e   p i e c e   b o d y   86  i s   w e l d e d   a t   i t s   l o w e r   e n d   t o  
t h e   r i n g - s h a p e d   t u b e   88  as   a  p r o c e s s   p r e c e d i n g   t h e  

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

m e t h o d s ,   s p a c i n g   i n s t r u m e n t s   f o r   r e t a i n i n g   t h e   gap  3 6  

10  b e t w e e n   t h e   t u b e   p i e c e s   80  and   82  a r e   r e q u i r e d .   F o r  

e x a m p l e ,   t h e s e   i n s t r u m e n t s   may  be  s p a c e r s   w h i c h   a r e  

a t t a c h e d   w i t h   t h e   c a p a c i t y   of  b e i n g   d e t a c h e d   b e t w e e n   t h e  

a d j a c e n t   e n d s   80a  and  82a  of  t h e   t u b e   p i e c e s   or  t h e  

s p a c i n g   r i n g s   l i k e   t h o s e   shown  in   FIGS.  2  and  4 .  

15  O t h e r w i s e ,   t h e   t u b e   p i e c e s   80  and   82  a re   c o u p l e d   t o g e t h e r  
w i t h   t h e i r   a d j a c e n t   e n d s   in   c o n t a c t   w i t h   e a c h   o t h e r ,   a n d  
a f t e r   t h e   c o n c r e t e   i s   c h a r g e d   and   c u r e d   e i t h e r   of   t h e  

a d j a c e n t   end  p o r t i o n s   a r e   c u t   o f f   so  t h a t   t he   gap  36  i s  

f o r m e d   b e t w e e n   t h e m .   C a r e f u l   o p e r a t i o n   i s   r e q u i r e d   u p o n  
20  c u t t i n g   o f f   t h e   end  p o r t i o n   so  as   no t   to  damage   t h e  

j o i n i n g   t u b e   8 4 .  

In  t h e   c o n s t r u c t i o n   in   F IG.   7,  s h e a r i n g   f o r c e   f r o m  
the   beams  78  i s   t r a n s f e r r e d   to   e a c h   s t e e l   t u b e   76  t o  
w h i c h   t h e   beams  78  a r e   j o i n e d .   T h e n ,   t he   s h e a r i n g   f o r c e  

25  in  t he   t h r e e   c o n t i n u o u s   s t e e l   t u b e s   76  b e t w e e n   t w o  

j o i n i n g   t u b e s   84  i s   t r a n s f e r r e d   v i a   the   i n n e r   f l a n g e   9 6  
of  t he   l o w e r   j o i n i n g   t u b e   84  to   t h e   c o r e   28  w i t h o u t   b e i n g  
t r a n s f e r r e d   to   s t e e l   t u b e s   76  a l i g n e d   l o w e r   t h a n   t h e   g a p  
36.  In  o t h e r   w o r d s ,   t h e   s t e e l   t u b e   76  i s   s u b j e c t e d   t o  

30  t he   s h e a r i n g   f o r c e   (an  a x i a l   c o m p r e s s i v e   f o r c e )  

t r a n s f e r r e d   f rom  t he   beams   78  of  o n l y   t h r e e   c o l u m n s .  

Tha t   i s ,   t h e   s t e e l   t u b e   76  u n d e r g o e s   much  l e s s   a x i a l  
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c o m p r e s s i v e   f o r c e   t h a n   t h e   p r i o r   a r t   s t e e l   t u b e ,   w h i c h  

e n h a n c e s   l a t e r a l   c o n f i n e m e n t   of  t h e   s t e e l   t u b e   76  

p r o v i d e d   on  t h e   c o r e   2 8 .  

A  m o d i f i e d   f o r m   of  t h e   s t e e l   t u b e   c o l u m n   in  FIG.   8 

5  i s   i l l u s t r a t e d   in   F IG,   9,  in   w h i c h   a  j o i n i n g   t u b e   98  a n d  

a  r i n g - s h a p e d   t u b e   100  a r e   m o l d e d   i n t o   a  u n i t a r y  

c o n s t r u c t i o n .   An  i n n e r   f l a n g e   102  and  t h e   j o i n i n g   t u b e  

98  a r e   a l s o   m o l d e d   t o g e t h e r ,   o t h e r w i s e   t h e   i n n e r   f l a n g e  

102  i s   w e l d e d   to   t h e   j o i n i n g   t u b e   98 .   The  c o l u m n   w i t h  

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

of   j o i n i n g   t h e   j o i n i n g   t u b e   to   t h e   r i n g - s h a p e d   t u b e   i s  

o m i t t e d .   A  r i n g - s h a p e d   t u b e   i n t e g r a l   w i t h   t he   t u b e   p i e c e  

b o d y   86  may  be  e m p l o y e d   in   p l a c e   of  t he   t u b e   1 0 0 .  

A n o t h e r   m o d i f i e d   f o r m   of   t h e   c o l u m n   in  FIG.  8  i s  

15  shown  in  FIG.  10,  in   w h i c h   t h e   j o i n i n g   t u b e   84  i s  

c i r c u m f e r e n t i a l l y   p r o v i d e d   a t   i t s   u p p e r   end   84b  w i t h   a  

p l i a n t   member  1 0 4 .   T h i s   member   104  i s   made  o f ,   f o r  

e x a m p l e ,   r u b b e r   so  as   to   r e d u c e   an  a x i a l   c o m p r e s s i v e   l o a d  

e x e r t e d   f r o m   t h e   c o r e   28  to   t h e   j o i n i n g   t u b e   84.  As  

20  shown  in  FIG.  11,  a  ramp  106  may  be  f o r m e d   at   t h e   u p p e r  

end   84b  of   t he   j o i n i n g   t u b e   84  in   p l a c e   of  t h e   p l i a n t  

member   104 ,   .  T h i s   ramp  106  i s   i n c l i n e d   to   a  p l a n e  

p e r p e n d i c u l a r   to   t h e   a x i s   of  t h e   j o i n i n g   t u b e   84  t o  

c o n v e r g e   t o w a r d   t h e   l o w e r   end   of  t h e   j o i n i n g   t u b e .  

25  FIG.   12  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   in  w h i c h   t h e   t u b e   p i e c e s   80  and  82  a r e  

c i r c u m f e r e n t i a l l y   w e l d e d   at   t h e i r   a d j a c e n t   ends   80b  a n d  

82b  w i t h   a  p a i r   of  o u t e r   f l a n g e s   108  and  1 1 0  

r e s p e c t i v e l y .   T h e s e   o u t e r   f l a n g e s   108  and   110  p r o j e c t  

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

of   s c r e w   r o d s   112  w h i c h   p a s s   l o o s e l y   t h r o u g h   b o t h   of  t h e m  

a t   e q u a l   a n g u l a r   i n t e r v a l s   a r o u n d   t h e i r   a x i s .   T h e  
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o p p o s i t e   end  p o r t i o n s   112a   and   112b  of   e a c h   of   t h e   r o d s  
112  a re   t h r e a d e d l y   e n g a g e d   w i t h   a  p a i r   of  n u t s   114  a n d  
116  r e s p e c t i v e l y   and   t h e r e b y   b r o u g h t   i n t o   f i r m   c o n t a c t  
w i t h   t he   o u t e r   s u r f a c e s   1 0 8 a   and  110a  of  t h e   o u t e r  

5  f l a n g e s   r e s p e c t i v e l y   t h r o u g h   t h e   n u t s   114  and  1 1 6 .   T h i s  
c o n s t r u c t i o n   p r e v e n t s   t h e   t u b e   p i e c e s   80  and  82  f r o m  
g o i n g   away  f r o m   e a c h   o t h e r   w h i l e   a l l o w i n g   t h e m   t o  
a p p r o a c h   e a c h   o t h e r .   A c c o r d i n g l y ,   t h e   c o l u m n   in  t h i s  
e m b o d i m e n t   i s   c a p a b l e   of  r e s i s t i n g   an  a x i a l   t e n s i l e   l o a d  

10  due  to  t h e   o v e r t u r n i n g   moment   of   t h e   b u i l d i n g   c a u s e d   b y  
s h o r t   t i m e   l o a d i n g   s u c h   as  s e i s m i c   f o r c e   and  t h u s  

e n h a n c i n g   t h e   b u i l d i n g   in   r i g i d i t y   and  d u r a b i l i t y .   I n  
a d d i t i o n ,   e a c h   of   t h e   o u t e r   f l a n g e s   108  and  110  has   a  
p l u r a l i t y   of  r e i n f o r c i n g   r i b s   118  m o u n t e d   on  i t   a t   e q u a l  

15  a n g u l a r   i n t e r v a l s   a r o u n d   i t s   a x i s .   The  r i b s   on  t h e   u p p e r  
f l a n g e   108  a r e   w e l d e d   a t   t h e i r   l o w e r   e d g e s   to   t h e   o u t e r  
s u r f a c e   108a   of  t h e   f l a n g e   108  and  w e l d e d   a t   t h e i r  
r a d i a l l y   i n n e r   e d g e s   to   t h e   o u t e r   f a c e   of  t h e   u p p e r   t u b e  
p i e c e   80.  On  t h e   o t h e r   h a n d ,   t h e   r i b s   118  on  t h e   l o w e r  

20  f l a n g e   110  a r e   w e l d e d   a t   t h e i r   u p p e r   e d g e s   to   t h e   o u t e r  
s u r f a c e   110a   of   t h e   f l a n g e   110  and  at  t h e i r   r a d i a l l y  
i n n e r   e d g e s   to  t h e   o u t e r   f a c e   of  t h e   l o w e r   t u b e   p i e c e   8 2 .  
Tha t   i s ,   t h e   r i b s   118  j o i n s   t h e   o u t e r   s u r f a c e s   108a   a n d  
110a  of  t h e   o u t e r   f l a n g e s   to   t h e   o u t e r   f a c e s   of  t h e   t u b e  

25  p i e c e s   80  and  82  r e s p e c t i v e l y   so  t h a t   t h e   f l a n g e s   108  a n d  
110  a r e   r e i n f o r c e d   a g a i n s t   an  a x i a l   l o a d .  

In  a s s e m b l i n g   t h e   s t e e l   t u b e   c o l u m n   in  FIG.  12,  t h e  
j o i n i n g   t u b e   84,  r i n g - s h a p e d   t u b e   88,  t h e   i n n e r   f l a n g e  
96,  the   o u t e r   f l a n g e   108 ,   r i b s   118 ,   and  the   p l i a n t   m e m b e r  

30  104  a re   j o i n e d   t o g e t h e r   in  a  s t e e l   a s s e m b l i n g   f a c t o r y ,  
and  t h e n   t h e   t u b e   p i e c e   b o d y   86  i s   w e l d e d   to  t h e  
r i n g - s h a p e d   t u b e   88.   T h i s   u p p e r   t u b e   p i e c e   80  w i t h   t h e  
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o t h e r   j o i n e d   m e m b e r s   i s   t h e n   b r o u g h t   i n t o   a  c o n s t r u c t i o n  

s i t e   and  c o u p l e d   w i t h   t h e   l o w e r   t u b e   p i e c e   82  w e l d e d   w i t h  

t h e   o u t e r   f l a n g e   110 ,   w h i c h   has   a l r e a d y   been   e r e c t e d  

t h e r e .   Upon  t h i s   c o u p l i n g   p r o c e s s ,   s p a c e r s   ( n o t   s h o w n )  

5  may  be  i n t e r p o s e d   b e t w e e n   t h e   f l a n g e s   108  and  110  so  t h a t  

t h e   r i n g - s h a p e d   gap  36  i s   r e t a i n e d   b e t w e e n   t h e   f l a n g e s .  

T h e r e a f t e r ,   t h e   n u t s   114  and  116  e n g a g i n g   w i t h   t h e   s c r e w  

r o d s   112  a r e   a t t a c h e d   to  t h e   o u t e r   f l a n g e s   108  and   1 1 0 .  

F i n a l l y ,   a  c o n c r e t e   i s   c h a r g e d   i n t o   t he   t u b e   p i e c e s   8 0  

10  and  82  and  t h e   j o i n i n g   t u b e   84,  and  a f t e r   t h e   c o n c r e t e   i s  

c u r e d ,   t h e   s p a c e r s   a r e   r e m o v e d   f rom  the   gap  36.   As  t h e  

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

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

t h e   gap  36.   In  t h i s   c a s e ,   t h e   t h r e a d e d   c o n n e c t i o n  

15  b e t w e e n   e a c h   of  t h e   s c r e w   r o d s   112  and  t h e   n u t s   114  a n d  

116  must   be  r e t i g h t e n e d   so  t h a t   t h e   n u t s   a r e   b r o u g h t  

a g a i n   i n t o   d i r e c t   c o n t a c t   w i t h   t h e   o u t e r   s u r f a c e s   1 0 8 a  

and  110a  of  t h e   f l a n g e s   108  and  1 1 0 .  

The  t u b e   p i e c e   body   86  may  be  w e l d e d   to   t h e  

20  r i n g - s h a p e d   t u b e   88  a f t e r   t h e   r i n g - s h a p e d   t u b e   88  w i t h  

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

p i e c e   82  and  t h e   s c r e w   r o d s   112  a r e   a t t a c h e d   to   t h e  

f l a n g e s   108  and  1 1 0 .   In  a n o t h e r   way,   t h e   c o n c r e t e   may  b e  

c h a r g e d   i n t o   t h e   l o w e r   t u b e   p i e c e   82  b e f o r e   t h e   u p p e r  
25  t u b e   p i e c e   80  or  t h e   r i n g - s h a p e d   t u b e   88  i s   c o u p l e d   w i t h  

t h e   l o w e r   t u b e   p i e c e   82.  In  c a s e   t h e   s p a c e r   i s   made  o f  

f l e x i b l e   m a t e r i a l ,   i t   may  be  k e p t   in  t he   gap  36  e v e n  

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

a n o t h e r   p a i r   of  n u t s   may  be  t h r e a d e d l y   e n g a g e d   w i t h   e a c h  

30  of  t he   s c r e w   r o d s   112  so  as  to  be  in   d i r e c t   c o n t a c t   w i t h  

t h e   i n n e r   f a c i n g   s u r f a c e s   108b  and  110b  of  t h e   f l a n g e s  

108  and  110  r e s p e c t i v e l y .  
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__  FIG.   13  shows   a  m o d i f i e d   f o rm  of  t h e   c o l u m n   in  F I G .  
12,  in   w h i c h   Jthe  l o w e r   t u b e   p i e c e   122  c o n s i s t s   o f ,   a  t u b e  
p i e c e   body   124,   and  a  r i n g - s h a p e d   t u b e   126  c o a x i a l l y  
w e l d e d   a t   i t s   l o w e r   end  to   t h e   u p p e r   end   of   t h e   t u b e  

5  p i e c e   body   1 2 4 .   T h a t   i s ,   r i n g - s h a p e d   t u b e   126  f o r m s   t h e  
a d j a c e n t   end   p o r t i o n   of  t h e   l o w e r   t u b e   p i e c e   1 2 2 .   T h e  
j o i n i n g   t u b e   84  i s   j o i n e d   c o a x i a l l y   a t   i t s   l o w e r   e n d  
p o r t i o n   92  to   t h e   i n n e r   f a c e   122a   of  t h e   l o w e r   t u b e   p i e c e  
122,   and  f i t s   c o a x i a l l y   i t s   u p p e r   end  p o r t i o n   90  to   t h e  

10  i n n e r   f a c e   120a  of  t h e   u p p e r   t u b e   p i e c e   120 .   B e t w e e n   t h e  
u p p e r   end  p o r t i o n   90  of  t h e   j o i n i n g   t u b e   84  and  t h e   i n n e r  
f a c e   120a   of  t h e   u p p e r   t u b e   p i e c e   120,   a  l u b r i c a t i n g  
l a y e r   94  i s   i n t e r p o s e d   so  t h a t   t h e   j o i n i n g   t u b e   84  i s  
a x i a l l y   s l i d a b l e   in  r e l a t i o n   to  t h e   u p p e r   t u b e   p i e c e   1 2 0 .  

15  F u r t h e r m o r e ,   j o i n i n g   t u b e   84  i s   w e l d e d   a t   i t s   u p p e r   e n d  
84b  c i r c u m f e r e n t i a l l y   w i t h   an  i n n e r   f l a n g e   96  so  t h a t   a n  
a x i a l   l o a d   a p p l i e d   to   t h e   l o w e r   t u b e   p i e c e   122  i s  
t r a n s f e r r e d   v i a   t h e   f l a n g e   96  to   t h e   c o r e   28.  The  p l i a n t  
member   104  i s   c i r c u m f e r e n t i a l l y   a t t a c h e d   on  t o p   of  t h e  

20  i n n e r   f l a n g e   9 6 .  

In  t h e   c o n s t r u c t i o n   in   FIG.   13,  s h e a r i n g   f o r c e   f r o m  
t h e   beams   w h i c h   i s   j o i n e d   to   t h e   l o w e r   t u b e   p i e c e   122  i s  
t r a n s f e r r e d   to  t h e   l o w e r   t u b e   p i e c e   122 .   T h e n ,   t h e  
s h e a r i n g   f o r c e   in  t h e   l o w e r   t u b e   p i e c e   122  i s   t r a n s f e r r e d  

25  v i a   t h e   i n n e r   f l a n g e   96  to  t h e   c o r e   28.   S h e a r i n g   f o r c e  
in  t h e   u p p e r   t u b e   p i e c e   120  i s   no t   t r a n s f e r r e d   to   t h e  
l o w e r   t u b e   p i e c e   122  b e c a u s e   of  t h e   gap  36.   T h a t   i s ,  
a c c o r d i n g   to   t h e   same  r e a s o n   as  t h e   e m b o d i m e n t   in  FIG.  8 ,  
l a t e r a l   c o n f i n e m e n t   of  t he   t u b e   p i e c e s   120  and  122  w h i c h  

30  i s   p r o v i d e d   on  t he   c o r e   28  i s   e n h a n c e d .  
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In  p l a c e   of  t h e   i n n e r   f l a n g e   96,   a  c r o s s - s h a p e d  

member   may  be  w e l d e d   at   i t s   e n d s   to   one  of  t he   o p p o s i t e  

e n d s   84a  and  84b  of   t h e   j o i n i n g   t u b e   84 .   T h i s  

c r o s s - s h a p e d   member  i s   f o r m e d ,   f o r   e x a m p l e ,   by  a  p a i r   o f  

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

c r o s s   s h a p e .   The  i n n e r   f l a n g e   96  as  w e l l   as  t h e  

c r o s s - s h a p e d   member   may  be  w e l d e d   t o   t h e   i n n e r   f a c e   o f  

t h e   j o i n i n g   t u b e   84  i n s t e a d   of   b e i n g   w e l d e d   to   one  of  t h e  

o p p o s i t e   e n d s   of  t h e   j o i n i n g   t u b e   84.   A l s o ,   t h e   o u t e r  

10  f l a n g e s   108  and  110  may  be  w e l d e d   t o   t h e   o u t e r   f a c e s   o f  

t h e   t u b e   p i e c e s   i n s t e a d   of  b e i n g   w e l d e d   to   t he   a d j a c e n t  

e n d s   of  t h e   t u b e   p i e c e s .   A  p l i a n t   member   made  of  f o a m  

p o l y s t y r e n e   or   c l a y   may  be  e m p l o y e d   in  p l a c e   of  t h e  

p l i a n t   member   1 0 4 .  

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

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

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

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

p r e s e n t   i n v e n t i o n   s h o u l d   be  d e f i n e d   o n l y   by  t h e   a p p e n d e d  

20  c l a i m s   and  e q u i v a l e n t s   t h e r e o f .  



0 2 1 4 8 0 0  

- 1 7 -  

CLAIMS: 

1.  A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   c o m p r i s i n g :  

a  s t e e l   t u b e   h a v i n g   an  i n n e r   f a c e ;  

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

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

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

so  t h a t   t h e   s t e e l   t u b e   i s   no t   b o n d e d   to   t h e   c o r e ;  
s a i d   s t e e l   t u b e   i n c l u d i n g   a  p a i r   of  t u b e   p i e c e s  

10  c o a x i a l l y   a l i g n e d   w i t h   a d j a c e n t   e n d s   t h e r e o f   s p a c e d   a p a r t  
so  t h a t   a  r i n g - s h a p e d   gap  i s   f o r m e d   b e t w e e n   t h e   a d j a c e n t  
ends   of  s a i d   t u b e   p i e c e s ,   s a i d   gap  a b s o r b i n g   t h e   a x i a l  
s t r a i n   in  t h e   s t e e l   t u b e   by  r e d u c i n g   t h e   a x i a l   w i d t h  
t h e r e o f   when  t h e   s t e e l   t u b e   i s   s u b j e c t e d   to   an  a x i a l  

15  c o m p r e s s i v e   l o a d .  

2.  A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   as  r e c i t e d   i n  
C l a i m   1,  w h e r e i n   s a i d   s t e e l   t u b e   f u r t h e r   i n c l u d e s   s p a c i n g  
m e a n s ,   i n t e r p o s e d   b e t w e e n   s a i d   a d j a c e n t   e n d s   of  t h e   t u b e  
p i e c e s ,   f o r   r e t a i n i n g   s a i d   gap  b e t w e e n   s a i d   a d j a c e n t   e n d s  

5  of  t h e   t u b e   p i e c e s   w h i l e   a l l o w i n g   t h e   gap  to  r e d u c e   t h e  
a x i a l   w i d t h   t h e r e o f   when  t h e   s t e e l   t u b e   i s   s u b j e c t e d   t o  
an  a x i a l   c o m p r e s s i v e   l o a d .  

3.  A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   as  r e c i t e d   i n  
C l a i m   2,  w h e r e i n   s a i d   s p a c i n g   means   c o m p r i s e s :   a  
r i n g - s h a p e d   m a t r i x   f i t t i n g   c o n c e n t r i c a l l y   i n t o   s a i d  

r i n g - s h a p e d   g a p ,   s a i d   m a t r i x   h a v i n g   a  l o w e r   c o m p r e s s i v e  
5  s t r e n g t h   and  a  l o w e r   r i g i d i t y   t h a n   t he   t u b e   p i e c e s ;   a n d  

an  e l o n g a t e d   e l e m e n t   e m b e d d e d   w i t h i n   t h e   m a t r i x   a l o n g   t h e  
c i r c u m f e r e n t i a l   d i r e c t i o n   of  t h e   m a t r i x   to   fo rm  a  c o i l  
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w i t h i n   t h e   m a t r i x ,   s a i d   e l o n g a t e d   e l e m e n t   h a v i n g  

a p p r o x i m a t e l y   as  h i g h   t e n s i l e   s t r e n g t h   as  t h e   t u b e  

10  p i e c e s .  

4.  A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   as  r e c i t e d   i n  

C l a i m   1  or   2,  w h e r e i n   s a i d   s t e e l   t u b e   f u r t h e r   i n c l u d e s  

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

w h i l e   a l l o w i n g   t h e   t u b e   p i e c e s   to   be  a x i a l l y   m o v a b l e   i n  

5  r e l a t i o n   to   e a c h   o t h e r .  

5.  A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   as  r e c i t e d   i n  

C l a i m   A,  w h e r e i n   s a i d   c o u p l i n g   means   c o m p r i s e s   a  p i p e  

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

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

5  l e a s t   one  of  t h e   t u b e   p i e c e s .  

6.  A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   as  r e c i t e d   i n  

C l a i m   5,  w h e r e i n   s a i d   p i p e   c o u p l i n g   i n c l u d e s :   a  p i p e   b o d y  

h a v i n g   an  i n n e r   s u r f a c e ,   s a i d   p i p e   body   d e f i n i n g   a  s p a c e  

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

5  an  i n n e r   l a y e r   made  of  t h e   f i l l e r   and  d i s p o s e d   w i t h i n  

s a i d   s p a c e ;   and  a  s e c o n d   s e p a r a t i n g   l a y e r   i n t e r p o s e d  

b e t w e e n   s a i d   i n n e r   l a y e r   and  a t   l e a s t   one  of  t h e   t u b e  

p i e c e s .  

7.  A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   as  r e c i t e d   i n  

C l a i m   4,  w h e r e i n   e a c h   of  s a i d   t u b e   p i e c e s   has   an  i n n e r  

f a c e ,   and  w h e r e i n   s a i d   c o u p l i n g   means   c o m p r i s e s :   a  

j o i n i n g   t u b e   h a v i n g   one  and  t h e   o t h e r   end  p o r t i o n s ,   s a i d  

5  one   end   p o r t i o n   b e i n g   c o a x i a l l y   j o i n e d   to   t h e   i n n e r   f a c e  

of   one   of  t h e   t u b e   p i e c e s ,   t h e   o t h e r   end  p o r t i o n   f i t t i n g  

c o a x i a l l y   to   t he   i n n e r   f a c e   of  t h e   o t h e r   t u b e   p i e c e   s o  
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t h a t   t h e   j o i n i n g   t u b e   i s   a x i a l l y   s l i d a b l e   in   r e l a t i o n   t o  
t h e   o t h e r   t u b e   p i e c e ;   and  l o a d   t r a n s f e r   m e a n s ,   m o u n t e d   o n  

10  t h e   j o i n i n g   t u b e ,   f o r   t r a n s f e r r i n g   an  a x i a l   l o a d   e x e r t e d  
on  one  of   t he   t u b e   p i e c e s   to   s a i d   c o r e .  

8.  A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   as  r e c i t e d   i n  
C l a i m   7,  w h e r e i n   s a i d   l o a d   t r a n s f e r   means   c o m p r i s e s   a n  
i n n e r   f l a n g e   c i r c u m f e r e n t i a l l y   j o i n e d   t o   one  of  t h e  
o p p o s i t e   e n d s   of  s a i d   j o i n i n g   t u b e   to  p r o j e c t   r a d i a l l y  

5  i n w a r d s   . 

9.  A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   as  r e c i t e d   i n  
C l a i m   8,  w h e r e i n   s a i d   c o u p l i n g   means   has   an  u p p e r   end  a n d  
w h e r e i n   s a i d   c o u p l i n g   means   f u r t h e r   c o m p r i s e s   a  p l i a n t  
member   b e i n g   a x i a l l y   p l i a n t ,   s a i d   p l i a n t   m e m b e r  

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

c o u p l i n g   means   f o r   r e d u c i n g   an  a x i a l   c o m p r e s s i v e   l o a d  
e x e r t e d   f rom  s a i d   c o r e   to   s a i d   j o i n i n g   t u b e .  

10.   A  f i l l e r   f i l l e d   s t e e l   t u b e   c o l u m n   as  r e c i t e d   i n  
C l a i m   1,  2,  3,  7,  8  or  9,  w h e r e i n   s a i d   s t e e l   t u b e   f u r t h e r  
c o m p r i s e s   means  f o r   f a s t e n i n g   s a i d   t u b e   p i e c e s   to  e a c h  
o t h e r   w h i l e   a l l o w i n g   t he   t u b e   p i e c e s   to   a p p r o a c h   e a c h  

5  o t h e r   bu t   p r e v e n t i n g   t he   t u b e   p i e c e s   f r o m   g o i n g   away  f r o m  
e a c h   o t h e r ,   s a i d   f a s t e n i n g   means   c o m p r i s i n g :   a  p a i r   o f  
o u t e r   f l a n g e s   c i r c u m f e r e n t i a l l y   j o i n e d   to   t h e   a d j a c e n t  
e n d s   of  t h e   t u b e   p i e c e s   r e s p e c t i v e l y ,   s a i d   o u t e r   f l a n g e s  
p r o j e c t   r a d i a l l y   o u t w a r d s   and  f a c e   e a c h   o t h e r ,   e a c h   o f  

10  t h e   o u t e r   f l a n g e s   h a v i n g   an  i n n e r   f a c i n g   s u r f a c e   and  a n  
o u t e r   s u r f a c e ;   and  a  p l u r a l i t y   of  e n g a g i n g   m e m b e r s ,   e a c h  
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h a v i n g   o p p o s i t e   end   p o r t i o n s ,   s a i d   o p p o s i t e   end  p o r t i o n s ^  

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

o u t e r   f l a n g e s   r e s p e c t i v e l y .  
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