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@  improved  storage  rack  system. 

  An  especially  sturdy  storage  rack  system  employs 
series  of  moment-resisting  eccentric  braced  vertical  frames 
maintained  in  spaced  relation  by  horizontal  frame  members 
in  the  form  of  pallet  bars  on  sway  braces  releasably  coupled 
to  the  frames  by  special  connector  assemblies.  Each  con- 
nector  assembly  includes  a  connector  and  connector  lock 
which  clampingly  engage  about  a  specially  configured  verti- 
cal  frame  column  and  to  each  other  to  produce  a  connection 
or  joint  having  a  high  degree  of  fixity  without  imparting 
excessive  localized  stresses  to  the  column.  An  improved 
mode  of  adjustably  suspending  the  rack  shelving  from  the 
vertical  frames  is  also  disclosed. 



B a c k g r o u n d   of  t he   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  s t o r a g e   r a c k   s y s t e m .   I t  

r e l a t e s   more  p a r t i c u l a r l y   to  a  r a c k   a s s e m b l y   c o m p o s e d   o f  

one  or  more  m o d u l a r   u n i t s   or  b a y s   a r r a n g e d   in  a  s t r a i g h t  

row.   T y p i c a l l y ,   a  g i v e n   s y s t e m   w i l l   c o m p r i s e   s e v e r a l  

s u c h   rows  w i t h   a i s l e s   b e t w e e n   them  to  e n a b l e   s t o c k p e r s o n s  

and  o r d e r   p i c k e r s   to  move  b e t w e e n   t he   rows  and  r e m o v e  

s t o c k   f rom  t he   v a r i o u s   b a y s   fo r   t r a n s f e r   to  a  c e n t r a l  

l o c a t i o n   to  f i l l   o r d e r s .  

The  r a c k   a s s e m b l i e s   can  be  a r r a n g e d   to  s t o r e  

p a l l e t i z e d   l o a d s   or  for   l i v e   s t o r a g e   w h e r e i n   t he   s t o c k   i s  

s u p p o r t e d   on  i n c l i n e d   g r a v i t y - f l o w   s h e l v e s .   In  t h e  

l a t t e r   c a s e ,   r e s t o c k i n g   is  done   a t   t he   b a c k s   of  t h e  

s h e l v e s   and  o r d e r   p i c k i n g   f rom  the   f r o n t s .   The  s t o c k   i s  

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

s h e l f   f r o n t s   a s s u r i n g   s t o r a g e   on  a  f i r s t - i n ,   f i r s t - o u t  

b a s i s .   Such  r a c k   a s s e m b l i e s   a l s o   p r o v i d e   f l e x i b l e  

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

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

minimum  e r r o r   of  o r d e r   p i c k i n g ,   and  s i m p l i f i c a t i o n   o f  

s t o c k   c o n t r o l .   An  e x a m p l e   of  such   a  g r a v i t y - f l o w   s t o r a g e  
r a c k   a s s e m b l y   i s   d i s c l o s e d   in  U.S .   P a t e n t   3 , 9 0 0 , 1 1 2 .  

T h e r e   a r e   a  number   of  d e s i g n   c r i t e r i a   w h i c h   s u c h  

r a c k   s y s t e m s   s h o u l d   m e e t ,   many  of  w h i c h   a r e   m u t u a l l y  

a n t a g o n i s t i c .   More  p a r t i c u l a r l y ,   the   s y s t e m   s h o u l d   b e  

c a p a b l e   of  p r o v i d i n g   b o t h   c a r t o n   f l o w   and  p a l l e t   f l o w   a s  
w e l l   as  r e s e r v e   p a l l e t   s t o r a g e   in  a  w ide   v a r i e t y   of  f l o o r  

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

p a r t s .   A l s o ,   t he   c o m p o n e n t s   of  t he   s y s t e m   s h o u l d   b e  

c a p a b l e   of  b e i n g   a s s e m b l e d   r e l a t i v e l y   q u i c k l y   w i t h o u t   a n y  
s p e c i a l   t o o l s   or  e q u i p m e n t .   Y e t ,   when  a s s e m b l e d ,   t h o s e  

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

s t r u c t u r e   or  a s s e m b l y   wh ich   is   c a p a b l e   of  s u p p o r t i n g  

h e a v y   l o a d s   and  w h i c h   is   v e r y   s t a b l e   and  a b l e   t o  



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

l o a d i n g   s t o r e s   o n t o   t h e   r a c k   s h e l v e s ,   h o r i z o n t a l  

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

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

b e t w e e n   t h e   c o m p o n e n t s   of  t he   r a c k   s y s t e m   a r e   e s s e n t i a l  

to   a v o i d   a c c i d e n t a l   d i s c o n n e c t i o n   or  d i s l o c a t i o n   of  r a c k  

p a r t s .   F u r t h e r   e c o n o m i c   c o n s i d e r a t i o n s   d i c t a t e   t h a t   s u c h  

maximum  r i g i d i t y ,   e a s e   of  i n s t a l l a t i o n   and  e c o n o m y   o f  

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

o p e r a t i o n s   so  t h a t   t he   s t o r a g e   r a c k   s y s t e m   can  b e  

a s s e m b l e d   on  s i t e   by  the   p u r c h a s e r   of  t he   s y s t e m   w i t h o u t  

any  s p e c i a l   t r a i n i n g   by  f o l l o w i n g   s i m p l e   i n s t r u c t i o n s .  

W h i l e   t he   r a c k   a s s e m b l i e s   of  w h i c h   we  a r e   a w a r e ,  

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

s a t i s f y   some  of  t he   a b o v e   c r i t e r i a ,   t h e y   do  n o t - s a t i s f y  

a l l   of  t he   m u t u a l l y   a n t a g o n i s t i c   r e q u i r e m e n t s   fo r   p r e s e n t  

day  r a c k   s y s t e m s ,   p a r t i c u l a r l y   t h o s e   e x t e n d i n g   up  t w o ,  

t h r e e ,   f o u r   or  more  l e v e l s .   In  some  c a s e s ,   t he   v e r t i c a l  

f r a m e s   a r e   no t   s t r o n g   e n o u g h ;   in  o t h e r s ,   t he   c o n n e c t i o n s  

b e t w e e n   t h e   v a r i o u s   c o m p o n e n t s   of  t he   s y s t e m   a r e   n o t  

r i g i d   or  s e c u r e   e n o u g h .   For  e x a m p l e ,   in  t h e   a s s e m b l y  

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

f r a m e s   c o m p r i s e   c h a n n e l s   h a v i n g   g e n e r a l l y   U - s h a p e d   c r o s s  
s e c t i o n s   m a k i n g   them  s o m e w h a t   s u s c e p t i b l e   to  t o r s i o n a l -  

f l e x u r a l   b u c k l i n g ,   p a r t i c u l a r l y   in  t he   l o n g   l e n g t h s  

r e q u i r e d   f o r   m u l t i p l e   l e v e l   r a c k   s y s t e m s .   A l s o ,   t h e  

h o r i z o n t a l   f r a m e   m e m b e r s   or  sway  b r a c e s   a r e   c o n n e c t e d   t o  

t h e   v e r t i c a l   f r a m e s   by  k e y e d   c o n n e c t i o n s   t h a t   do  n o t  

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

sway  b r a c e s   and  the   v e r t i c a l   f r a m e s .   C o n s e q u e n t l y ,   t h o s e  

p r i o r   r a c k s   a r e   no t   as  r i g i d   and  s t u r d y   as  t h e y   m i g h t   b e ,  

p a r t i c u l a r l y   when  t h e   r a c k s   e x t e n d   up  s e v e r a l   l e v e l s .  

T h e r e   do  e x i s t   r a c k   a s s e m b l i e s   w h i c h   a t t e m p t   t o  

e f f e c t   more   s e c u r e   c o n n e c t i o n s   or  j o i n t s   b e t w e e n   t h e  



h o r i z o n t a l   and  v e r t i c a l   f r a m e   m e m b e r s   of  t h o s e   a s s e m b l i e s  

w i t h   t he   o b j e c t i v e   of  m i n i m i z i n g   sway  and  m a x i m i z i n g   t h e  

r i g i d i t y   of  t he   o v e r a l l   a s s e m b l y .   E x a m p l e s   of  t h o s e  

r a c k s   a r e   d i s c l o s e d   in  U.S .   p a t e n t s   3 , 5 1 0 , 0 1 0 ;   3 , 8 7 1 , 5 2 5 ;  

4 , 0 2 7 , 4 5 3   and  4 , 0 6 4 , 9 9 6 .   They  e m p l o y   s p e c i a l   c o n n e c t o r s  

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

wh ich   hook  i n t o   t h e   v e r t i c a l   f r a m e s   w i t h   t he   o b j e c t i v e   o f  

m i n i m i z i n g   r o t a t i o n   of  t h o s e   m e m b e r s   r e l a t i v e   to  t h e  

v e r t i c a l   f r a m e s   and  t he   c h a n c e s   of  a c c i d e n t a l  

d i s e n g a g e m e n t   of  t he   c o n n e c t o r s   f rom  the   f r a m e s .  

H o w e v e r ,   even  t h o s e   s t r u c t u r e s   a r e   no t   as  r i g i d   a n d  

s e c u r e   as  t h e y   m i g h t   be ,   p a r t i c u l a r l y   when  i n s t a l l e d   i n  

m u l t i p l e   l e v e l   r a c k   s y s t e m s .   The  main   r e a s o n   fo r   t h i s   i s  

t h a t   t he   v e r t i c a l   f r a m e s   a r e   s t i l l   c o m p o s e d   of  o p e n  
c h a n n e l s   and  the   c o n n e c t o r s   b e t w e e n   t he   h o r i z o n t a l   s w a y  
b r a c e s   and  t h o s e   f r a m e s   do  no t   e l i m i n a t e   a l l   r e l a t i v e  

m o t i o n s   b e t w e e n   t he   b r a c e s   and  the   f r a m e s .   M o r e o v e r ,  

when  t he   r a c k s   a r e   s u b j e c t e d   to  h o r i z o n t a l   f o r c e s   t e n d i n g  

to  c a u s e   t he   a s s e m b l y   to  r a c k   or  sway ,   t he   c o n n e c t i o n s  

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

c a u s e   the   w a l l s   of  t he   f r a m e   c h a n n e l s   to  bend  and  t e a r .  

S t i l l   f u r t h e r ,   in  t he   p r i o r   r a c k s ,   t he   m o u n t i n g   of  t h e  

s h e l v i n g   to  t he   v e r t i c a l   f r a m e s   is   no t   as  c o n v e n i e n t   a n d  

a d a p t a b l e   as  i t   m i g h t   b e .  

Summary  of  t he   I n v e n t i o n  

A c c o r d i n g l y ,   t he   p r e s e n t   i n v e n t i o n   a ims   to   p r o v i d e  

an  i m p r o v e d   s t o r a g e   r a c k   s y s t e m .  
A n o t h e r   o b j e c t   of  t he   i n v e n t i o n   is   to  p r o v i d e   a  r a c k  

s y s t e m   w h i c h   is   u n u s u a l l y   r i g i d ,   s t u r d y   and  m o m e n t -  

r e s i s t i n g   even   when  i t   e x t e n d s   up  to  m u l t i p l e   l e v e l s .  

A  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   i s   to   p r o v i d e   a 

r a c k   s y s t e m   w h i c h   i s   c o m p o s e d   of  a  min imum  number   o f  

d i f f e r e n t   p a r t s .  



S t i l l   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to   p r o v i d e  

a  s y s t e m   s u c h   as  t h i s   w h i c h   can  be  o r g a n i z e d   in  a  v a r i e t y  

of  d i f f e r e n t   ways  to   a d a p t   to  d i f f e r e n t   f l o o r   l a y o u t s .  

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

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

r e l a t i v e l y   u n s k i l l e d   p e r s o n n e l   w i t h o u t   any  s p e c i a l   t o o l s .  

Yet  a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to  p r o v i d e  

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

h o r i z o n t a l   and  v e r t i c a l   f r a m e   m e m b e r s   of  a  s t o r a g e   r a c k .  

A  f u r t h e r   o b j e c t   i s   to  p r o v i d e   such   a  s y s t e m   w h o s e  

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

f rom  t h e   v e r t i c a l   f r a m e s   w h i c h   s u p p o r t   t h e m .  

A n o t h e r   o b j e c t   i s   to  p r o v i d e   i m p r o v e d   c o n n e c t i o n s   o f  

t h i s   t y p e   w h i c h   m i n i m i z e   s t r e s s e s   on  t h e   v e r t i c a l   f r a m e  

m e m b e r s   a t   t he   s i t e s   of  t he   c o n n e c t i o n s .  

A  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   i s   to  p r o v i d e   a 

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

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

S t i l l   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to  p r o v i d e  

a  s t o r a g e   r a c k   c a p a b l e   of  s u p p o r t i n g   a  maximum  number   o f  

s h e l f   u n i t s   o v e r   i t s   v e r t i c a l   e x t e n t .  

O t h e r   o b j e c t s   w i l l ,   in  p a r t ,   be  o b v i o u s   and  w i l l ,   i n  

p a r t ,   a p p e a r   h e r e i n a f t e r .  

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

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

p a r t s   w h i c h   w i l l   be  e x e m p l i f i e d   in  t he   f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n ,   and  t h e   s c o p e   of  t he   i n v e n t i o n   w i l l   b e  

i n d i c a t e d   in  t he   c l a i m s .  

In  g e n e r a l ,   t h e   p r e s e n t   r a c k   s y s t e m   i s   made  up  o f  

one  or  more   r a c k   a s s e m b l i e s   e a c h   of  w h i c h   f o r m s   one  o r  

more   r a c k   u n i t s   or  b a y s .   Each  r a c k   a s s e m b l y   c o m p r i s e s   a 
s e r i e s   of  two  or  more  s p a c e d - a p a r t   s p e c i a l   m o m e n t -  

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



t o g e t h e r   a t   t h e i r   f r o n t s   and  b a c k s   by  a  s e r i e s   o f  

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

b a r s   a n d / o r   sway  b r a c e s   w h i c h   m a i n t a i n   t he   s p a c i n g  

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

s w a y i n g   or  l e a n i n g   to  one  s i d e   or  t he   o t h e r .   In  t h e  

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

a r r a n g e d   in  s t r a i g h t   rows  s e p a r a t e d   by  a i s l e s .  

A  r a c k   s y s t e m   u s u a l l y   i n c l u d e s   one  or  more  r a c k  

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

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

s h e l f   u n i t s   m o u n t e d   in  the   b a y s   b e t w e e n   a d j a c e n t   v e r t i c a l  

f r a m e s   and  on  w h i c h   s t o c k   or  m e r c h a n d i s e   may  be  p l a c e d .  

The  s h e l f   u n i t s   may  be  of  the   g r a v i t y - f l o w   t y p e   or  t h e  

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

e m p l o y e d   in  a  t y p i c a l   s y s t e m .   As  u s u a l ,   t he   g r a v i t y - f l o w  

s h e l f   u n i t s   e n a b l e   p i c k e r s   and  s t o c k p e r s o n s   to  wa lk   u p  
and  down  the   a i s l e   in  f r o n t   of  the   s h e l v e s   and  p i c k   s t o c k  

from  t he   c a r t o n s   t h e r e o n   w i t h   maximum  e a s e   and  m i n i m u m  

p i c k i n g   e r r o r .   R e s t o c k i n g   of  t he   v a r i o u s   s h e l v e s  

p r o c e e d s   in  t he   a i s l e   b e h i n d   the   s h e l v e s   so  t h a t   t h e  

r e s t o c k i n g   p r o c e s s   d o e s   no t   i n t e r f e r e   w i t h   t he   p i c k i n g   o r  

o r d e r   s e l e c t i o n   g o i n g   on  in  f r o n t   of  t he   s h e l v e s .  

A  g i v e n   s y s t e m   may  a l s o   i n c l u d e   one  or  more  r a c k  

a s s e m b l i e s   fo r   s t o r i n g   g o o d s   s t a c k e d   o n  p a l l e t s .   T h i s  

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

f r a m e   member s   or  p a l l e t   b a r s   p o s i t i o n e d   b e t w e e n   t h e  

v e r t i c a l   f r a m e s   and  on  w h i c h   t h e   p a l l e t s   r e s t .   I t   i s  

u s e d   f o r   r e s e r v e   s t o r a g e   or  as  a  s t a g i n g   a r e a   r a c k   f o r  

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

u n i t s   of  t he   f i r s t   m e n t i o n e d   a s s e m b l i e s .   Thus  in  a  

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

on  the   o p p o s i t e   s i d e   of  t he   a i s l e   a t   t he   r e a r   of  t h e  

g r a v i t y   f l o w   s h e l v i n g   so  t h a t ,   when  m e r c h a n d i s e   i s  

d e p l e t e d   a t   p a r t i c u l a r   g r a v i t y   f l o w   s h e l v e s ,   t h e  



s t o c k p e r s o n s   can   t r a n s f e r   f r e s h   m e r c h a n d i s e   f rom  t h e  

p a l l e t   r a c k s   a c r o s s   t h e   a i s l e   to   t h e   b a c k s   of  t h e   e m p t y  

g r a v i t y - f l o w   s h e l v e s .   Wi th   t h i s   a r r a n g e m e n t ,   a t   e a c h  

r a c k   a s s e m b l y   row  of  t h e   r a c k   s y s t e m ,   t h e   o r d e r   s e l e c t i o n  

and  p i c k i n g   can  p r o c e e d   c o m p l e t e l y   i n d e p e n d e n t l y   of  t h e  

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

The  r a c k   a s s e m b l i e s   of  t h e   s y s t e m   can  e x t e n d   up  t w o ,  

t h r e e   or  even   more   l e v e l s   to   form  m e z z a n i n e s   w i t h   a c c e s s  

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

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

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

a s s e m b l i e s   c o m p r i s i n g   t he   r a c k   s y s t e m .   U s u a l l y ,   t h e s e  

f r a m e s   e x t e n d   a l l   t he   way  f rom  t h e   f l o o r   to  t h e   top   o f  

t he   p a r t i c u l a r   a s s e m b l y ,   a d j a c e n t   f r a m e s   b e i n g   c o n n e c t e d  

t o g e t h e r   and  r i g i d i f i e d   o v e r   t h e i r   e n t i r e   h e i g h t s   by  t h e  

h o r i z o n t a l   p a l l e t   b a r s   a n d / o r   sway  b r a c e s   t h u s   a s s u r i n g  

t h e   s t r u c t u r a l   i n t e g r i t y   of  t he   s y s t e m   as  a  w h o l e .  

Each  v e r t i c a l   f r a m e   of  t h e   p r e s e n t   s y s t e m   is   a 

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

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

s p e c i a l l y   d e s i g n e d   to  w i t h s t a n d ,   in  a d d i t i o n   to  a x i a l  

f o r c e s   due  to   t h e   g r a v i t y   l o a d s   on  t h e m ,   t w i s t i n g   a n d  

r a c k i n g   f o r c e s   t h a t   m i g h t   be  i m p o s e d   upon  them  d u r i n g   t h e  

u s e f u l   l i f e   of  t h e   s y s t e m   due  to  f a c t o r s   s u c h   as  i m p a c t s  

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

and  t he   l i k e .   More  p a r t i c u l a r l y ,   each   s u p p o r t   c o l u m n   i s  

a  box  g i r d e r   f o r m e d   as  a  h o l l o w   I - b e a m   whose   o p p o s i t e  

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

a p a r t   f r om  one  a n o t h e r .   T h i s   c l o s e d   c o l u m n   c o n s t r u c t i o n  

p r o v i d e s   g r e a t   s t r e n g t h   and  s t i f f n e s s   to   a  m e m b e r  

r e q u i r e d   to  c a r r y   c o m b i n e d   a x i a l ,   b e n d i n g   and  t o r s i o n a l  

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

t he   n o r m a l   t e n d e n c y   of  l o n g   c o l u m n s   to  f a i l   by  t o r s i o n a l -  



f l e x u r a l   b u c k l i n g ,   a  t e n d e n c y   t h a t   p l a g u e s   v i r t u a l l y   a l l  

o t h e r   r a c k   c o l u m n s .  

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

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

r e l e a s a b l e   c o n n e c t i o n s   or  j o i n t s   b e t w e e n   t he   h o r i z o n t a l  

sway  b r a c e s   and  p a l l e t   b a r s   and  the   c o l u m n s   c o m p r i s i n g  

each   r a c k   a s s e m b l y   of  t he   s y s t e m .   T h e s e   c o n n e c t i o n s  

b e t w e e n   the   h o r i z o n t a l   member s   and  the   c o l u m n s ,   w h i c h  

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

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

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

and  l a t e r a l   f o r c e s .   T h u s ,   in  t h i s   r a c k   s y s t e m ,   e a c h  

h o r i z o n t a l   sway  b r a c e   and  p a l l e t   bar   i s   t e r m i n a t e d   b y  

e l o n g a t e d   c o n n e c t o r s   a r r a n g e d   to  be  r e l e a s a b l y   e n g a g e d   t o  

t he   two  v e r t i c a l   f r a m e   c o l u m n s   b e t w e e n   w h i c h   the   b r a c e   o r  

bar   e x t e n d s .   Each  c o n n e c t o r   i s   c h a n n e l   s h a p e d ,   h a v i n g   a 

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

t he   a d j a c e n t   v e r t i c a l   s u p p o r t   c o l u m n   and  a  n a r r o w   l i m b  

s p a c e d   f rom  t he   wide   l i m b   w h i c h   is   a r r a n g e d   to  e n g a g e  

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

s u p p o r t   c o l u m n .   The  l ong   e d g e s   of  t he   two  c o n n e c t o r  

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

d o w n w a r d l y   open  h o o k s .   The  h o o k s   on  t he   n a r r o w   c o n n e c t o r  

l imb   a r e   a r r a n g e d   to  e n g a g e   in  a  s e r i e s   of  v e r t i c a l l y  

s p a c e d   f r a m i n g   s l o t s   f o r m e d   in  t he   f r o n t   or  r e a r   w a l l   o f  

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

h o o k s   on  the   w ide   l i m b   e x t e n d   b e y o n d   t h e   a b u t t i n g   c o l u m n  

s i d e   w a l l .  

The  o t h e r   c o m p o n e n t   of  each   c o n n e c t o r   a s s e m b l y   is   a n  
I  L - s h a p e d   c o n n e c t o r   l o c k   a r r a n g e d   to  be  e n g a g e d   a b o u t   t h e  

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

w a l l .   One  l eg   of  t he   c o n n e c t o r   l o c k   i s   f o r m e d   w i t h   a  
s e r i e s   of  v e r t i c a l l y   s p a c e d   s l o t s   fo r   r e c e i v i n g   the   h o o k s  

e x t e n d i n g   f rom  the   c o n n e c t o r .   The  o t h e r   l e g   c a r r i e s   a  



s e r i e s   of  v e r t i c a l l y   s p a c e d ,   d o w n w a r d l y   open  h o o k s .  

T h e s e   a r e   a r r a n g e d   to   be  r e c e i v e d   in  a  s e r i e s   o f  

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

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

l o c k   l e g .   As  w i l l   be  d e s c r i b e d   in  more   d e t a i l   l a t e r ,   t h e  

c o n n e c t o r   and  c o n n e c t o r   l o c k   h o o k s   and  t h e i r   v a r i o u s  

r e c e i v i n g   s l o t s   a r e   s h a p e d   and  a r r a n g e d   so  t h a t ,   when  t h e  

h o o k s   a r e   s e a t e d   in  t h e i r   r e s p e c t i v e   s l o t s   and  t h e  

c o n n e c t o r ,   or  more   p a r t i c u l a r l y   t h e   sway  b r a c e   or  p a l l e t  

ba r   a t t a c h e d   t h e r e t o ,   i s   s u b j e c t e d   to  a  v e r t i c a l   l o a d ,  

t h e   c o n n e c t o r   and  l o c k   a r e   d rawn   t o w a r d   one  a n o t h e r   a n d  

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

c o l u m n .   T h i s   g i v e s   r i s e   to  a  w e d g i n g   a c t i o n   b e t w e e n   t h e  

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

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

a b u t t i n g   s i d e   w a l l   of  t he   c o l u m n .   T h u s ,   t he   p r e s e n t  
c o n n e c t i o n   a s s e m b l y   c r e a t e s   a  j o i n t   b e t w e e n   t he   s w a y  

b r a c e   or  p a l l e t   bar   and  t h e   c o l u m n   h a v i n g   a  v e r y   h i g h  

d e g r e e   of  s o - c a l l e d   f i x i t y ,   m e a n i n g   t h a t   up  and  down,   a s  

w e l l   as  f o r e   and  a f t   r o t a t i o n s   of  t h e   sway  b r a c e s   o r  

p a l l e t   b a r s   r e l a t i v e   to   t he   v e r t i c a l   c o l u m n   a r e  

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

l o n g i t u d i n a l   a x i s   of  t he   b r a c e   or  b a r .   A l s o   p r e v e n t e d  

a r e   v e r t i c a l   t r a n s l a t i o n s ,   f o r e   and  a f t   t r a n s l a t i o n s   a n d  

a x i a l   m o v e m e n t s   of  t h e   sway  b r a c e   or  b a r .   S t i l l ,   due  t o  

i t s   u n i q u e   c o n n e c t o r - l o c k   c l a m p i n g   a c t i o n ,   t he   c o n n e c t o r  

a s s e m b l y   d o e s   no t   s u b j e c t   t he   c o l u m n   w a l l s   a t   t h e  

c o n n e c t i o n   s i t e   to  e x c e s s i v e   s t r e s s e s   w h i c h   m i g h t   t e n d   t o  

t e a r   or  bend  t h o s e   w a l l s .  

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

s e v e r a l   c o s t - r e d u c i n g   f e a t u r e s .   For  e x a m p l e ,   t he   p a l l e t  

b a r s   w h i c h   a r e   r e q u i r e d   to  s u p p o r t   h e a v y   p a l l e t   l o a d s   a r e  

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

l o c a t i o n s   s u b j e c t e d   to   mos t   s t r e s s   so  t h a t   t he   b a r s   a r e  



e x t r e m e m l y   r e s i s t a n t   to  b e n d i n g   f o r c e s .   Yet   e a c h   bar   i s  

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

c h a n n e l s   w h i c h   snap   t o g e t h e r .   F u r t h e r m o r e ,   one  of  t h e  

bar   c o m p o n e n t s   d o u b l e s   as  t he   sway  b r a c e   f o r   t he   p r e s e n t  

s y s t e m .   A l s o ,   t he   v e r t i c a l   f r a m e s   of  t he   r a c k   a s s e m b l i e s  

r e s t   on  f o o t p l a t e s   w h i c h   a r e   s e p a r a b l e   f rom  the   f r a m e s  

e n a b l i n g   t he   f r a m e s   to  be  s t a c k e d   c l o s e l y   so  t h a t   l e s s  

s p a c e   is   r e q u i r e d   when  s h i p p i n g   t he   f r a m e s   to  t h e  

i n s t a l l a t i o n   s i t e .   In  a d d i t i o n ,   t he   s y s t e m ' s   s h e l f   u n i t s  

a r e   a l s o   s t a c k a b l e .   F u r t h e r m o r e ,   t h e y   a r e   a d j u s t a b l y ,  
bu t   s e c u r e l y ,   s u s p e n d e d   f rom  t he   v e r t i c a l   f r a m e s   in  s u c h  

a  way  t h a t   a  maximum  number   of  s u c h   u n i t s   can  b e  

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

or  s t o c k   s u p p o r t e d   on  t h o s e   u n i t s .  

Wi th   a l l   of  the   a b o v e   a d v a n t a g e s ,   the   v a r i o u s  

c o m p o n e n t s   of  t he   r a c k   s y s t e m   can  s t i l l   be  a s s e m b l e d  

q u i t e   e a s i l y   by  p e r s o n n e l   a t   the   i n s t a l l a t i o n   s i t e  

w i t h o u t   t h e i r   r e q u i r i n g   any  s p e c i a l   t o o l s .   A l s o ,   i f   a 

p a r t i c u l a r   s y s t e m   has   to  be  d i s a s s e m b l e d   or  r e a r r a n g e d ,  

t h a t   can  a l s o   be  done   q u i t e   r e a d i l y   s i m p l y   by  r e l e a s i n g  

s p e c i a l   k e e p e r   c l i p s   to  be  d e s c r i b e d   and  s t r i k i n g   u p w a r d  
b l o w s   to  t he   e n d s   of  t he   sway  b r a c e s   to  r e l e a s e   t h e  

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

w h i c h   t h e y   a r e   c l a m p e d .  

T h u s ,   t he   p r e s e n t   s t o r a g e   r a c k   s y s t e m   s h o u l d   f i n d  

wide   a p p l i c a t i o n   w h e r e v e r   t he   s t o r a g e   of  s t o c k   o r  

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

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

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

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



B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

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

of  t h e   i n v e n t i o n ,   r e f e r e n c e   s h o u l d   be  had  to  t h e  

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

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

FIG.  1  i s   a  f r a g m e n t a r y   p e r s p e c t i v e   v i e w   of  a  

s t o r a g e   r a c k   s y s t e m   e m b o d y i n g   t he   f e a t u r e s   of  t h i s  

i n v e n t i o n ;  

FIG.   2  i s   a  f r a g m e n t a r y   p e r s p e c t i v e   v i e w   on  a  m u c h  

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

s y s t e m   in  g r e a t e r   d e t a i l ;  

FIG.  3  i s   an  e x p l o d e d   f r a g m e n t a r y   p e r s p e c t i v e   v i e w  

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

b e t w e e n   t h e   p a l l e t   b a r s   and  sway  b r a c e s   and  the   v e r t i c a l  

f r a m e s   of  t h e   FIG.  1  s y s t e m ;   a n d  

FIG.  4  i s   a  f r a g m e n t a r y   p e r s p e c t i v e   v i ew   on  an  e v e n  

l a r g e r   s c a l e   i l l u s t r a t i n g   t he   mode  of  a d j u s t a b l y   m o u n t i n g  

t h e   g r a v i t y   f l o w   s h e l f   u n i t s   of  t he   FIG.  1  s y s t e m   to  t h e  

v e r t i c a l   f r a m e s   t h e r e o f .  

D e s c r i p t i o n   of  t he   P r e f e r r e d   E m b o d i m e n t  

R e f e r   now  to  FIG.  1  of  t he   d r a w i n g s   w h i c h   shows   a 

t y p i c a l   s t o r a g e   r a c k   s y s t e m   10  made  in  a c c o r d a n c e   w i t h  

t h i s   i n v e n t i o n   and  h a v i n g   a  l a y o u t   t h a t   m i g h t   be  u s e d   i n  

a  w a r e h o u s e ,   f o r   e x a m p l e .   S y s t e m   10  i s   c o m p o s e d   of  a  

number   of  k n o c k - d o w n   r a c k   a s s e m b l i e s   12  a r r a n g e d   i n  

p a r a l l e l   rows   Rl ,   R2,  e t c .   s e p a r a t e d   by  a i s l e s   Al ,   A 2 ,  
e t c .   For  s p a c e   r e a s o n s ,   t h e   a s s e m b l i e s   12  a r e   shown  a s  

b e i n g   o n l y   two  u n i t s   or  b a y s   l o n g .   In  a c t u a l   p r a c t i c e ,  

t h e r e   w o u l d   be  many  b a y s   in  e a c h   a s s e m b l y .  

The  r a c k   a s s e m b l i e s   12  may  a l l   be  s i t u a t e d   a t   f l o o r  

l e v e l   o r ,   as  shown  in  FIG.  1,  t h e y   may  e x t e n d   up  m o r e  

t h a n   one  l e v e l   d e p e n d i n g   upon  t h e   h e i g h t   of  t h e   b u i l d i n g  

in  w h i c h   t h e   s y s t e m   is   l o c a t e d   and  the   r e q u i r e m e n t s   o f  



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

g i r d e r s   16  a r e   s p a c e d   a l o n g   e a c h   a i s l e   w i t h   t h e i r  

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

a s s e m b l i e s   12  on  o p p o s i t e   s i d e s   of  t he   a i s l e ,   u s u a l l y   a t  

a  n o r m a l   c e i l i n g   h e i g h t ,   e . g .   9  f e e t .   F l o o r   j o i s t s   17 

a r e   s u s p e n d e d   by  s a d d l e   b r a c k e t s   17a  f rom  t h e s e   t r u s s e s  

and  a  deck   18,  c o m p o s e d   of  p l y w o o d   p a n e l s ,   f o r   e x a m p l e ,  

i s   l a i d   down  on  t he   j o i s t s   to  d e f i n e   each   l e v e l   o r  

m e z z a n i n e   a b o v e   the   f l o o r .  

As  shown  in  FIG.  1,  each   deck   18  is   e x t e n d e d   a t   1 8 a  

b e y o n d   t he   e n d s   of  t he   rows  of  r a c k   a s s e m b l i e s   so  t h a t  

p e r s o n n e l   can  walk   f rom  one  a i s l e   to  t he   o t h e r   on  t h e  

u p p e r   l e v e l s   of  t he   s y s t e m .   The  deck   e x t e n s i o n   18a  i s  

s u p p o r t e d   by  a d d i t i o n a l   t r u s s e s   16  s u s p e n d e d   f r o m  

v e r t i c a l   c o l u m n s   ( n o t   shown)   e x t e n d i n g   down  to  t he   f l o o r  

b e y o n d   t he   end  of  each   r a c k   a s s e m b l y   12.  A c c e s s   to  e a c h  

u p p e r   l e v e l   or  m e z z a n i n e   is  had  by  a  s t a i r c a s e   22  w h o s e  

u p p e r   end  is   r e m o v a b l y   c o u p l e d   to  a  s u i t a b l e   beam  ( n o t  

shown)   s u p p o r t e d   by  a d j a c e n t   t r u s s e s   16.  The  s t a i r c a s e  

22  i s   a  w e l d e d - t o g e t h e r   u n i t   h a v i n g   s t e p s   22a  and  a  s i d e  

r a i l i n g   22b  and  i t s   l o w e r   end  r e s t s   on  t he   f l o o r   or  t h e  

n e x t   l o w e r   l e v e l   of  t he   s y s t e m   10.  To  a v o i d   a c c i d e n t s ,  

h o r i z o n t a l   beams  or  r a i l i n g s   24  a r e   r e m o v a b l y   c o u p l e d  

b e t w e e n   t he   r a c k   a s s e m b l i e s   12  a t   t he   b e g i n n i n g s   of  t h e  

a i s l e s .   S i m i l a r   r a i l i n g s   24  e x t e n d   b e t w e e n   t he   u p p e r  

e n d s   of  t he   c o l u m n s   s u p p o r t i n g   the   deck   e x t e n s i o n   1 8 a  

b e y o n d   t he   e n d s   of  t he   a i s l e s .  

T h e r e   a r e   s e v e r a l   d i f f e r e n t   t y p e s   and  s i z e s   of  r a c k  

a s s e m b l i e s   12,   some  or  a l l   of  w h i c h   may  be  p r e s e n t   in  a 

p a r t i c u l a r   i n s t a l l a t i o n .   In  t he   s y s t e m   10  s p e c i f i c a l l y  

i l l u s t r a t e d   in  FIG.  1,  row  R1  c o n t a i n s   a  p a l l e t   s t o r a g e  
r a c k   a s s e m b l y   12a  commonly   u sed   f o r   r e s e r v e   s t o r a g e   t o  

s u p p o r t   p a l l e t s   P  l o a d e d   w i t h   c a r t o n s   C  of  s t o c k   b e i n g  
w a r e h o u s e d .   The  a s s e m b l y   12a  e x t e n d s   f rom  the   g r o u n d   t o  



t h e   t o p   of  s y s t e m   10.  Row  R2  c o n t a i n s   a  g r a v i t y   f l o w  

r a c k   a s s e m b l y   12b  t h a t   a l s o   e x t e n d s   f rom  t h e   f l o o r   to   t h e  

t o p   of  t h e   s y s t e m .   T h a t   i s ,   t h e   c a s e s   C  s t o r e d   in  t h e  

a s s e m b l y   12b  a u t o m a t i c a l l y   f e e d   to  t h e   f r o n t   of  t h e  

a s s e m b l y   so  t h a t   f r e s h   s t o c k   i s   a c c e s s i b l e   to   t h e  

s t o c k m e n   m o v i n g   up  and  down  a i s l e   A2.  T h i s   t y p e   a s s e m b l y  

is   m o s t   s u i t a b l e   f o r   p i c k i n g   f u l l   c a s e s   or  c a r t o n s   C  o r  

f o r   p i c k i n g   s m a l l   s t o c k   or  m e r c h a n d i s e   f rom  open  c a s e s   C 

s t o r e d   t h e r e i n .   In  t h i s   s y s t e m ,   t h e n ,   t he   row  Rl  r a c k  

a s s e m b l y   may  c o n t a i n   r e s e r v e   s t o r a g e   to  e n a b l e  

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

g r a v i t y - f l o w   r a c k   a s s e m b l i e s   12b  in  row  R2  f rom  the   b a c k  

so  t h a t   s u c h   a c t i v i t y   d o e s   no t   i n t e r f e r e   w i t h   t h e   p i c k i n g  

and  o r d e r   f i l l i n g   b e i n g   c a r r i e d   o u t   in  a i s l e   A2.  In  a 
t y p i c a l   s y s t e m   10,   t h e r e   may  be  a n o t h e r   g r a v i t y . f l o w   r a c k  

a s s e m b l y   12b  on  t h e   o p p o s i t e   s i d e   of  a i s l e   A2  f e e d i n g  
c a r t o n s   C  t o w a r d   t h a t   a i s l e   f o r   p i c k i n g   and  a  p a l l e t  

s t o r a g e   r a c k   a s s e m b l y   s i m i l a r   to  a s s e m b l y   12a  s p a c e d  

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

g r a v i t y   f l o w   r a c k   a s s e m b l y .  

S t i l l   r e f e r r i n g   to  FIG.  1  of  t h e   d r a w i n g s ,   r a c k  

a s s e m b l y   12a  c o m p r i s e s   a  s e r i e s   of  t h r e e   v e r t i c a l   f r a m e s  

shown  g e n e r a l l y   a t   32  w h i c h   s u p p o r t   a  s e r i e s   o f  

v e r t i c a l l y   s p a c e d   h o r i z o n t a l   p a l l e t   b a r s   33  a t   t h e   f r o n t  

and  r e a r   of  e a c h   b a y .   In  some  r a c k   a s s e m b l i e s   12a ,   t h e  

l o w e s t   p a l l e t   b a r s   33  a r e   o m i t t e d   so  t h a t   t h e   l o a d e d  

p a l l e t s   P  r e s t   on  t he   f l o o r .   Each  v e r t i c a l   f r a m e   3 2  

shown  in  F IG.   1  and  in  g r e a t e r   d e t a i l   in  FIG.   2  i n c l u d e s  

a  p a i r   of  s p a c e d - a p a r t   s u p p o r t   c o l u m n s   34  r i g i d l y  

c o n n e c t e d   by  a  s e r i e s   of  v e r t i c a l l y   s p a c e d   h o r i z o n t a l  

beams   36,  in  t h e   fo rm  of  box  g i r d e r s   whose   o p p o s i t e   e n d s  

a r e   w e l d e d   to   c o l u m n s   34.   P r e f e r a b l y ,   t h e   l o w e s t   beam  36  

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

t he   a s s o c i a t e d   c o l u m n s   34.  In  a d d i t i o n ,   e a c h   v e r t i c a l  



f r a m e   i n c l u d e s   d i a g o n a l   b o x - f r a m e - t y p e   b r a c e s   38  b e t w e e n  

a d j a c e n t   beams  36  whose   o p p o s i t e   e n d s   a r e   w e l d e d   to  t h o s e  

b e a m s .   H o w e v e r ,   i n s t e a d   of  b e i n g   c o n n e c t e d   a t   or  v e r y  

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

c o n n e c t e d   a t   l o c a t i o n s   40  o f f s e t   or  s p a c e d   i n w a r d   a l o n g  

t he   beams  f rom  t he   beam  c o n n e c t i o n s   to  t he   c o l u m n s   a 

u n i q u e   d i s t a n c e   fo r   e a c h   s i z e   r a c k   f r a m e   32.   T h e s e  

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

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

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

e x p e r i e n c e   b e n d i n g   d e f o r m a t i o n   even   to  a  l i m i t e d   e x t e n t  

in  t he   p l a s t i c   r a n g e   b e y o n d   i t s   e l a s t i c   l i m i t .   T h i s  

a l l o w s   t he   r a c k   a s s e m b l y   to  s u r v i v e   h o r i z o n t a l   i n e r t i a l  

l o a d s   i m p o s e d   upon  i t   due  to  b u i l d i n g   v i b r a t i o n s ,  

e a r t h q u a k e s   and  the   l i k e   even   t h o u g h   i t   i s   s u p p o r t i n g  

v e r y   h e a v y   g r a v i t y   l o a d s ,   e . g .   2000  p o u n d s   per   p a l l e t   P .  

The  i l l u s t r a t e d   r a c k   a s s e m b l y   12a  is   a b o u t   f o r t y  

i n c h e s   d e e p ,   i . e .   beams  36  a r e   f o r t y   i n c h e s   l o n g .   T h e  

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

t he   f r a m e   c o l u m n s   34  and  the   d i a g o n a l   b r a c e s   38  a r e  

c o n n e c t e d   to  t h o s e   beams  a t   l o c a t i o n s   40  s p a c e d  

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

u n d e r s t o o d ,   h o w e v e r ,   t h a t   t he   beams  36  c o u l d   be  l o n g e r   o r  

s h o r t e r   g i v i n g   t he   s u p p o r t   f r a m e s   32,  and  t he   a s s e m b l y  

12a  as  a  w h o l e ,   more   or  l e s s   d e p t h   d e p e n d i n g   upon  t h e  

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

b e t w e e n   beams  36  r e m a i n s   a b o u t   t h e   same,   b u t   t h e   s p a c i n g  

or  o f f s e t   b e t w e e n   t he   b r a c e   l o c a t i o n s   40  and  c o l u m n s   34 

w i l l   v a r y .   For  e x a m p l e ,   in  an  a s s e m b l y   whose   f r a m e s   22  

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

s l i g h t l y   l e s s   t h a n   t e n   i n c h e s .   T h u s ,   t he   i l l u s t r a t e d  

m o m e n t - r e s i s t i n g   e c c e n t r i c   b r a c e d   f r a m e s   32  w h i c h  

c o m p r i s e s   a s s e m b l y   12a  a r e   much  b e t t e r   a b l e   to  w i t h s t a n d  

h o r i z o n t a l   i n e r t i a l   l o a d s   t h a n   the   r e l a t i v e l y   s t i f f  



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

r a c k s   of  t h i s   g e n e r a l   t y p e   as  t y p i f i e d   by  t h e   o n e  

d i s c l o s e d   in  p a t e n t   3 , 9 0 0 , 1 1 2   m e n t i o n e d   a b o v e .  

As  b e s t   s e e n   in  F IG.   3,  p r e f e r a b l y   e a c h   v e r t i c a l  

f r a m e   32  r e s t s   on  a  p a i r   of  f o o t p l a t e s   42  r e m o v a b l y  

c o n n e c t e d   to   t h e   l o w e r   open   e n d s   of  t h e   two  f r a m e   c o l u m n s  

34  by  f i n g e r s   43  s t r u c k   f rom  t h e   p l a t e s   and  w h i c h   p r o j e c t  

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

d e s i r e d ,   t h e   f o o t p l a t e s   42  may  be  f i r m l y   a n c h o r e d   to  t h e  

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

b o l t   o p e n i n g s   44  b e i n g   p r o v i d e d   in  t h e   p l a t e s   f o r   t h a t  

p u r p o s e .   S i n c e   t he   p l a t e s   42  a r e   r e m o v a b l e ,   t h e   v e r t i c a l  

f r a m e s   32  can  be  s t a c k e d   c l o s e   t o g e t h e r   when  t r a n s p o r t i n g  

t h e   s y s t e m   10  to  t h e   i n s t a l l a t i o n   s i t e ,   t h u s   s a v i n g   s p a c e  

f o r   o t h e r   c o m p o n e n t s   of  t he   s y s t e m .   A l s o ,   s i n c e   t he   e n d s  

of  t h e   c o l u m n s   34  a r e   o p e n ,   t h e y   a r e   e a s i l y   f i e l d - s p l i c e d  

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

f o r   a  p a r t i c u l a r   s y s t e m   1 0 .  

R e f e r r i n g   to  FIGS.   1  and  3,  t h e   p a l l e t   b a r s   33 

c o m p r i s i n g   a s s e m b l y   12a  e x t e n d   b e t w e e n   a d j a c e n t   v e r t i c a l  

f r a m e s   32  a t   t h e   f r o n t   and  back   of  t he   a s s e m b l y   and  e a c h  

f r o n t   and  r e a r   ba r   p a i r   may  be  l o c a t e d   a t   any  h e i g h t   o n  

t h e   f r a m e s   as  shown  in  FIG.  1.  Each  ba r   i s   c o m p o s e d   o f  

two  m a t i n g   s e c t i o n s   33a  and  33b  w h i c h   s n a p   t o g e t h e r   t o  

fo rm  a  box  g i r d e r .   Each  bar   s e c t i o n   33a  i s   a  g e n e r a l l y  

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

w a l l   46a  and  t op   and  b o t t o m   w a l l s   46b  and  4 6 c  

r e s p e c t i v e l y ,   t h e   t o p   w a l l   r e a r   edge   m a r g i n   46d  b e i n g  

t u r n e d   d o w n w a r d .   The  c h a n n e l   b o t t o m   w a l l   46c   e x t e n d s  

r e a r w a r d l y   b e y o n d   t o p   w a l l   46b  and  i t s   r e a r   edge   m a r g i n  

46e  i s   b e n t   u p w a r d .   A  l o n g i t u d i n a l   g r o o v e   47a  i s   f o r m e d  

in  t h e   c h a n n e l   f r o n t   w a l l   46a  a b o u t   o n e - t h i r d   of  t he   w a y  
down  on  t h a t   w a l l   and  t he   f r e e   edge   of  w a l l   m a r g i n   46e  i s  

a l s o   g r o o v e d   to  form  an  i n s i d e   r i b   4 7 b .  



The  o t h e r   p a l l e t   bar   s e c t i o n   33b  i s   a l s o   a  c o l d  

r o l l - f o r m e d   m e t a l   c h a n n e l .   I t   is   f o r m e d   w i t h   a  v e r t i c a l  

r e a r   w a l l   48a  and  a  h o r i z o n t a l   f o r w a r d l y - e x t e n d i n g   t o p  

w a l l   48b  whose   l e a d i n g   edge   m a r g i n   is   t u r n e d   down  to  f o r m  

a  v e r t i c a l   f r o n t   w a l l   4 8 c .   The  l o w e r   edge   m a r g i n   of  w a l l  

48a  i s   t u r n e d   r e a r w a r d   to  form  a  l e d g e   48d  and  t h e n  

d o w n w a r d l y   a g a i n   to  form  an  e x t e n d e d   r e a r   w a l l   4 8 e .   T h e  

c h a n n e l   e x t e n d s   f o r w a r d l y   b e l o w   w a l l   48e  to  form  a  b o t t o m  

w a l l   48f   whose   f r o n t   edge   m a r g i n   i s   t u r n e d   u p w a r d s   t o  

c r e a t e   a  l o n g i t u d i n a l   u p w a r d l y - e x t e n d i n g   l i p   48a .   T h e  

f r e e   edge   of  f r o n t   w a l l   48c  i s   g r o o v e d   to  form  an  i n s i d e  

l o n g i t u d i n a l   r i b   49a  and  a  g r o o v e   49b  e x t e n d s   a l o n g  

c h a n n e l   w a l l   48e  midway  b e t w e e n   i t s   u p p e r   and  l o w e r  

e d g e s .  

As  shown  in  FIG.  3,  t he   bar   s e c t i o n   33b  i s -  s h a p e d   t o  

c o o p e r a t e   w i t h   bar   s e c t i o n   33a  so  t h a t   i t s   t op   and  f r o n t  

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

33a  and  so  t h a t   i t s   e x t e n d e d   r e a r   and  b o t t o m   w a l l s   e n g a g e  
i n s i d e   t he   r e a r   and  b o t t o m   w a l l s   of  s e c t i o n   3 3 a .   When 

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

t he   r i b   49a  of  s e c t i o n   33b  s n a p s   i n t o   g r o o v e   47a  i n  

s e c t i o n   3 3 a ,   w h i l e   t he   r i b   47b  of  s e c t i o n   33a  s n a p s   i n t o  

t h e   g r o o v e   49b  in  s e c t i o n   33b  t h e r e b y   l o c k i n g   t h o s e   t w o  

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

of  t he   two  bar   s e c t i o n s   a r e   such   t h a t ,   when  t h e y   a r e  

s n a p p e d   t o g e t h e r   as  shown ,   i t   i s   p r a c t i c a l l y   i m p o s s i b l e  

to  s e p a r a t e   t h e m .   Thus  t he   two  p a r t s ,   e a c h   of  w h i c h   is   a 

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

form  a  v e r y   r i g i d   box  g i r d e r   h a v i n g   d o u b l e   w a l l   t h i c k n e s s  

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

top   of  t he   bar   w h e r e   t h e   s t r e s s   c a u s e d   by  a  v e r t i c a l   l o a d  

is   a  maximum.   T h e r e f o r e ,   t h e   ba r   is   w e l l   a b l e   to  s u p p o r t  

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

d e f l e c t i o n ;   y e t   i t s   m a t e r i a l   c o s t   i s   k e p t   to  a  m i n i m u m .  



When  a  p a i r   of  p a l l e t   b a r s   33  i s   p r o p e r l y   c l a m p e d   t o  

s u p p o r t   c o l u m n s   34  a t   t h e   f r o n t   and  r e a r   of  r a c k   a s s e m b l y  

1 2 a ,   as  w i l l   be  d e s c r i b e d   p r e s e n t l y ,   t h e y   a r e   p o s i t i o n e d  

to   s u p p o r t   t h e   f r o n t   and  r e a r   edge   m a r g i n s   of  a  p a l l e t   P .  

A l s o ,   t h e   ba r   l e d g e s   48d  f a c e   i n w a r d   so  t h a t   l e n g t h s   o f  

2  x  6  b o a r d s   or  s l a t s ,   f o r   e x a m p l e ,   can  be  s e t   on  t h o s e  

l e d g e s   as  shown  a t   B  in  F IG.   1.  T h e s e   b o a r d s   w i l l  

p r e v e n t   a  l o a d e d   p a l l e t   f rom  f a l l i n g   down  t h r o u g h   t h e  

r a c k   in  t h e   e v e n t   t h a t   i t s   f r o n t   or  r e a r   e d g e   m a r g i n  

b e c o m e s   d i s p l a c e d   f rom  t h e   u n d e r l y i n g   p a l l e t   bar   3 3 .  

The  o p p o s i t e   e n d s   of  e a c h   p a l l e t   bar   33  a r e  

c o n n e c t e d   to   t h e   a d j a c e n t   f r a m e   c o l u m n s   34  by  s p e c i a l  

r e l e a s a b l e   c o n n e c t o r   a s s e m b l i e s   shown  g e n e r a l l y   a t   5 0 .  

Each  c o n n e c t o r   a s s e m b l y   50,   in  c o n j u n c t i o n   w i t h   t h e  

c o l u m n   34  s t r u c t u r e ,   a c h i e v e s   a  v e r y   h i g h   d e g r e e   o f  

f i x i t y   b e t w e e n   t h e   c o n n e c t e d - t o g e t h e r   p a l l e t   bar   a n d  

c o l u m n .   FIG.   3  of  t he   d r a w i n g s   shows   t h e   c o l u m n   34  a n d  

c o n n e c t o r   a s s e m b l y   50  in  d e t a i l .   As  s e e n   t h e r e ,   e a c h  

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

t h e   g e n e r a l   s h a p e   of  a  h o l l o w   I - b e a m   w h i c h   i s   s y m m e t r i c a l  

a b o u t   i t s   l o n g i t u d i n a l   or  v e r t i c a l   a x i s .   T h a t   i s ,   t h e  

c o l u m n   has   a  f l a t   f r o n t   w a l l   52  as  w e l l   as  a  p a r a l l e l  

r e a r   w a l l   54  c o m p o s e d   of  two  l o n g i t u d i n a l   s e c t i o n s   5 4 a  

and  54b  h a v i n g   o p p o s i n g   i n t u r n e d   edge   m a r g i n s   54c  s e c u r e d  

t o g e t h e r   by  a  s e r i e s   of  v e r t i c a l l y   s p a c e d   w e l d s   55.  E a c h  

c o l u m n   a l s o   has   a  s i d e   w a l l   56  f o r m e d   w i t h   f r o n t   and  r e a r  

t r u n c a t e d   f l a n g e s   58  and  62  r e s p e c t i v e l y .   The  c o l u m n   i s  

c o m p l e t e d   by  a  s e c o n d   s i d e   w a l l   64  f o r m e d   w i t h   f r o n t   a n d  

r e a r   f l a n g e s   66  and  68  r e s p e c t i v e l y .   For  r e a s o n s   t h a t  

w i l l   b e c o m e   a p p a r e n t ,   t h e   o p p o s i n g   f l a n g e   w a l l s   58a  a n d  

66a  a t   t h e   f r o n t   of  t he   c o l u m n   c o n v e r g e ,   as  do  t h e  

c o r r e s p o n d i n g   f l a n g e   w a l l s   62a  and  68a  a t   t h e   r e a r   of  t h e  

c o l u m n .   In  f a c t ,   t he   f l a n g e   w a l l   p a i r s   58a ,   62a  and  6 6 a ,  
68a  a t   t h e   o p p o s i t e   s i d e s   of  t he   c o l u m n   e a c h   d e f i n e  



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

c o l u m n .  

Two  s e r i e s   of  v e r t i c a l l y   s p a c e d - a p a r t   v e r t i c a l  

f r a m i n g   s l o t s   72  and  74  a r e   f o r m e d   a t   t he   o p p o s i t e   s i d e s  

of  t h e   c o l u m n   f r o n t   w a l l   52  a d j a c e n t   f l a n g e s   58  and  6 6  

r e s p e c t i v e l y .   Two  s e r i e s   of  s i m i l a r   s l o t s   76  and  78  a r e  

l o c a t e d   in  t he   c o l u m n   r e a r   w a l l   54  a d j a c e n t   f l a n g e s   62  

and  68,  t he   c o r r e s p o n d i n g   s l o t s   in  t he   f o u r   s e r i e s   a l l  

b e i n g   l o c a t e d   a t   t he   same  h e i g h t s   on  t he   c o l u m n ,   s a y  

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

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

the   c o l u m n   s i d e   w a l l s   56  and  64.  More  p a r t i c u l a r l y ,   a s  

b e s t   s e e n   in  FIG.  4,  a  s e r i e s   of  v e r t i c a l   s l o t s   82a  i s  

f o r m e d   in  c o l u m n   w a l l   56  a d j a c e n t   f l a n g e   58  and  a  s e c o n d  

p a r a l l e l   c o l u m n   of  s l o t s   82b  a r e   l o c a t e d   in  t h a t   s a m e  

w a l l   a d j a c e n t   f l a n g e   62,  t he   two  s e r i e s   of  s l o t s   b e i n g  

v e r t i c a l l y   o f f s e t   or  s t a g g e r e d .   S i m i l a r l y   l o c a t e d   a n d  

o f f s e t   s e r i e s   of  s l o t s   84a  and  84b  a r e   p r o v i d e d   in  t h e  

c o l u m n   s i d e   w a l l   64.  T h e s e   v a r i o u s   s i d e   w a l l   s l o t s   a r e  

u s e d   to  l o c a t e   and  h e l p   s u p p o r t   t he   s h e l f   u n i t s   33  a s  

w i l l   be  d e s c r i b e d   l a t e r .   The  f o r m i n g   of  t he   c o l u m n s   34 

as  d e s c r i b e d   a b o v e   as  box  g i r d e r s   in  a  h o l l o w   I - b e a m  

c o n f i g u r a t i o n   makes   t he   c o l u m n s   e x t r e m e l y   r e s i s t a n t   t o  

b e n d i n g   and  t o r s i o n a l - f l e x u r a l   b u c k l i n g .   At  t h e   s a m e  

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

c o a c t s   w i t h   t he   c o n n e c t o r   a s s e m b l i e s   50  w h i c h   a t t a c h   t h e  

v a r i o u s   p a l l e t   b a r s   33  to  t he   c o l u m n s   to  a c h i e v e   v e r y  

s e c u r e   and  f i x e d   b a r - c o l u m n   c o n n e c t i o n s .   I n d e e d ,   e a c h  

s u c h   c o n n e c t i o n   i s   d e s i g n e d   to  p r o v i d e   a  f i x e d ,   m o m e n t  

c o n n e c t i o n   to  r e s i s t   c o m b i n a t i o n s   of  v e r t i c a l   l o a d i n g  

a n d / o r   l a t e r a l   l o a d i n g   w h e r e   the   l a t t e r   l o a d i n g   can  b e  

e i t h e r   in  t he   a i s l e - w i s e   d i r e c t i o n   or  t he   f r o n t - t o - b a c k  

d i r e c t i o n .  



As  shown  in  FIG.  3,  t h e   c o n n e c t o r   a s s e m b l i e s   a t  

o p p o s i t e   e n d s   of  e a c h   p a l l e t   b a r   33  a r e   m i r r o r   i m a g e s   o f  

one  a n o t h e r .   Each  c o m p r i s e s   an  e l o n g a t e d   c h a n n e l - s h a p e d  

s t a m p e d   m e t a l   c o n n e c t o r   92  whose   c r o s s   s e c t i o n   has   t h e  

g e n e r a l   s h a p e   of  t h e   l e t t e r   J.  T h u s ,   t h e   c o n n e c t o r   has   a 

l o n g   l i m b   92a  b u t t   w e l d e d   to   t h e   e n d s   of  p a l l e t   b a r  

s e c t i o n s   33a  and  33b  m a k i n g   i t   i m p o s s i b l e   to   s e p a r a t e  

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

s t r e n g t h   of  t h e   p a l l e t   b a r   33  as  a  w h o l e .   Each  c o n n e c t o r  

92  f u r t h e r   i n c l u d e s   a  w e d g e - s h a p e d   f r o n t   p o r t i o n   9 2 b  

w h i c h   c u r v e s   or  a n g l e s   away  f rom  l i m b   92a  and  a  s h o r t  

l i m b   92c  w h i c h   e x t e n d s   r e a r w a r d l y   f rom  p o r t i o n   92b ,   b e i n g  

s p a c e d   g e n e r a l l y   p a r a l l e l   to   l i m b   9 2 a .   A  s e r i e s   of  t h r e e  

v e r t i c a l l y   s p a c e d ,   d o w n w a r d l y   open   h o o k s   94  a r e   f o r m e d   a t  

t h e   r e a r   edge   of  c o n n e c t o r   l i m b   92a  and  a  s e c o n d   s e r i e s  

of  t h r e e   v e r t i c a l l y   s p a c e d ,   d o w n w a r d l y   open   h o o k s   96  a r e  

p r e s e n t   a t   t h e   r e a r   edge   of  c o n n e c t o r   l i m b   9 2 c ,   t h e  

u p p e r m o s t   h o o k s   in  t h e   two  s e r i e s   b e i n g   l o c a t e d   r i g h t   a t  

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

)  h o o k s   in  t h e   two  s e r i e s   b e i n g   p o s i t i o n e d   a t   the   s a m e  

h e i g h t s   on  t h e   c o n n e c t o r .   The  h o o k s   96  a r e   s h a p e d   a n d  

a r r a n g e d   so  t h a t   t h e y   can   hook  i n t o   v e r t i c a l l y   a d j a c e n t  

s l o t s   74  or  76  in  t he   f r o n t   or  r e a r   w a l l   of  c o l u m n   3 4 .  

The  r e m a i n i n g   c o m p o n e n t   of  t he   c o n n e c t o r   a s s e m b l y   50 

5  i s   a - c o n n e c t o r   l o c k   102  b e s t   s e e n   in  FIG.  3  to   be  a n  

e l o n g a t e d   s t a m p e d   m e t a l   p a r t   f o r m e d   as  an  L - s h a p e d  
s e c t i o n   w i t h   a p p r o x i m a t e l y   e q u a l   l e g s .   One  l eg   102a   o f  

t h e   l o c k   i s   f o r m e d   w i t h   a  s e r i e s   of  t h r e e   v e r t i c a l l y  

s p a c e d   v e r t i c a l   s l o t s   104,   t h e   u p p e r m o s t   s l o t   b e i n g   a n  

3  open   s l o t   e x t e n d i n g   to  t h e   u p p e r   edge   of  t h e   c o n n e c t o r  

l o c k .   The  o t h e r   l o c k   l eg   102b   is   p r o v i d e d   w i t h   a  s e r i e s  

of  t h r e e   v e r t i c a l l y   s p a c e d   d o w n w a r d l y   o p e n   h o o k s   1 0 6 .  

The  h o o k s   106  a r e   l o c a t e d   more   or  l e s s   a t   t he   s a m e  

h e i g h t s   on  t h e   c o n n e c t o r   l o c k   as  t h e   s l o t s   104  w i t h   t h e i r  



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

t h o s e   s l o t s .   T h e s e   h o o k s   a r e   a l s o   s h a p e d   and  p o s i t i o n e d  

so  t h a t   t h e y   can  hook  i n t o   v e r t i c a l l y   a d j a c e n t   s l o t s   7 2  

or  78  in  t h e   f r o n t   or  r e a r   w a l l   of  c o l u m n   3 4 .  

To  c o n n e c t   an  end  of  a  p a l l e t   bar   33  to   a  c o l u m n   3 4 ,  

t he   c o n n e c t o r   l o c k   102  i s   f i r s t   e n g a g e d   to  t he   c o l u m n   a t  

t he   l o c a t i o n   on  the   c o l u m n   w h e r e   t he   c o n n e c t i o n   i s   to  b e  

made .   A s s u m e ,   f o r   e x a m p l e ,   t h a t   t he   r i g h t - h a n d   end  of  a 

p a l l e t   ba r   33  i s   b e i n g   c o n n e c t e d   to  t he   f r o n t   c e n t e r  

c o l u m n   34  of  t he   r a c k   a s s e m b l y   12a  i l l u s t r a t e d   in  FIG.  1 .  

In  t h i s   e v e n t ,   f i r s t   the   c o n n e c t o r   l o c k   102  shown  a t   t h e  

r i g h t - h a n d   s i d e   of  FIG.  3  is   p o s i t i o n e d   a t   t h e  

a p p r o p r i a t e   h e i g h t   on  the   c o l u m n   and  i t s   h o o k s   106  a r e  

h o o k e d   i n t o   t he   t h r e e   c l o s e s t   s l o t s   78  in  t he   r e a r   w a l l  

of  t he   c o l u m n .   The  o p e n i n g s   u n d e r   h o o k s   106  a r e   more  o r  
l e s s   v e r t i c a l   so  t h a t   t he   h o o k s   r e s t   on  the   l o w e r   e d g e s  

of  s l o t s   78,  w i t h   t he   l o c k   e n g a g i n g   s n u g l y   a r o u n d   c o l u m n  

f l a n g e   68  so  t h a t   i t s   l eg   1 0 2 a ,   i n c l u d i n g   the   s l o t s   1 0 4  

t h e r e i n ,   e x t e n d   b e y o n d   the   c o l u m n   s i d e   w a l l   64.  N e x t ,  

t he   c o n n e c t o r   92  i s   p o s i t i o n e d   o p p o s i t e   l o c k   102  w i t h   i t s  

l i m b   92a  e n g a g e d   f l u s h   a g a i n s t   t he   c o l u m n   s i d e   w a l l   6 4 .  

The  c o n n e c t o r   i s   t h e n   s l i d   r e a r w a r d l y   t o w a r d   c o l u m n  

f l a n g e   66  so  t h a t   i t s   h o o k s   96  p r o j e c t   i n t o   t h e   t h r e e  

n e a r e s t   s l o t s   74  in  t h e   c o l u m n   f r o n t   w a l l ,   w h i l e   a t   t h e  

same  t i m e   i t s   h o o k s   94  e n g a g e   in  t he   s l o t s   104  of  t h e  

c o n n e c t o r   l o c k .  

If   now  a  v e r t i c a l   l o a d   is   p l a c e d   on  bar   33  a n d ,   m o r e  

p a r t i c u l a r l y   i t s   c o n n e c t o r   92,  t he   c o n n e c t o r   h o o k s   94  a r e  

u r g e d   down  i n t o   t he   c o n n e c t o r   l o c k   s l o t s   104,   w h i l e   t h e  

c o n n e c t o r   h o o k s   96  a r e   p r e s s e d   down  i n t o   s l o t s   74  a t   t h e  

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

h o o k s ,   n a m e l y   e d g e s   94a  and  96a  r e s p e c t i v e l y ,   a r e   s l a n t e d  

or  i n c l i n e d   u p w a r d l y - f o r w a r d l y ,   as  shown  in  FIG.  3,  s o  
t h a t   a  w e d g i n g   a c t i o n   o c c u r s   w h i c h   d r a w s   t h e   c o n n e c t o r   9 2  



t o w a r d   t h e   c o l u m n   f l a n g e   66  w h i l e ,   a t   t h e   same  t i m e ,   t h e  

c o n n e c t o r   and  c o n n e c t o r   l o c k   102  a r e   d r a w n   t o g e t h e r   w i t h  

t h e   c o l u m n   34  c l a m p e d   b e t w e e n   t h e m .  

As  m e n t i o n e d   p r e v i o u s l y ,   t h e   c o n n e c t o r   p o r t i o n   9 2 b  

i s   c u r v e d   or  wedge   s h a p e d   and  t h e   c o l u m n   f l a n g e   66  w i t h  

i t s   c o n v e r g e n t   w a l l   66a  i s   t r u n c a t e d .   T h e r e f o r e ,   as  t h e  

c o n n e c t o r   h o o k s   94  and  96  a r e   p r e s s e d   f u r t h e r   i n t o   t h e i r  

r e s p e c t i v e   s l o t s   104  and  74,   t h e   c o n n e c t o r   p o r t i o n   92b  i s  

u r g e d   e v e r   more   f i r m l y   a g a i n s t   a g a i n s t   t h e   f l a n g e   6 6 .  

T h a t   e n g a g e m e n t ,   in  t u r n ,   c a u s e s   t he   c o n v e r g e n t   f l a n g e  

w a l l   66a  to   wedge   t h e   c o n n e c t o r   l i m b   92a  v e r y   t i g h t l y  

a g a i n s t   t he   c o l u m n   s i d e   w a l l   64  o v e r   t he   e n t i r e   h e i g h t   o f  

t h e   c o n n e c t o r .   In  a d d i t i o n ,   t he   o u t b o a r d   w a l l s   104a  o f  

t he   c o n n e c t o r   l o c k   s l o t s   104  a r e   d o w n w a r d l y - i n w a r d l y  

t a p e r e d   or  s l a n t e d   so  t h a t ,   as  t h e   c o n n e c t o r   h o o k s   94  a r e  

u r g e d   d o w n w a r d l y   i n t o   t h o s e   s l o t s ,   t h e y   a r e   wedged   t o w a r d  

t h e   c o l u m n   s i d e   w a l l   64  t h e r e b y   d r a w i n g   t h e   r e a r   e d g e  

m a r g i n   of  c o n n e c t o r   l i m b   92a  t i g h t l y   a g a i n s t   t he   c o l u m n  

s i d e w a l l   64  a l o n g   the   e n t i r e   h e i g h t   of  t he   c o n n e c t o r .  

T h u s ,   t h e   c o n n e c t o r   a s s e m b l y   50  d e s c r i b e d   h e r e i n  

c l a m p s   t h e   c o l u m n   b e t w e e n   c o n n e c t o r   92  and  l o c k   102  s o  

t h a t   t h e   p a l l e t   ba r   c a n n o t   r o t a t e   up  and  down  or  f o r e   a n d  

a f t   r e l a t i v e   to  t h e   c o l u m n .   Nor  can  t h e   bar   r o t a t e   a b o u t  

i t s   own  l o n g i t u d i n a l   a x i s .   In  a d d i t i o n ,   t he   a f o r e s a i d  

c l a m p i n g   a c t i o n   d r a w s   t h e   c o n n e c t o r   92  a t   t h e   end  of  t h e  

bar   v e r y   f i r m l y   a g a i n s t   t h e   s i d e   w a l l   of  t he   c o l u m n ,  

t h e r e b y   p r e v e n t i n g   v e r t i c a l   as  w e l l   as  f o r e   and  a f t  

t r a n s l a t i o n s   of  t h e   end  of  t he   p a l l e t   bar   33  r e l a t i v e   t o  

t h e   c o l u m n .   T h e r e f o r e ,   t h e   r a c k   a s s e m b l y   12a  w i t h   i t s  

p a l l e t   b a r s   33  c o n n e c t e d   to   i t s   v e r t i c a l   f r a m e   c o l u m n s  

w i t h   t h i s   h i g h   d e g r e e   of  f i x i t y   can  w i t h s t a n d   n o r m a l  

g r a v i t y   l o a d s   due  to  t h e   p r o d u c t   s t o r e d   t h e r e o n - - a s   w e l l  

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

d r o p p i n g   of  l o a d e d   p a l l e t s   on  t h e   p a l l e t   b a r s .   F u r t h e r ,  



t he   r a c k   a s s e m b l y   has   l i t t l e   t e n d e n c y   to  sway  or  d e f o r m  

even   when  s t r o n g   h o r i z o n t a l   or  l a t e r a l   i n e r t i a l   f o r c e s ,  

as  m i g h t   be  c a u s e d   by  b u i l d i n g   v i b r a t r i o n s   or  s t r o n g  

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

a s s e m b l y .  

I t   i s   i m p o r t a n t   to  n o t e   a l s o   t h a t ,   u n l i k e   t he   c a s e  

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

a s s e m b l y   50  d o e s   no t   i m p o s e   e x c e s s i v e   l o c a l i z e d   s t r e s s e s  

to  the   c o l u m n   as  m i g h t   c a u s e   i t s   w a l l s   to  bend  or  t e a r .  

R a t h e r ,   a s s e m b l y   50  a c h i e v e s   i t s   v e r y   s t r o n g   c l a m p i n g  

c o n n e c t i o n   to  t he   c o l u m n   and  i t s   h i g h   d e g r e e   of  f i x i t y  

p r i m a r i l y   due  to  t he   h o o k i n g - w e d g i n g   c o n n e c t i o n   b e t w e e n  

c o n n e c t o r   92  and  i t s   l o c k   102.  T h o s e   member s   a r e   h e a v y  

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

w i t h s t a n d   l o c a l i z e d   s t r e s s e s   i m p o s e d   on  them  due  to  t h e i r  

i n t e r c o n n e c t i o n .   M o r e o v e r ,   t he   c l a m p i n g   e n g a g e m e n t   o f  

t h o s e   m e m b e r s   to  t he   w a l l s   of  the   c o l u m n   o c c u r s   o v e r   a 

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

w a l l   of  t he   c o l u m n .   T h e r e f o r e ,   w h i l e   t he   c o n n e c t o r   h o o k s  

94  and  l o c k   h o o k s   106  do  e n g a g e   the   f r o n t   and  r e a r   w a l l s  

of  t he   c o l u m n   r e s p e c t i v e l y ,   such   e n g a g e m e n t s   o c c u r   r i g h t  

a d j a c e n t   t h e   o u t w a r d l y   a n g l e d   c o l u m n   f l a n g e s   66  and  68  

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

and  s u p p o r t e d   by  the   c o n n e c t o r   and  i t s   l o c k .  

W h i l e   t he   c o n n e c t o r   a s s e m b l y   50  d o e s   f i r m l y   c o n n e c t  

t he   end  of  e ach   p a l l e t   bar   33  to   t he   a d j a c e n t   c o l u m n   3 4 ,  

a c h i e v i n g   a  j o i n t   w i t h   a  v e r y   h i g h   d e g r e e   of  f i x i t y ,   t h e  

a s s e m b l y   can  be  u n c o u p l e d   or  d i s c o n n e c t e d   f rom  the   c o l u m n  

v e r y   e a s i l y   in  t he   e v e n t   t h a t   is   r e q u i r e d   to  r e l o c a t e   t h e  

b a r s   or  to  d i s m a n t l e   t he   r a c k   a s s e m b l y .   F u r t h e r m o r e ,  

t h i s   can  be  done   w i t h o u t   any  s p e c i a l   t o o l s ;   i t   s i m p l y  

r e q u i r e s   an  u p w a r d   b low  f rom  a  b o a r d   or  hammer  a g a i n s t  

t h e   end  of  t he   p a r t i c u l a r   bar   33.  T h i s   l i f t s   t h e  

c o n n e c t o r   and  l o c k   h o o k s   94  and  106  f rom  t h e i r   s e a t s   i n  



c o l u m n   s l o t s   74  and  78  s u f f i c i e n t l y   to   r e l e a s e   t h e   c l a m p .  

The  end  of  t h e   ba r   can   t h e n   be  l i f t e d   up  s u f f i c i e n t l y   t o  

p e r m i t   t h e   c o n n e c t o r   h o o k s   94  and  96  to  be  w i t h d r a w n   f r o m  

t h e i r   r e s p e c t i v e   s l o t s   104  and  74,  t h e r e b y   d i s c o n n e c t i n g  

t h e   end  of  t h e   bar   f rom  t h e   c o l u m n .   The  c o n n e c t o r  

l o c k   102  can  t h e n   be  r e m o v e d   f rom  t h e   c o l u m n   by  l i f t i n g  

i t   s u f f i c i e n t l y   to  p e r m i t   i t s   h o o k s   106  to  be  w i t h d r a w n  

f rom  t h e   s l o t s   78  in  t h e   c o l u m n .  

In  t h e   e m b o d i m e n t   of  r a c k   10  s p e c i f i c a l l y  

i l l u s t r a t e d   h e r e i n ,   means   a r e   p r o v i d e d   f o r   r e l e a s a b l y  

l o c k i n g   t o g e t h e r   t h e   c o n n e c t o r   92  and  l o c k   102  of  e a c h  

c o n n e c t o r   a s s e m b l y   50  so  t h a t   a  p a l l e t   ba r   c a n n o t  

a c c i d e n t a l l y   d e t a c h   f rom  i t s   c o l u m n s   34.  M o r e  

p a r t i c u l a r l y ,   and  as  b e s t   s e e n   in  FIG.   3,  a  g e n e r a l l y  

r e c t a n g u l a r   s h e e t   m e t a l   k e e p e r   c l i p   107  i s   a t t a c h e d   a t  

one  end  by  s p o t   w e l d s   108  to  c o n n e c t o r   l o c k   102  so  t h a t  

t he   c l i p   c o v e r s   t h e   m i d d l e   s l o t   104  and  p a r t   of  t h e  

l o w e s t   s l o t   104.   Each  c l i p   has   a  r e c t a n g u l a r   s l o t   1 0 7 a  

p u n c h e d   o u t   in  r e g i s t e r   w i t h   t h e   m i d d l e   l o c k  s l o t   1 0 4 ,  

w i t h   t h e   p u n c h e d - o u t   m e t a l   b e i n g   b e n t   down  to  form  a 

s m a l l   c l i p   h a n d l e   1 0 7 b .   Be low  t h e   h a n d l e ,   t he   c l i p   i s  

b e n t   to   form  a  l o n g i t u d i n a l   r i b   107c   w h i c h   p r o j e c t s   i n t o  

t h e   l o w e s t   l o c k   s l o t   104  as  s h o w n .  

When  l o c k   102  i s   b e i n g   c l a m p e d   to  c o n n e c t o r   92  a b o u t  

c o l u m n   34  as   d e s c r i b e d   a b o v e ,   t h e   c o n n e c t o r   h o o k s   94  

e x t e n d   t h r o u g h   t h e   l o c k   s l o t s   104  as  shown  in  d o t t e d  

l i n e s   in  FIG.   3.  The  m i d d l e   hook  94  p r o j e c t s   t h r o u g h  

c l i p   s l o t   107a   and  t h e   l o w e s t   hook  94  p u s h e s   t he   l o w e r ,  

f r e e   end  of  t h e   c l i p   away  f rom  t h e   l o c k   102  u n t i l   t h a t  

hook   c l e a r s   t h e   l o w e r   edge   of  i t s   s l o t   104.   At  t h a t  

p o i n t ,   t h e   hook   can  be  moved  down  in  t h a t   s l o t   u n t i l   i t  

c l e a r s   t h e   l o w e r   edge   of  t h e   c l i p .   The  c l i p ,   b e i n g  

r e s i l i e n t ,   s n a p s   b a c k   a g a i n s t   l o c k   102  so  t h a t   i t s   r i b  

1 0 7 c   e n g a g e s   in  t h e   p o r t i o n   of  s l o t   104  a b o v e   hook  94  a s  



shown  in  FIG.  3.  In  t h a t   p o s i t i o n ,   t he   c l i p   r i b   a c t s   a s  

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

c o n n e c t o r   92  r e l a t i v e   to  t he   l o c k   102.   P r e f e r a b l y ,  

c l i p   107  i s   bowed  or  a r c h e d   as  shown  so  t h a t   i t   has   s o m e  

l e n g t h w i s e   c o m p l i a n c e .   In  t h i s   way,  i f   t he   c o n n e c t i o n  

a s s e m b l y   i s   s u b j e c t e d   to  an  u n u s u a l l y   h e a v y   l o a d ,   so  t h a t  

an  u p w a r d   f o r c e   is  a p p l i e d   to  t he   l o w e r   edge   of  t h e   c l i p  

by  the   l o w e s t   hook  94,  t h e   c l i p   w i l l   f l e x   r a t h e r   t h a n  

b r e a k   away  f rom  l o c k   102  a t   i t s   w e l d s   1 0 8 .  

The  c o n n e c t o r   a s s e m b l y   50  a t   t he   l e f t - h a n d   end  o f  

bar   33,  shown  at   t he   l e f t   in  FIG.  3,  is   a  m i r r o r   image   o f  
the   one  a t   t h e   r i g h t - h a n d   end  j u s t   d e s c r i b e d   and  i t  

f u n c t i o n s   in  e x a c t l y   t he   same  way  to  r e l e a s a b l y   c o u p l e  
t he   l e f t - h a n d   end  of  a  p a l l e t   bar   to  t h e   r i g h t   s i d e   o f  

t h e   a d j a c e n t   c o l u m n   3 4 .  

The  same  c o n n e c t o r   a s s e m b l i e s   50  a r e   u sed   to  c o u p l e  
the   o p p o s i t e   e n d s   of  t he   b a r s   33  to  the   c o l u m n s   34  a t   t h e  

r e a r   of  t he   r a c k   a s s e m b l y   12a  i l l u s t r a t e d   in  FIG.  1.  I n  

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

o r i e n t e d   in  t h e   same  way,   i . e .   t he   c o l u m n   f r o n t   w a l l s   52 

f a c e   t he   f r o n t   of  t he   a s s e m b l y ,   the   c o n n e c t o r   92  i s  

c l a m p e d   a g a i n s t   the   c o l u m n   f l a n g e   62  or  68  a t   t he   r e a r   o f  

t h e   c o l u m n ,   w h i l e   t he   l o c k   102  i s   e n g a g e d   to  t he   f l a n g e s  
58  or  66  a t   t he   c o l u m n   f r o n t .   In  o t h e r   w o r d s ,   s i n c e   e a c h  

c o l u m n   is   e s s e n t i a l l y   s y m m e t r i c a l   a b o u t   i t s   v e r t i c a l   o r  

l o n g i t u d i n a l   a x i s ,   w i t h   a  g i v e n   p a i r   of  c o n n e c t o r  

a s s e m b l i e s   50,  c o n n e c t i o n s   can  be  made  to  b o t h   s i d e s   of  a  

c o l u m n   a t   t he   f r o n t   or  r e a r   of  t he   c o l u m n .   The  s a m e  
c o n n e c t i o n   a s s e m b l i e s   50  may  be  used   to  c o n n e c t   t he   e n d s  

of  t r u s s e s   16  shown  in  FIG.  1  and  the   beam  t h a t   s u p p o r t s  
t he   u p p e r   end  of  s t a i r c a s e   22  to   c o l u m n s   34.  S i n c e  
a s s e m b l i e s   50  can  a t t a c h   b a r s   33  r i g h t   a t   t h e   t o p s   o f  

c o l u m n s   34,  a  c o n t i n u o u s   f l a t   d eck   D  can  be  p r o v i d e d   a l l  
a l o n g   t he   t op   of  r a c k   a s s e m b l y   12a  as  shown  in  FIG.  1 .  



R e f e r r i n g   now  to  FIGS.   1  a n d   2,  t h e   v e r y   s a m e  

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

a s s e m b l y   12a  a r e   u s e d   to  form  t h e   g r a v i t y   f l o w   r a c k  

a s s e m b l y   12b  in  r a c k   s y s t e m   10.   T h a t   i s ,   a s s e m b l y   1 2 b  

a l s o   c o m p r i s e s   s p a c e d - a p a r t   v e r t i c a l   f r a m e s   32.  H e r e ,  

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

h o r i z o n t a l   sway  b r a c e s .   S i n c e   t h e s e   m e m b e r s   a r e   n o t  

e x p o s e d   to  h e a v y   v e r t i c a l   l o a d s   as  a r e   t he   p a l l e t   b a r s ,  

t h e y   do  n o t   h a v e   to  be  as  r e s i s t a n t   to  b e n d i n g .   H o w e v e r ,  

to   m i n i m i z e   p a r t s   c o s t s ,   one  of  t he   s e c t i o n s   u s e d   to  f o r m  

t h e   p a l l e t   ba r   33,   n a m e l y   s e c t i o n   3 3 a ,   is   u s e d   a l s o   f o r  

t h e   sway  b r a c e .   In  a  t y p i c a l   a s s e m b l y   12b ,   such   s w a y  
b r a c e s   33a  a r e   c o n n e c t e d   b e t w e e n   t h e   l o w e r   e n d s   o f  

a d j a c e n t   c o l u m n s   34  a t   t h e   r e a r   of  t h e   a s s e m b l y .   T h e y  

a r e   a l s o   a t t a c h e d   b e t w e e n   a d j a c e n t   c o l u m n s   34  a t   t h e  

l e v e l   of  e a c h   f l o o r   or  m e z z a n i n e   and  a t   t he   v e r y   top   o f  

t he   c o l u m n s   a t   b o t h   t h e   f r o n t   and  r e a r   of  t h e   a s s e m b l y .  

A c t u a l l y ,   b e c a u s e   of  t he   u n i q u e   m o m e n t - r e s i s t i n g  

e c c e n t r i c   b r a c e d   d e s i g n   of  t h e   v e r t i c a l   f r a m e s   32,   f e w e r  

sway  b r a c e s   a r e   r e q u i r e d   f o r   t h i s   s y s t e m   t h a n   f o r   p r i o r  

r a c k s   of  i t s   g e n e r a l   t y p e .   A l s o ,   t he   v e r y   s a m e  

c o n n e c t i o n   a s s e m b l i e s   50  whose   c o n n e c t o r s   92  a r e   w e l d e d  

to  t h e   o p p o s i t e   e n d s   of  t he   b r a c e s   33a ,   a r e   u s e d   to  c l a m p  
t h o s e   b r a c e s   to   t h e   a d j a c e n t   c o l u m n s   34  as  shown  i n  

FIG.   2 .  

As  b e s t   s e e n   in  F IGS.   2  and  4,  t h e   v e r t i c a l   f r a m e s  

32  s u p p o r t   a  s e r i e s   of  v e r t i c a l l y   s p a c e d - a p a r t   g r a v i t y -  

f l o w   s h e l f   u n i t s   109  in  e a c h   bay  of  r a c k   a s s e m b l y   1 2 b .  

In  t h e   i l l u s t r a t e d   r a c k   a s s e m b l y   h a v i n g   f r a m e s   32  w h i c h  

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

a b o u t   s i x t y   i n c h e s   d e e p   or  l o n g .   In  a  l a r g e r   a s s e m b l y ,  

t h e   v e r t i c a l   f r a m e s   m i g h t   be  e i g h t y - e i g h t   i n c h e s   deep   t o  

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

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



r e a r   t r a n s v e r s e   f r a m e   m e m b e r s   110  and  112  r e s p e c t i v e l y  

and  o p p o s i t e ,   m i r r o r - i m a g e   s i d e   m e m b e r s   l14  j o i n e d   a t  

t h e i r   e n d s   to  form  a  r e c t a n g u l a r   f r a m e .   C r o s s  

m e m b e r s   118  a r e   c o n n e c t e d   b e t w e e n   t h e   v e r t i c a l   webs  o f  

s i d e   m e m b e r s   114  to   s t r e n g t h e n   t h e   s h e l f   u n i t .   A  s e r i e s  

of  l a t e r a l l y   s p a c e d - a p a r t   g r a v i t y - f e e d   r o l l e r   t r a c k s   1 2 2  

a r e   s u p p o r t e d   a t   t h e i r   o p p o s i t e   e n d s   f rom  t he   f r o n t   a n d  

r e a r   f r a m e   m e m b e r s   110  and  112  of  each   s h e l f   u n i t .   T h e  

i l l u s t r a t e d   t r a c k s   a r e   s u b s t a n t i a l l y   t h e   same  as  t h e   o n e s  

d i s c l o s e d   in  t h e   a f o r e m e n t i o n e d   p a t e n t   3 , 9 0 0 , 1 1 2   a n d  

c o n n e c t   to  t h e   f r o n t   and  r e a r   f r a m e   m e m b e r s   of  t he   s h e l f  

u n i t   in  t h e   same  way  d e s c r i b e d   t h e r e .  

As  shown  in  FIG.  4,  t he   l o w e r   edge   m a r g i n   of  t h e  

v e r t i c a l   web  of  e a c h   s h e l f   f r a m e   s i d e   member  l14   i s  

t u r n e d   i n w a r d   b e y o n d   90°  to  form  a  r e l a t i v e l y   wide  l e d g e  

114a  w h i c h   i n c l i n e s   f rom  t he   s i d e   of  t he   web  so  t h a t   o n l y  

i t s   o u t e r   edge   e n g a g e s   the   u n d e r s i d e   of  c r o s s   m e m b e r s  

118.   A l s o ,   a  n a r r o w   edge   m a r g i n   of  t h a t   l e d g e   i s   b e n t  

down  to  form  a  l i p   or  f l a n g e   114b  w h i c h   makes   an  o b t u s e  

a n g l e   w i t h   l e d g e   1 1 4 a .   The  u p p e r   edge   m a r g i n   of  t h e  

v e r t i c a l   web  of  e a c h   s i d e   member  114  i s   a l s o   t u r n e d  

i n w a r d   o v e r   l e d g e   114a  to  form  a  r i b   or  f l a n g e   1 1 4 c .  

T h e s e   f l a n g e s   a t   t he   u p p e r   and  l o w e r   e d g e s   of  s i d e   m e m b e r  

114  r i g i d i f y   t h a t   m e m b e r .   T r a n s v e r s e   s l o t s   l16  a r e  

s p a c e d   a p a r t   a l o n g   e a c h   member  l e d g e   114a  f o r   a  d i s t a n c e  

of  a b o u t   t w e n t y   i n c h e s   f rom  t h e   f r o n t   f r a m e   member  1 1 0 .  

T h e s e   s l o t s   a r e   u s e d   to  a d j u s t a b l y   s u s p e n d   the   s h e l f  

u n i t s   109  f rom  c o l u m n s   34  as  w i l l   be  d e s c r i b e d   p r e s e n t l y .  
S t i l l   r e f e r r i n g   to  FIG.  2  and  e s p e c i a l l y   to  FIG.  4 ,  

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

114  f rom  t h e   f o u r   c o l u m n s   34  d e f i n i n g   t h e   r a c k   a s s e m b l y  

bay  in  w h i c h   t he   s h e l f   u n i t   i s   l o c a t e d .   For  t h i s  

p u r p o s e ,   s p e c i a l   h a n g e r   c l i p s   124  a r e   u t i l i z e d   t o  

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



c o l u m n s .   Each  c l i p   124  i s   a  s m a l l ,   low  p r o f i l e ,   r i g i d ,  

s t a m p e d   m e t a l   p a r t   whose   t h i c k n e s s   i s   s l i g h t l y   l e s s   t h a n  

t h e   w i d t h   of  t h e   s l o t s   8 2 a ,   82b ,   84a  and  84b  in  t h e   s i d e  

w a l l s   of  c o l u m n   34.   I t   has   a  g e n e r a l l y   o v u l a r   s h a p e   w i t h  

an  u p w a r d l y - f o r w a r d l y   e x t e n d i n g   f i n g e r   126  a t   t he   r e a r   o f  

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

end  w a l l   1 2 6 a .   S p a c e d   s l i g h t l y   f o r w a r d l y   of  and  b e l o w  

w a l l   1 2 6 a   i s   a  t a b   128  w h i c h   e x t e n d s   l a t e r a l l y   to  o n e  

s i d e   of  t h e   c l i p .   A  s i m i l a r   t a b   132  a t   t he   b o t t o m   of  t h e  

c l i p   d i r e c t l y   b e l o w   t a b   128  e x t e n d s   l a t e r a l l y   in  t h e  

o p p o s i t e   d i r e c t i o n   f rom  t a b   128 .   A  s m a l l   v e r t i c a l   w e d g e -  

s h a p e d   n o t c h   134  is   p r e s e n t   a t   t he   b o t t o m   of  t he   c l i p  

j u s t   f o r w a r d l y   of  t a b   132  and  the   mouth   of  t h a t   n o t c h ,   a s  

w e l l   as  t h e   s p a c i n g   b e t w e e n   f i n g e r   w a l l   126a   and  t ab   1 2 8 ,  

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

w a l l s   56  and  64.  The  c l i p   124  i s   f u r t h e r   f o r m e d   w i t h   a  

nose   136  w h i c h   p r o j e c t s   u p w a r d   j u s t   f o r w a r d   of  t a b   1 2 8  

more   or  l e s s   to  t h e   same  h e i g h t   as  f i n g e r   1 2 6 .  

Each  c l i p   124  i s   a r r a n g e d   and  a d a p t e d   so  t h a t   i t s  

r e a r   edge   m a r g i n ,   i n c l u d i n g   f i n g e r   126 ,   can  be  i n s e r t e d  

i n t o   a  s l o t   8 2 a ,   82b ,   84a  or  84b  in  c o l u m n   34  u n t i l   t h e  

t a b s   128  and  134  e n g a g e   t h e   r e l e v a n t   c o l u m n   s i d e   w a l l   a s  
shown  in  d o t t e d   l i n e s   in  FIG.   4.  The  c l i p   i s   t h e n   f r e e  

to  s l i d e   d o w n w a r d   in  t h e   s l o t   u n t i l   t he   l o w e r   edge   of  t h e  

s l o t   w e d g e s   i n t o   t h e   c l i p   n o t c h   134.   F u r t h e r m o r e ,   t h e  

c l i p   i s   f r e e   to  cock   or  t i l t   o u t w a r d   on  t h e   s l o t   l o w e r  

e d g e   u n t i l   t h e   f i n g e r   w a l l   126a   e n g a g e s   t h e   i n s i d e  

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

in  t h e   c o l u m n   s l o t   in  t h i s   f a s h i o n ,   f u r t h e r   downward   o r  

t i l t i n g   m o v e m e n t   of  t he   c l i p   i s   p r e v e n t e d .   A l s o ,   l a t e r a l  

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

t h e   e n g a g e m e n t   of  t h e   c l i p   f i n g e r s   128  and  132  a g a i n s t  

t h e   c o l u m n   s i d e   w a l l   on  o p p o s i t e   s i d e s   of  t he   s l o t .   T h e  

c l i p   i s   t h u s   c o n n e c t e d   v e r y   s e c u r e l y   to   t h e   c o l u m n ;   y e t  



i t   can  be  r e m o v e d   e a s i l y   s i m p l y   by  l i f t i n g   t he   c l i p  

s u f f i c i e n t l y   to   w i t h d r a w   t he   s l o t   edge   f rom  t h e   c l i p  

n o t c h   134  and  t h e n   w i t h d r a w i n g   t he   c l i p   f rom  t h e   s l o t .  

The  c l i p   124  a t t a c h e d   as  a f o r e s a i d   to  c o l u m n   34  i s  

a d a p t e d   to  s u p p o r t   one  end  of  a  s h e l f   u n i t   s i d e   m e m b e r  

114.   C o n s e q u e n t l y ,   f o u r   c l i p s   a r e   p o s i t i o n e d   on  t he   f o u r  

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

h e i g h t s   on  t h o s e   c o l u m n s   t h a t   w i l l   g i v e   t he   s h e l f   u n i t  

t h e   d e s i r e d   f r o n t - t o - b a c k   i n c l i n e .   N e x t ,   t h e   s h e l f   u n i t  

i s   p o s i t i o n e d   in  t he   r a c k   bay  so  t h a t   i t s   s i d e   m e m b e r  

l e d g e s   114a  r e s t   on  t he   f o u r   c l i p s .   Then  t he   f r o n t   o f  

t h e   s h e l f   u n i t   is   l i f t e d   s l i g h t l y   and  the   u n i t   s l i d   o n  

t h e   r e a r   c l i p s   f o r w a r d s   or  b a c k w a r d s   r e l a t i v e   to  v e r t i c a l  

f r a m e s   32  u n t i l   t he   u n i t   p r o j e c t s   t he   d e s i r e d   d i s t a n c e  

f rom  t he   f r o n t s   of  t h o s e   f r a m e s .   F i n a l l y ,   t he   f r o n t   e n d  

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

e n g a g e   in  t h e   n e a r e s t   l e d g e   s l o t s   116  t h e r e b y   f i x i n g   t h a t  

f o r e   and  a f t   p o s i t i o n   of  the   s h e l f   u n i t .  

As  m e n t i o n e d   p r e v i o u s l y ,   the   s i d e   member  l e d g e s   1 1 4 a  

a r e   i n c l i n e d .   T h e r e f o r e ,   t he   r e a c t i o n   f o r c e   of  the   c l i p s  

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

t h e   s i d e   member  t i g h t l y   a g a i n s t   t he   c o l u m n   s i d e   w a l l .  

A l s o ,   t he   edge   of  t h a t   member ,   i . e .   the   p o r t i o n   of  l e d g e  

114a  i n b o a r d   of  an  e n g a g e d - i n   s l o t   116  a t   t he   f r o n t   o f  

t h e   s h e l f   u n i t   r e s t s   on  the   e n g a g i n g   c l i p   t a b   1 2 8 .  

T h e r e f o r e ,   d o w n w a r d   f o r c e s   a r e   d i s t r i b u t e d   o v e r   t h e  

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

l i t t l e   t e n d e n c y   fo r   t he   p l a t e   to   t e a r   a d j a c e n t   to  a  s l o t  

116  a t   t h e   f r o n t   of  t he   s h e l f   u n i t   when  t he   u n i t   i s  

s u b j e c t e d   to  a  v e r t i c a l   l o a d .   S t i l l   f u r t h e r ,   t he   l e d g e  
s l o t s   116  a r e   made  s l i g h t l y   w i d e r   t h a n   t he   c l i p   nose   1 3 6  

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

v a r i o u s   f r o n t   to  r e a r   i n c l i n a t i o n s .   P r e f e r a b l y   a l s o ,   t h e  

l e d g e   l i p   114b  on  each   s i d e   member  114  i s   a n g l e d  



o u t w a r d l y   as  d e s c r i b e d   so  t h a t   t he   s h e l f   u n i t s   109  w i l l  

n e s t   when  s t a c k e d   to  f a c i l i t a t e   t h e   s t o r a g e ,   s h i p p i n g   a n d  

h a n d l i n g   of  t h e   s h e l f   u n i t s .   T h a t   i s ,   t he   l e d g e s   1 1 4 a  

and  t h e i r   l i p s   114b   w i l l   e n g a g e   on  and  i n t e r f i t   w i t h   t h e  

u p p e r   f l a n g e   114c   of  t h e   u n d e r l y i n g   s h e l f   u n i t   in  t h e  

s t a c k   to  s t a b i l i z e   t h e   s t a c k .  

Co lumn  s i d e   w a l l   s l o t s   82a  and  82b  (as   w e l l   as  s l o t s  

84a  and  84b)  a r e   s t a g g e r e d   to  p e r m i t   t he   s h e l f   u n i t   s i d e  

m e m b e r s   114  to   be  p o s i t i o n e d   a t   a l m o s t   any  h e i g h t   o n  

c o l u m n s   34  w i t h i n   a  s e l e c t e d   i n t e r v a l ,   say  a b o u t   an  i n c h .  

The  l o c a t i n g   of  t h e   f o u r   c l i p s   124  r e q u i r e d   to  s u p p o r t   a 

g i v e n   s h e l f   u n i t   109  i s   s i m p l i f i e d   by  p r o v i d i n g   a  s c a l e  

142  on  t he   f r o n t   w a l l   52  of  each   c o l u m n   as  shown  i n  

FIG.   4.  I t   i s   i m p o r t a n t   to  n o t e   a l s o   t h a t ,   w h i l e   t h e  

c l i p s   124  f i r m l y   s u p p o r t   t he   s h e l f   u n i t s ,   t h e y   a r e   q u i t e  

s m a l l   and  c o m p a c t .   T h e r e f o r e ,   t h e y   can  be  p o s i t i o n e d   o n  

the   c o l u m n s   34  v e r y   c l o s e   to  the   l o w e r   e n d s   of  t h e  

c o l u m n s ,   u n l i k e   t he   s h e l f   s u p p o r t s   in  o t h e r   r a c k s   such   a s  

t he   one  d e s c r i b e d   in  t he   a f o r e m e n t i o n e d   p a t e n t   3 , 9 0 0 , 1 1 2 .  

C o n s e q u e n t l y ,   more   v e r t i c a l   s p a c e   i s   a v a i l a b l e   in  e a c h  

r a c k   bay  f o r   s h e l f   s t o r a g e .  

As  e a c h   s h e l f   u n i t   109  can  be  a d j u s t a b l y   p o s i t i o n e d  

h e i g h t w i s e   in  t h e   r a c k   a s s e m b l y   1 2 b ,   a t   any  d e s i r e d   a n g l e  

of  i n c l i n a t i o n ,   so  too   can  i t   be  a d j u s t a b l y   p o s i t i o n e d   i n  

t h e   f o r e   and  a f t   d i r e c t i o n   in  t h e   a s s e m b l y .   T h i s   s i m p l y  

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

m o v i n g   i t   f o r e   or  a f t   w i t h i n   t h e   r a c k   bay  to  t h e   r i g h t  

p o s i t i o n   and  t h e n   l o w e r i n g   t h e   f r o n t   end  so  t h a t   t h e  

c l i p s   124  e n g a g e   in  t h e   d e s i r e d   s i d e   p l a t e   l e d g e   s l o t s  

116.   To  f a c i l i t a t e   t h i s   f o r e   and  a f t   p o s i t i o n i n g ,   s c a l e s  

a r e   i n s c r i b e d   on  t h e   i n s i d e   f a c e s   of  t he   v e r t i c a l   webs  o f  

t he   s i d e   m e m b e r s   l14   as  shown  a t   144  in  F IG.   4.  T h i s  

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

u n i t   w i l l   be  e n g a g e d   in  c o r r e s p o n d i n g   s l o t s   116  so  t h a t  



t h e   s h e l f   u n i t   i s   s u p p o r t e d   in  a  s q u a r e d - u p   c o n d i t i o n .  

The  s h e l f   u n i t s   of  a  g i v e n   r a c k   a s s e m b l y   12b  may  b e  

p o s i t i o n e d   d i r e c t l y   a b o v e   one  a n o t h e r   in  a  " s q u a r e f r o n t "  

a r r a n g e m e n t   as  shown  in  FIG.  2  or  t he   s h e l f   u n i t s   may  b e  

" l a y b a c k "   as  shown  in  FIG.  1  to   a f f o r d   e a s i e r   a c c e s s   t o  

c a r t o n s   C  and  t o t e s   s u p p o r t e d   on  the   s h e l f   u n i t s   b e c a u s e  

t h e   t o p s   of  t he   c a r t o n s   and  t o t e s   a re   e x p o s e d   m a k i n g   i t  

e a s i e r   to  p i c k   a r t i c l e s   f rom  t h e   c a r t o n s   and  t o t e s .   Of  

c o u r s e ,   t he   " p r o f i l i n g "   of  t h e   s h e l f   u n i t s   in  t he   r a c k  

a s s e m b l y   12b  as  d e s c r i b e d   can  be  a c c o m p l i s h e d   w i t h o u t   a n y  
t o o l s   or  f i e l d   m e a s u r e m e n t s .  

To  p r e v e n t   t he   s h e l f   u n i t s   109  f rom  b e i n g   d i s e n g a g e d  

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

g e n e r a l l y   a t   146  in  FIG.  4  may  be  r e l e a s a b l y   e n g a g e d   t o  

t h e   c o l u m n   j u s t   a b o v e   the   s h e l f   u n i t   s i d e   m e m b e r s   1 1 4 .  

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

r e l a t i v e l y   w ide   head   p o r t i o n   146a  and  a  t a i l   p o r t i o n   1 4 6 b  

f o r m e d   as  a  b a r b   w h i c h   can  s n a p   i n t o   a  s l o t   8 2 a ,   82b,   8 4 a  

or  84b  j u s t   a b o v e   the   t op   of  t he   s h e l f   u n i t   s i d e   m e m b e r  

114.   The  c l i p   i s   r e m o v e d   f rom  t he   s l o t   by  s q u e e z i n g   t h e  

o p p o s i t e   s i d e s   of  t he   head   p o r t i o n   146a  t o g e t h e r .   T h i s  

b e n d s   and  n a r r o w s   t a i l   p o r t i o n   146b  s u f f i c i e n t l y   t o  

p e r m i t   i t s   w i t h d r a w a l   f rom  t h e   s l o t .  

I t   w i l l   be  s e e n   f rom  t he   f o r e g o i n g ,   t h e n ,   t h a t   t h e  

r a c k   s y s t e m   10  d e s c r i b e d   h e r e i n   a c h i e v e s   a l l   of  t h e  

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

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

or  o t h e r   s t o c k   is   r e q u i r e d   and  p a r t i c u l a r l y   in  t h o s e  

l o c a t i o n s   w h e r e   o r d e r s   mus t   be  f i l l e d   by  p i c k i n g  

m e r c h a n d i s e   or  s t o c k   f rom  a  number   of  d i f f e r e n t   c a s e s   o r  

c a r t o n s .  

I t   w i l l   be  s e e n   f u r t h e r   t h a t   t he   o b j e c t s   s e t   f o r t h  

a b o v e ,   among  t h o s e   made  a p p a r e n t   f rom  t h e   p r e c e d i n g  

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



c h a n g e s   may  be  made  in  t h e   a b o v e   c o n s t r u c t i o n   w i t h o u t  

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

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

shown  in  t h e   a c c o m p a n y i n g   d r a w i n g s   be  i n t e r p r e t e d   a s  

i l l u s t r a t i v e   and  n o t   in  a  l i m i t i n g   s e n s e .  

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

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

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



1.  A  r a c k   s y s t e m   c o m p r i s i n g  

A.  a  s e r i e s   of  s p a c e d - a p a r t   v e r t i c a l   f r a m e s  

i n c l u d i n g   s i m i l a r   c o l u m n s ,   each   f r a m e   c o l u m n  

h a v i n g   a  f r o n t   w a l l ,   a  back   w a l l   and  a  p a i r   o f  

f l a n g e d   s i d e   w a l l s   d e f i n i n g   a  c l o s e d ,   f l a n g e d  

box  g i r d e r   h a v i n g   t he   g e n e r a l   s h a p e   of  an  I -  

b e a m ;  

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

m e m b e r s   e x t e n d i n g   b e t w e e n   a d j a c e n t   v e r t i c a l  

f r a m e s ;  

C.  means   f o r   r e l e a s a b l y   c o n n e c t i n g   the   o p p o s i t e  

e n d s   of  e ach   f r a m e   member  to   t he   c o l u m n s   o f  

a d j a c e n t   f r a m e s ,   e ach   s a i d   c o n n e c t i n g   m e a n s  

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

of  t he   c o l u m n   to  o b t a i n   a  h i g h   d e g r e e   of  f i x i t y  

b e t w e e n   the   f r a m e   member  and  the   f r a m e s .  

2.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   1  w h e r e i n   e a c h  

v e r t i c a l   f r a m e   c o m p r i s e s  

A.  a  p a i r   of  s a i d   c o l u m n s   s p a c e d   p a r a l l e l   to  o n e  

a n o t h e r ;  

B.  a  s e r i e s   of  two  or  more  v e r t i c a l l y   s p a c e d  

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

of  s a i d   p a i r ;   a n d  

C.  a  d i a g o n a l   b r a c e   e x t e n d i n g   b e t w e e n   t he   a d j a c e n t  

beams  of  s a i d   beam  s e r i e s ,   each   s a i d   b r a c e  

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

a d j a c e n t   beams  a t   l o c a t i o n s   s p a c e d   a  s e l e c t e d  

a p p r e c i a b l e   d i s t a n c e   f rom  t he   c o n n e c t i o n s   o f  

s a i d   a d j a c e n t   beams   to  t he   n e a r e s t   c o l u m n s ,   s a i d  

d i s t a n c e   b e i n g   r e l a t e d   to  t he   l e n g t h s   of  s a i d  

beams   so  t h a t   t he   f r a m e   c o n s t i t u t e s   a  m o m e n t -  

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



3.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   2  and  f u r t h e r  

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

end  of  e a c h   f r a m e   c o l u m n .  

4.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   1  w h e r e i n  

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

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

f l a n g e s ;  

B.  t h e   o p p o s i n g   s u r f a c e s   of  t he   f l a n g e s   on  e a c h  

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

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

c o l u m n ;   a n d  

C.  e a c h   c o n n e c t i n g   means   c o m p r i s e  

(1)  an  e l o n g a t e d   c o n n e c t o r  

(a)  h a v i n g   a  f i r s t   l i m b ,   a  s e c o n d   l i m b   a n d  

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

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

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

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

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

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

(b)  a  s e r i e s   of  v e r t i c a l l y   s p a c e d ,  

d o w n w a r d l y   open  h o o k s   a t   t he   f r e e   l o n g  

e d g e s   of  s a i d   c o n n e c t o r ,   s a i d  

c o n n e c t o r   b e i n g   a r r a n g e d   and  a d a p t e d  

to  e n g a g e   a b o u t   a  f l a n g e   a t   one  s i d e  

w a l l   of  s a i d   c o l u m n   a t   t he   f r o n t   o r  

r e a r   w a l l   of  t h a t   c o l u m n   so  t h a t   t h e  

h o o k s   on  t he   s e c o n d   c o n n e c t o r   l i m b  

hook  i n t o   t h e   s e r i e s   of  c o l u m n   s l o t s  

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

c o n n e c t o r   l imb   l y i n g   f l u s h   a g a i n s t  



s a i d   one  c o l u m n   s i d e   w a l l   so  t h a t   i t s  

s a i d   h o o k s   p r o j e c t   b e y o n d   t h e   o t h e r  

c o l u m n   f l a n g e   a t   s a i d   one  c o l u m n   s i d e  

w a l l ;   a n d  

(2)  an  e l o n g a t e d   c o n n e c t o r   l o c k   h a v i n g  

(a)  f i r s t   and  s e c o n d   l e g s   o r i e n t e d   more  o r  
l e s s   a t   r i g h t   a n g l e s   to  one  a n o t h e r ,  

(b)  a  s e r i e s   of  v e r t i c a l l y   s p a c e d ,  

d o w n w a r d l y   open  h o o k s   f o r m e d   a t   t h e  

f r e e   l o n g   edge   of  s a i d   f i r s t   l e g ,   a n d  

(c)  a  s e r i e s   of  v e r t i c a l l y   s p a c e d   s l o t s  

f o r m e d   in  s a i d   s e c o n d   l e g ,   s a i d  

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

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

f l a n g e   so  t h a t   i t s   s a i d   h o o k s   h o o k  

i n t o   t he   c o l u m n   s l o t s   a d j a c e n t   to  s a i d  

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

r e c e i v e   the   h o o k s   of  s a i d   c o n n e c t o r   s o  

t h a t   t he   c o n n e c t o r   and  l o c k   c l a m p i n g l y  

e n g a g e   a b o u t   s a i d   one  a d j a c e n t   c o l u m n  

s i d e   w a l l .  

5.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   1  w h e r e i n  

A.  e a c h   s a i d   h o r i z o n t a l   f r a m e   member  c o m p r i s e s   a  

m e t a l   c h a n n e l ;   a n d  

B.  e ach   s a i d   c o n n e c t i n g   means   i n c l u d e  

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

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

a n d  

(2)  s e c o n d   c o m p o n e n t s   w h i c h   i n t e r l o c k   w i t h  

c o r r e s p o n d i n g   ones   of  s a i d   f i r s t  

c o m p o n e n t s .  



6.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   1  w h e r e i n  

A.  e a c h   s a i d   h o r i z o n t a l   f r a m e   member  c o m p r i s e s  

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

i n t e r f i t   t o  f o r m   a  box  g i r d e r ;   a n d  

B.  e a c h   s a i d   c o n n e c t i n g   means   i n c l u d e  

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

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

a n d  

(2)  s e c o n d   c o m p o n e n t s   w h i c h   i n t e r l o c k   w i t h  

c o r r e s p o n d i n g   o n e s   of  s a i d   f i r s t  

c o m p o n e n t s .  

7.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   1  and  f u r t h e r  

i n c l u d i n g  

A.  a  s e r i e s   of  v e r t i c a l l y   s p a c e d   s h e l f   u n i t s  

p o s i t i o n e d   in  t he   s p a c e   b e t w e e n   a d j a c e n t  

v e r t i c a l   f r a m e s ;   a n d  

B.  means   f o r   a d j u s t a b l y   s e c u r i n g   t he   o p p o s i t e   s i d e s  

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

a d j a c e n t   f r a m e s .  

8.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   7  w h e r e i n   s a i d  

s h e l f   u n i t s   a r e   of  t he   i n c l i n i n g   g r a v i t y - f l o w   t y p e .  



9.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   8  w h e r e i n   e a c h  

s h e l f   u n i t   i n c l u d e s  

A.  a  p a i r   of  s p a c e d - a p a r t   p a r a l l e l   s i d e   m e m b e r s ;  

B.  a  p a i r   of  s p a c e d - a p a r t   p a r a l l e l   t r a n s v e r s e  

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

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

: r a m e ;  

C.  a  p l u r a l i t y   of  s p a c e d - a p a r t   p a r a l l e l   r o l l e r  

t r a c k s   p o s i t i o n e d   b e t w e e n   s a i d   s i d e   m e m b e r s ;   a n d  

D.  means   f o r   r e l e a s a b l y   c o n n e c t i n g   t he   o p p o s i t e  

e n d s   of  s a i d   t r a c k s   to  s a i d   t r a n s v e r s e   m e m b e r s .  

10.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   9  w h e r e i n   s a i d  

s e c u r i n g   means   i n c l u d e  

A.  a  s e r i e s   of  v e r t i c a l l y   s p a c e d   o p e n i n g s   in  t h e  

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

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

B.  h a n g e r   c l i p s   e n g a g e d   in  s a i d   s i d e   w a l l   o p e n i n g s  

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

m e m b e r s   so  as  to  s u p p o r t   t he   s h e l f   u n i t   f r o m  

b e l o w .  

11.  A  r a c k   s y s t e m   c o m p r i s i n g  

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

s a i d   f r a m e   i n c l u d i n g  

(1)  a  p a i r   of  c o l u m n s   s p a c e d   p a r a l l e l   to  o n e  

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

back   w a l l   and  a  p a i r   of  s i d e   w a l l s   w h i c h  

t o g e t h e r   form  a  box  g i r d e r ;  

(2)  a  s e r i e s   of  two  or  more  p a r a l l e l   h o r i z o n t a l  

beams  c o n n e c t e d   b e t w e e n   e a c h   p a i r   o f  



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

t h e r e a l o n g ;   a n d  

(3)  a  d i a g o n a l   b r a c e   e x t e n d i n g   b e t w e e n   e a c h  

p a i r   of  a d j a c e n t   b e a m s ,   e ach   s a i d   b r a c e  

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

p a i r   of  a d j a c e n t   beams   a t   l o c a t i o n s   s p a c e d  

a  s e l e c t e d   a p p r e c i a b l e   d i s t a n c e   f rom  t h e  

c o n n e c t i o n s   of  s a i d   p a i r   of  a d j a c e n t   b e a m s  

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

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

s a i d   beams   so  t h a t   t he   f r a m e   c o n s t i t u t e s   a 

m o m e n t - r e s i s t i n g   e c c e n t r i c   b r a c e d   f r a m e  

s t r u c t u r e ;   a n d  

B.  means   f o r   r e l e a s a b l y   m a i n t a i n i n g   a d j a c e n t   p a i r s  

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

12.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   11  w h e r e i n   t he   t w o  

e n d - m o s t   h o r i z o n t a l   beams  of  e a c h   v e r t i c a l   f r a m e   a r e  

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

t h a t   f r a m e .  

13.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   11  w h e r e i n   s a i d  

c o l u m n s ,   beams   and  b r a c e s   a r e   a l l   box  g i r d e r s .  

14.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   13  w h e r e i n   t h e  

c o l u m n s   h a v e   t h e   g e n e r a l   s h a p e   of  a  t u b u l a r   I - b e a m .  



15.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   14  and  f u r t h e r  

i n c l u d i n g  

A.  a  p a i r   of  f o o t   p l a t e s   f o r   e ach   s a i d   f r a m e ;   a n d  

B.  means   on  t he   p l a t e s   f o r   r e l e a s a b l y   e n g a g i n g   i n t o  

t he   e n d s   of  t he   c o l u m n s   a t   one  end  of  t he   f r a m e .  

16.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   14  w h e r e i n  

A.  e a c h   of  s a i d   I - b e a m - s h a p e d   c o l u m n s   has   a  s e r i e s  

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

w a l l s   a d j a c e n t   to  i t s   f l a n g e s ;  

B.  t h e   f l a n g e s   on  e a c h   s a i d   c o l u m n   a r e   w e d g e -  

s h a p e d ;   a n d  

C.  t h e   m a i n t a i n i n g   means   c o m p r i s e  

(1)  a  p l u r a l i t y   of  h o r i z o n t a l   f r a m e   m e m b e r s  

e x t e n d i n g   b e t w e e n   t he   c o r r e s p o n d i n g   c o l u m n s  

of  a d j a c e n t   v e r t i c a l   f r a m e s ,  

(2)  c o n n e c t o r   means   m o u n t e d   to  t he   o p p o s i t e  

e n d s   of  e a c h   h o r i z o n t a l   f r a m e   member ,   e a c h  

c o n n e c t o r   means   h a v i n g   a  c u r v e d   w a l l  

a r r a n g e d   to  wedge   a g a i n s t   a  f l a n g e   of  t h e  

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

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

hook  i n t o   t he   c o l u m n   o p e n i n g s   a d j a c e n t   t o  

t h a t   w e d g e d - a g a i n s t   f l a n g e   and  a l s o   h a v i n g  

a  s e r i e s   of  v e r t i c a l l y   s p a c e d - a p a r t  

o p e n i n g s ;   a n d  

(3)  c o n n e c t o r   l o c k   means   h a v i n g   a  c u r v e d   w a l l  

a r r a n g e d   to  e n g a g e   a b o u t   t he   o t h e r   c o l u m n  

f l a n g e   t h a t   i s   on  the   same  s i d e   of  t h e  

c o l u m n   o p p o s i t e   s a i d   w e d g e d - a g a i n s t   f l a n g e ;  

h a v i n g   a  f i r s t   s e r i e s   of  v e r t i c a l l y   s p a c e d -  

a p a r t   h o o k s   a r r a n g e d   to  e n g a g e   in  t h e  

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



c o l u m n   f l a n g e   and  h a v i n g   a  s e r i e s   o f  

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

e n g a g e   in  s a i d   c o n n e c t o r   means   o p e n i n g s ,  

s a i d   h o o k s   and  o p e n i n g s   b e i n g   a r r a n g e d   a n d  

a d a p t e d   so  t h a t ,   when  a  v e r t i c a l   l o a d   i s  

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

a s s o c i a t e d   c o n n e c t o r   means   and  c o n n e c t o r  

l o c k   means   a r e   d r awn   t o g e t h e r   v e r y   t i g h t l y  

a g a i n s t   s a i d   wedged   a g a i n s t   o t h e r   c o l u m n  

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

them  so  as  to   d e v e l o p   a  h i g h   d e g r e e   o f  

f i x i t y   b e t w e e n   t h a t   h o r i z o n t a l   f r a m e   m e m b e r  

and  the   a d j a c e n t   c o l u m n .  

17.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   16  w h e r e i n   e a c h  

h o r i z o n t a l   f r a m e   member  i s   a  c h a n n e l - s h a p e d   sway  b r a c e .  

18.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   16  w h e r e i n   e a c h  

h o r i z o n t a l   f r a m e   member  i s   a  p a l l e t   b a r .  

19.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   18  w h e r e i n   e a c h  

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

o v e r l a p   and  i n t e r f e r e   to  form  a  t u b e   h a v i n g   d o u b l e   w a l l  

t h i c k n e s s   a t   s e l e c t e d   l o c a t i o n s   a r o u n d   t he   t u b e   t h a t   a r e  

s u b j e c t e d   to  t h e   mos t   s t r e s s   when  t he   ba r   i s   s u b j e c t e d   t o  

a  v e r t i c a l   l o a d .  

20.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   16  w h e r e i n  

A.  e a c h   c o n n e c t o r   means   i n c l u d e   an  e l o n g a t e d   f o r m e d  

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

s e c t i o n   whose   s a i d   h o o k s   a r e   l o c a t e d   a t   t h e   e n d  

of  t h e   s h o r t   l i m b   of  the   p l a t e   and  whose   s a i d  



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

l o n g   l i m b   of  t he   p l a t e ;   a n d  

B.  e a c h   c o n n e c t o r   l o c k   means   i n c l u d e   an  e l o n g a t e d  

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

a r e   l o c a t e d   a t   t he   end  of  one  l eg   of  t h e   s e c t i o n  

and  whose   s a i d   o p e n i n g s   a r e   l o c a t e d   a d j a c e n t   t o  

t h e   end  of  t he   o t h e r   l eg   of  t he   s e c t i o n   a n d  

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

e d g e s   p r o x i m a l   to  s a i d   o t h e r   l eg   end  a r e  

i n c l i n e d   d o w n w a r d l y - i n w a r d l y   away  f rom  s a i d  

o t h e r   l eg   e n d .  

21.  A  r a c k   s y s t e m   c o m p r i s i n g  

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

w h i c h   i n c l u d e s   a  p a i r   of  s i m i l a r   c o l u m n s ,   e a c h  

f r a m e   c o l u m n   h a v i n g   a  f r o n t   w a l l ,   a  back   w a l l  

and  a  p a i r   of  f l a n g e d   s i d e   w a l l s   d e f i n i n g   a  

c l o s e d ,   f l a n g e d   box  g i r d e r   h a v i n g   t he   g e n e r a l  

s h a p e   of  an  I - b e a m ;  

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

member s   e x t e n d i n g   b e t w e e n   c o r r e s p o n d i n g   c o l u m n s  

of  a d j a c e n t   v e r t i c a l   f r a m e s ;  

C.  means   f o r   r e l e a s a b l y   c o n n e c t i n g   the   o p p o s i t e  

e n d s   of  e a c h   f r a m e   member  to   s a i d   a d j a c e n t  

c o l u m n s , e a c h   s a i d   c o n n e c t i n g   means   c l a m p i n g l y  

e n g a g i n g   a b o u t   t he   a d j a c e n t   f l a n g e d   s i d e   w a l l   o f  

t he   a d j a c e n t   c o l u m n   to  o b t a i n   a  h i g h   d e g r e e   o f  

f i x i t y   b e t w e e n   t he   h o r i z o n t a l   f r a m e   member s   a n d  

t he   v e r t i c a l   f r a m e s ;  

D.  one  or  more  s e r i e s   of  v e r t i c a l l y   s p a c e d - a p a r t  

s l o t s   f o r m e d   in  each   s i d e   w a l l   of  e a c h   f r a m e  

c o l u m n ;  



E.  a  s e r i e s   of  v e r t i c a l l y   s p a c e d - a p a r t   s h e l f   u n i t s  

l o c a t e d   in  t h e   s p a c e   b e t w e e n   t h e   a d j a c e n t  

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

a n d  

F.  a  h a n g e r   c l i p   h o o k e d   i n t o   a  c o l u m n   s l o t   of  e a c h  

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

s a i d   c o l u m n ,   a l l   of  s a i d   c l i p s   on  s a i d   a d j a c e n t  

u m n s   p r o j e c t i n g   i n t o   s a i d   s p a c e   so  as  t o  

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

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

s e l e c t e d   e l e v a t i o n   and  f r o n t - t o - b a c k   i n c l i n a t i o n  

on  s a i d   a d j a c e n t   c o l u m n s .  

22.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   21  w h e r e i n   e a c h  

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

A.  a  n o t c h   in  i t s   l o w e r   edge   w h i c h   s e a t s   on  t h e  

l o w e r   edge   of  t he   c o l u m n   s l o t   i n t o   w h i c h   t h e  

c l i p   i s   h o o k e d ;  

B.  an  u p w a r d l y   e x t e n d i n g   arm  w h i c h   e n g a g e s   t h e  

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

s a i d   s l o t ;  

C.  an  u p w a r d l y   e x t e n d i n g   n o s e   w h i c h   p r o j e c t s   i n t o  

s a i d   s p a c e   o p p o s i t e   s a i d   h o o k e d   s l o t   so  as  t o  

e n g a g e   u n d e r   t h e   s h e l f   u n i t ;   a n d  

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

s a i d   n o s e   w h i c h   p r o j e c t   l a t e r a l l y   in  o p p o s i t e  
d i r e c t i o n s   a d j a c e n t   t he   c o l u m n   s i d e   w a l l  

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

f rom  r o c k i n g   l a t e r a l l y   in  s a i d   s l o t .  



23.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   22  w h e r e i n   e a c h  

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

A.  a  p a i r   of  s p a c e d - a p a r t   m i r r o r   image   s i d e   f r a m e s ;  

B.  a  p a i r   of  s p a c e d - a p a r t   t r a n s v e r s e   m e m b e r s  

c o n n e c t e d   to  t he   e n d s   of  t he   s i d e   m e m b e r s   t o  

form  a  g e n e r a l l y   r e c t a n g u l a r   f r a m e ,   e ach   s i d e  

f r a m e   i n c l u d i n g  

(1)  a  v e r t i c a l   w e b ,  

(2)  a  l e d g e   e x t e n d i n g   a l o n g   the   l o w e r   edge   o f  

t h e   web  w h i c h   p r o j e c t s   t o w a r d   t he   o p o s i t e  

s i d e   m e m b e r ,   a n d  

(3)  a  s e r i e s   of  h o l e s   s p a c e d   a l o n g   s a i d   l e d g e  

and  a r r a n g e d   to  r e c e i v e   t he   n o s e   of  a  c l i p  

s u p p o r t i n g   t h a t   s h e l f   u n i t .  

24.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   23  w h e r e i n   t h e  

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

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

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

s u p p o r t   t h a t   u n i t .  

25.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   24  w h e r e i n   e a c h  

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

d e p e n d i n g   f rom  s a i d   l e d g e   and  a n g l e d   t o w a r d   t he   o p p o s i t e  

s i d e   f r a m e s   of  t h a t   u n i t   so  t h a t   when  a  p l u r a l i t y   of  s a i d  

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

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

t he   s i d e   f r a m e   webs  of  the   u n d e r l y i n g   s h e l f   u n i t   so  t h a t  

t he   r e s u l t a n t   s t a c k   of  s h e l f   u n i t s   i s   r e l a t i v e l y   s t a b l e .  



26.  The  r a c k   s y s t e m   d e f i n e d   in  c l a i m   23  and  f u r t h e r  

i n c l u d i n g   k e e p e r   c l i p s  

A.  r e l e a s a b l y   e n g a g e d   in  t he   c o l u m n   s l o t s   a b o v e  

s a i d   h o o k e d   s l o t s   of  s a i d   a d j a c e n t   c o l u m n s  

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

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

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

f rom  s a i d   s i d e   f r a m e   l e d g e   h o l e s .  
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