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©  Joist  hanger,  return  and  straddle  type  joist  hangers  and  method  of  manufacture. 
(si)  Two  embodiments  of  non-welded  joist  hanger  are  descri- 
bed.  The  first  embodiment  (Figures  1  to  9)  is  made  from  a 
constant  width  sheet  metal  blank  formed  to  provide  a  stirrup 
(13)  having  a  base  (14),  side  walls  (15)  projecting  upwardly 
and  rearwardly  from  the  base,  inwardly  turned  abutment  por- 
tions  (19)  formed  by  slitting  the  side  walls  at  (20)  and  abutting 
the  forward  face  of  a  supporting  wall  (13)  and  large  area  bear- 
ing  portions  (22)  resting  on  the  wall  (17).  An  additional  shoe 
plate  (12)  is  mechanically  fixed  by  tongue  and  slot  or  hook 
interengagement  (23,  30)  and  projects  back  to  the  supporting 
wall  (17),  terminating  in  a  rear  flange  (25).  In  a  second  embodi- 
ment,  the  central  portion  of  the  blank  is  enlarged  to  provide  an 
integral  stirrup  base  (46)  extending  rearwardly  to  the  support- 
ing  wall  and  an  upturned  or  do  wnturned  central  flap  (51  )  at  the 
rear  of  the  stirrup  abutting  the  supporting  wall.  A  return 
member  (65)  and  a  straddle  member  (70)  can  be  used  with  the 
joist  hanger  to  provide  return  or  straddle  hangers  using 
purely  mechanical  i  nter-en  gage  ment  without  welding.  The  in- 
vention  also  describes  a  method  of  making  the  blank. 
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T I T L E ;   J o i s t .   H a n g e r ,   R e t u r n   and  S t r a d d l e   Type  J o i s t  

H a n g e r s   and   M e t h o d s   of  M a n u f a c t u r e .  

0 0  T h i s   i n v e n t i o n   r e l a t e s   to   a  j o i s t   h a n g e r .  

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

05  b u i l d i n g .   The  s t r u c t u r a l   t i m b e r   may  be  a  j o i s t   or  a  r o o f  
t r u s s   f o r   e x a m p l e .   Such  a  h a n g e r   w i l l   be  r e f e r r e d   to   i n  
t h i s   d e s c r i p t i o n   u n d e r   t h e   g e n e r i c   t e r m   " j o i s t   h a n g e r "  
i r r e s p e c t i v e   of  w h a t   t y p e   of  t i m b e r   or   t i m b e r   a s s e m b l y   i t  
i s   i n t e n d e d   t o   s u p p o r t .  

10  

A  c o n v e n t i o n a l   f o rm  of  j o i s t   h a n g e r   e m p l o y s   a  g e n e -  
r a l l y   l a z y   Z  s e c t i o n   of   t h i n   g a u g e   g a l v a n i s e d   s t e e l ,  
h a v i n g   s i d e   s t r a p s   w e l d e d   b e t w e e n   t h e   u p r i g h t   and  l o w e r  
h o r i z o n t a l   p a r t   of  t h e   s e c t i o n .   In   u s e ,   t h e   j o i s t   s i t s  

lb  in   t h e   s h o e   f o r m e d   by  t h e   u p r i g h t   and   l o w e r   h o r i z o n t a l  

p a r t   and   t h e   s t r a p s .   The  u p p e r   h o r i z o n t a l   p a r t   f o r m s   a  
b e a r i n g   p o r t i o n   w h i c h   r e s t s   on  t o p   of   a  m a s o n r y   e l e m e n t  
such   as  a  b r i c k   or  b l o c k   of  t h e   l o a d   b e a r i n g   w a l l .  

2^  J o i s t   h a n g e r s   of  t h i s   g e n e r a l   t y p e   h a v e   b e e n   in  u s e  
f o r   many  y e a r s   b u t   t h e y   h a v e   c e r t a i n   d i s a d v a n t a g e s .   F i r -  
s t l y ,   t h e   w e l d i n g   r e q u i r e d   t o   f o r m   t h e   s h o e   c an   o n l y   b e  
a c h i e v e d   i f   t h e   z i n c   c o a t i n g   on  t h e   m e t a l   i s   r e l a t i v e l y  
t h i n   or   i f   t h e   h a n g e r   is   g a l v a n i s e d   a f t e r   w e l d i n g .  

2 5  

The  l a t t e r   m e t h o d   is   u n s a t i s f a c t o r y   as  i t   is   e x p e n -  
s i v e   and   c a n   c a u s e   d i s t o r t i o n .   H o w e v e r ,   u p - g r a d i n g   o f  
b u i l d i n g   s t a n d a r d s   m e a n   t h a t   a  t h i n   g a l v a n i c   c o a t i n g   i s  
u n a c c e p t a b l e   . 

3U 
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00  A d d i t i o n a l l y ,   t h e   w i d t h   of  t h e   m e t a l   s t r i p   f o r m i n g  
t h e   l a z y   Z  s e c t i o n   i s   e q u i v a l e n t   t o   t h e   w i d t h   o f   t h e  
j o i s t   and   t h e r e f o r e   f o r m s   a  r e l a t i v e l y   n a r r o w   b e a r i n g  
p o r t i o n   r e s t i n g   on  t h e   l o a d   b e a r i n g   w a l l .   i t   d o e s   n o t  
s p r e a d   t h e   l o a d   s u b s t a n t i a l l y   a l o n g   t h e   l e n g t h   of   t h e  

0 5 w a l l   n o r   d o e s   i t   o f f e r   much  l a t e r a l   r e s t r a i n t   t o   t h e  
j o i s t .  

T w o - p a r t   h a n g e r s   h a v e   b e e n   p r o p o s e d   b u t   may  g i v e  
r i s e   to   j o i n t i n g   p r o b l e m s   even   w h e r e   w e l d i n g   i s   n o t   u s e d .  

10 

I t   is   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to   p r o v i d e  
a  new  or   i m p r o v e d   j o i s t   h a n g e r   w h i c h   o v e r c o m e s   or  r e d u c e s  
t h e s e   d i s a d v a n t a g e s   and  w h i c h   i s   e c o n o m i c a l   t o   p r o d u c e .  

15  A c c o r d i n g   t o   t h e   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  j o i s t  
h a n g e r   c o m p r i s i n g   a  s t r i p   of  m a t e r i a l   f o r m e d   t o   p r o v i d e   a  
s t i r r u p   p o r t i o n ;   a  p a i r   of  a b u t m e n t   p o r t i o n s   a d a p t e d   t o  
a b u t   a  f o r w a r d   f a c e   of  a  s u p p o r t i n g   e l e m e n t ;   and   a  p a i r  
of  b e a r i n g   p o r t i o n s   a d a p t e d   to   r e s t   on  a  h o r i z o n t a l   t o p  

20  f a c e   of  t h e   s u p p o r t i n g   e l e m e n t   in   u s e ;  
c h a r a c t e r i s e d   in   t h a t ;  
t h e   s t i r r u p   p o r t i o n   h a s   a  b a s e   and   a  p a i r   of  i n t e -  

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

2 5 r e s p e c t i v e   s i d e   w a l l s   a t   a  s u b s t a n t i a l l y   u p r i g h t   f o l d  
l i n e   so  as  t o   l i e   a t   l e a s t   p a r t l y   w i t h i n   t h e   b o u n d a r y   o f  
t h e   s t i r r u p   d e f i n e d   by  t h e   b a s e   and  s i d e   w a l l s ;  

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

3 0 h o r i z o n t a l   f o l d   l i n e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t ,   f o r   c o n v e n i e n c e   o f  
d e s c r i p t i o n ,   t e r m s   s u c h   as  " u p w a r d l y "   and   " h o r i z o n t a l "  
a r e   u s e d   in   t h i s   d e s c r i p t i o n   to   d e n o t e   t h e   p o s i t i o n s   o f  

3 5 p a r t s   of  t h e   j o i s t   h a n g e r   c o n s i d e r e d   in  use   in  s u p p o r t i n g  
a  t i m b e r .  
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00  The  m a t e r i a l   of   t h e   s t r i p   may  be  s l i t   a t   i t s   f o r w a r d  

e d g e s   to   d e f i n e   t h e   t o p s   of   e a c h   of   t h e   s i d e   w a l l s .   T h e  

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

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

05  The  s i d e   w a l l s   may  e x t e n d   g e n e r a l l y   r e a r w a r d l y   a n d  

u p w a r d l y   f r o m   t h e   b a s e .  

A  s h o e   p l a t e   may  be  s e c u r e d   t o   t h e   b a s e   of   t h e  

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

10  p l a t e   may  e x t e n d   r e a r w a r d l y   of   t h e   b a s e   and   may  h a v e   a  

r e a r   edge   p o r t i o n   s u b s t a n t i a l l y   c o p l a n a r   w i t h   t h e   a b u t -  

m e n t   p o r t i o n s .  

15  The   r e a r   e d g e   p o r t i o n   of  t h e   s h o e   p l a t e   may  b e  

r o l l e d   or   f o l d e d   t o   p r o v i d e   an  e n l a r g e d   b e a r i n g   a r e a  

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

The  s h o e   p l a t e   may  be  s e c u r e d   t o   t h e   b a s e   by  c o o p e -  

20  r a t i n g   i n t e r - e n g a g i n g   f o r m a t i o n s ,   f o r   e x a m p l e   s l o t   a n d  

lug  f o r m a t i o n s   or  hook   f o r m a t i o n s ,   w h i c h   may  be  p e r m a n e n -  

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

The  s h o e   p l a t e   may  h a v e   l o c a t i o n   means   to   e n a b l e   t h e  

2b  s h o e   p l a t e   t o   be  c o r r e c t l y   p o s i t i o n e d   r e l a t i v e   t o   t h e  

b a s e .   The  l o c a t i o n   means   may  be  p r e s s e d   f o r m a t i o n s   a l s o  

a d a p t e d   to   s t i f f e n   t h e   s h o e   p l a t e .  

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

30  i n t e g r a l l y   c o n n e c t e d   w i t h   t h e   b a s e   and   f o l d e d   to   l i e  

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

may  be  f o l d e d   u p w a r d l y   t o   l i e   w i t h i n   t h e   s t i r r u p   or   m a y  

be  f o l d e d   d o w n w a r d l y   to   p r o v i d e   an  e n l a r g e d   b e a r i n g   a r e a ,  

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

J 5  
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00  The   i n v e n t i o n   f u r t h e r   p r o v i d e s   a  r e t u r n   t y p e   j o i s t  

h a n g e r   c o m p r i s i n g   a  j o i s t   h a n g e r   as  s e t   o u t   in   t he   f o r e -  

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

b e a r i n g   p o r t i o n   h a s   a  l o c k i n g   f o r m a t i o n   and   in   t h a t   a  

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

05  one  p a i r   of   c o o p e r a t i n g   l o c k i n g   f o r m a t i o n s ,   t h e   r e t u r n  

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

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

l o c k i n g   f o r m a t i o n s ,   so  as  to   be  a d a p t e d   to   h o o k   o v e r   s a i d  

s u p p o r t i n g   e l e m e n t   in  u s e .  

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

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

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

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

15  r i n g   p o r t i o n   of  e a c h   of  s a i d   j o i s t   h a n g e r s   h a s   a  l o c k i n g  

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

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

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

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

20  m i n g   t h e   r e s p e c t i v e   l o c k i n g   f o r m a t i o n s ,   so  as  t o   b e  

a d a p t e d   t o   s t r a d d l e   s a i d   s u p p o r t i n g   e l e m e n t   in   u s e .  

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

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

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

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

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

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

to   p r o d u c e   b l a n k s   f o r   d i f f e r e n t l y   s i z e d   h a n g e r s .  

30 

The   w i d t h   of  t h e   b l a n k   may  a l s o   be  v a r i e d   f o r   d i f f e -  

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

A  j o i s t   h a n g e r   e m b o d y i n g   t h e   i n v e n t i o n   w i l l   now  b e  

35  d e s c r i b e d   in   m o r e   d e t a i l   by  way  of  e x a m p l e   o n l y   w i t h  

r e f e r e n c e   to   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 ;  
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00  FIGURE  I   i s   a  b l a n k   f r o m   w h i c h   j o i s t   h a n g e r s   o f  

v a r i o u s   s i z e s   can  be  f o r m e d .  

F I G U R E   2  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  a  j o i s t  

h a n g e r   e m b o d y i n g   t h e   i n v e n t i o n .  

Ob 

F I G U R E   3  i s   a  p l a n   v i e w   of   t h e   j o i s t   h a n g e r   o f  

F i g u r e   2 .  

FIGURE  4  i s   a  f r o n t   e l e v a t i o n a l   v i e w   of  t h e   j o i s t  

10  h a n g e r   shown   in  F i g u r e s   2  and  3 .  

FIGURE  5j_  FIGURE  5  &  FIGURE  1_  a r e '   v i e w s   s i m i l a r   t o  

F i g u r e s   2  t o   4  of  a  s m a l l e r   s i z e d   j o i s t   h a n g e r   e m b o d y i n g  

t h e   i n v e n t i o n .  

15  

F I G U R E   8  i s   a  p l a n   v i e w   of   t h e   s h o e   p l a t e   of  t h e  

h a n g e r   shown  in  F i g u r e s   2  to   4 .  

F I G U R E   9  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  t h e   s h o e  

20  p l a t e   of  F i g u r e   8 .  

FIGURE  10.  i s   a  p l a n   v i e w   of   a  b l a n k   f o r   m a k i n g   a  

j o i s t   h a n g e r .  

25  FIGURE  I !   i s   a  j o i s t   h a n g e r   made  f rom  t he   b l a n k   o f  

F i g u r e   10  shown  in  s i d e   e l e v a t i o n ,   in   u s e .  

FIGURE  12  i s   a  f r o n t   e l e v a t i o n a l   v i e w   of  t h e   h a n g e r  

o n l y ,   t a k e n   on  t h e   a r r o w   A  of  F i g u r e   1 1 .  

30  

FIGURE  12  i s   a  f r o n t   e l e v a t i o n a l   v i e w   of  a  s m a l l e r  

s i z e   of  j o i s t   h a n g e r .  

FIGURE  1±  i s   a  d e t a i l   v i e w   of   a  b e a r i n g   p o r t i o n   o f  

35  a  j o i s t   h a n g e r .  

F I G U R E   15  i s   a  p l a n   v i e w   of   a  r e t u r n   t y p e   j o i s t  
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FIGURE  1,6  i s   a  v e r t i c a l   p a r t   s e c t i o n a l   v i e w   of  t h e  
r e t u r n   h a n g e r .  

05  F I G U R E   1_7  i s   a  s i m i l a r   v i e w   t o   F i g u r e   16  of   a  
s t r a d d l e   t y p e   j o i s t   h a n g e r .  

R e f e r r i n g   f i r s t l y   to   F i g u r e s   2  t o   4  of  t h e   d r a w i n g s ,  
a  j o i s t   h a n g e r   g e n e r a l l y   i n d i c a t e d   a t   10  c o m p r i s e s   a  m a i n  

10  p a r t   f o r m e d   f r o m   a  s i n g l e   s h e e t   m e t a l   b l a n k   11  s h o w n   i n  
m o r e   d e t a i l   i n   F i g u r e   1,  t o g e t h e r   w i t h   an  o p t i o n a l   s h o e  
p l a t e   12  shown   in  F i g u r e s   8  and  9 .  

The  b l a n k   11  i s   f o r m e d   i n t o   a  s t i r r u p   p a r t   g e n e r a l l y  
15  i n d i c a t e d   a t   13  w h i c h   i n c l u d e s   a  b a s e   14  a n d   a  p a i r   o f  

s u b s t a n t i a l l y   u p r i g h t   s i d e   w a l l s   15  s p a c e d   t o   f o r m   a  
s e a t i n g   f o r   a  j o i s t   of   a  s p e c i f i c   s i z e .   I t   w i l l   b e  
a p p r e c i a t e d   t h a t   a  r a n g e   of  j o i s t   h a n g e r s   of   v a r y i n g  
w i d t h s   and  d e p t h s   w i l l   be  p r o v i d e d   to   a c c o m m o d a t e   d i f f e -  

20  r e n t   s i z e s   of  j o i s t   (or   o t h e r   t i m b e r )   and  t h e   m a n u f a c t u r e  
of   s u c h   h a n g e r s   u s i n g   t h e   s a m e   b a s i c   b l a n k   s h o w n   i n  
F i g u r e   1  w i l l   be  r e f e r r e d   to   l a t e r .  

E a c h   of   t h e   s i d e   w a l l s   15  w i l l   be  s e e n   t o   e x t e n d  
25  u p w a r d l y   and   r e a r w a r d l y   as  s h o w n   a t   16,   a w a y   f r o m   t h e  

b a s e   14.  m   u s e ,   t h e   b a s e   14  is   p o s i t i o n e d   away   f rom  t h e  
s u p p o r t i n g   e l e m e n t   17  w h i c h   may  be  a  m a s o n r y   w a l l ,   t i m -  
b e r ,   c o n c r e t e   b e a m   or   t h e   l i k e .   T h i s   m e a n s   t h a t   t h e  
p o s i t i o n i n g   of  t h e   j o i s t   w i t h i n   t h e   h a n g e r   can   c l e a r l y   b e  

30  s e e n   and   t h e   end   of  t h e   j o i s t   c a n   be  v e n t i l a t e d   t h r o u g h  
t h e   o p e n i n g   b e h i n d   t h e   i n c l i n e d   e d g e   16  of   t h e   s i d e  
w a l l s .   F a s t e n i n g s   t o   s e c u r e   t h e   j o i s t   in   t h e   s t i r r u p  
p o r t i o n   13  a r e   made  t h r o u g h   t he   f a s t e n i n g   h o l e s   17  s h o w n  
in   F i g u r e   2 .  

35 

E a c h   s i d e   w a l l   15  i s   i n t e g r a l l y   c o n t a c t e d   a t   a  
g e n e r a l l y   u p r i g h t   f o l d   l i n e   18,  to   an  a b u t m e n t   p o r t i o n   1 9  
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^   w h i c h   l i e s   a g a i n s t   t h e   f o r w a r d   f a c e   of  t h e   s u p p o r t i n g  

e l e m e n t   17  in   u s e .   The   a b u t m e n t   p o r t i o n s   a r e   t u r n e d  

i n w a r d l y   t o w a r d s   e a c h   o t h e r   so  as  to   l i e   a t   l e a s t   p a r t l y  

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

and  s i d e   w a l l s .   The  a b u t m e n t   p o r t i o n   19  has   an  e n l a r g e d  

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

20  in  t h e   f o r w a r d   e d g e   of   t h e   b l a n k   e n a b l e s   t h e   p a r t  
a b o v e   t h e   s l i t   t o   e x t e n d   l a t e r a l l y   o u t w a r d l y   so  as  t o  

p r o v i d e   t h e   e n l a r g e d   p o r t i o n s   1 9 a   of   t h e   a b u t m e n t   p o r -  

t i o n s   . 
10  

F i n a l l y ,   e a c h   of   t h e   a b u t m e n t   p o r t i o n s   19  i s   i n t e -  

g r a l l y   c o n n e c t e d   by  a  h o r i z o n t a l   f o l d   l i n e   21  to   a  b e a r -  

i n g   p o r t i o n   22  w h i c h   r e s t s   on  t h e   s u p p o r t i n g   e l e m e n t   1 7 .  

T h i s   may  be  s e c u r e d   in   any   s u i t a b l e   m a n n e r   t o   t h e   s u p p o r -  

t i n g   e l e m e n t ,   f o r   e x a m p l e   by  b e i n g   e m b e d d e d   in   a  m o r t a r  

c o u r s i n g   j o i s t   w h e r e   t h e   s u p p o r t i n g   e l e m e n t   is   a  m a s o n r y  

w a l l ,   or  b e i n g   b o l t e d   or  n a i l e d   in  p l a c e   to   t i m b e r .  

F o r   u s e   in   f a c e   f i x i n g ,   t h e   b e n d   21  c an   be  o m i t t e d  
20  

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

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

t h e   f a c e   of  a  c o n c r e t e   or  m e t a l   b e a m .  

In   a d d i t i o n   t o   t h e   m a i n   s h e e t   m e t a l   b l a n k   11,   t h e  
25  j o i s t   h a n g e r   s h o w n   in   F i g u r e s   2  t o   4  a l s o   i n c l u d e s   a  s h o e  

p l a t e   12  w h i c h   i s   s e c u r e d   by  c o o p e r a t i n g   i n t e r - e n g a g i n g  

f o r m a t i o n s   in   t h e   f o r m   of  a  p a i r   of  p r o j e c t i n g   l u g s   23  

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

14.  C o r r e c t   p o s i t i o n i n g   of  t h e   s h o e   p l a t e   in  t he   s t i r r u p  

13  i s   a s s i s t e d   by  l o c a t i o n   r i b s   24  w h i c h   a l s o   s e r v e   t o  

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

12.  The   e x t r e m e   r e a r   e d g e   25  of   t h e   s h o e   p l a t e   12  i s  

b e n t   d o w n w a r d l y   to   p r o v i d e   an  e n l a r g e d   b e a r i n g   a r e a   a b u t -  

t i n g   t h e   s u p p o r t i n g   e l e m e n t   17  and  s u b s t a n t i a l l y   c o p l a n a r  

w i t h   t h e   a b u t m e n t   p o r t i o n s   1 9 .  

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

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

s t r u c t u r e   17.  T h i s   b e a r i n g   a r e a   i s   p r o v i d e d   by  t h e  

e n l a r g e d   b e a r i n g   p o r t i o n s   22,   e a c h   of   w h i c h   i s   t h e   f u l l  

w i d t h   of   t h e   m e t a l   s t r i p   b l a n k .   I t   w i l l   a l s o   be  s e e n  

05  t h a t   t h e s e   b e a r i n g   e l e m e n t s   e x t e n d   l a t e r a l l y   of  t h e   m a i n  

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

a l o n g   t h e   s u p p o r t i n g   e l e m e n t   17  o v e r   a  c o n s i d e r a b l e   d i s -  

t a n c e .   In  a d d i t i o n   to   r e d u c i n g   l o c a l i s e d   l o a d i n g   of  t h e  

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

10  f o r   e x a m p l e   l i g h t - w e i g h t   b l o c k w o r k ,   t h e   i n c r e a s e d   w i d t h  

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

r e s t r a i n t   to   t he   j o i s t .   A  f l o o r   made  up  on  j o i s t s   s u p p o -  

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

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

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

a  b u i l d i n g .  

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

17  i s   c o n t a c t e d   by  t h e   a b u t m e n t   p o r t i o n s   19,   19a   o v e r   a  

20  s u b s t a n t i a l   a r e a   w h i c h   may  a s s i s t   in  p r o t e c t i n g   t h e   s u p p -  

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

r e l a t i v e l y   s o f t   l i g h t - w e i g h t   b u i l d i n g   b l o c k s .   End  l o a d -  

ing   on  t h e   j o i s t s   is   a l s o   s p r e a d   o v e r   a  s u b s t a n t i a l   a r e a  

and  t h e   l e n g t h   of  t he   f o l d   l i n e s   21  w h i c h   a c t   as  s t i f f e -  

25  n e r s   a l s o   t e n d s   to   i n c r e a s e   t h e   r i g i d i t y   of  t h e   j o i s t  

s u p p o r t .  

In   a  c o n v e n t i o n a l   l a z y   Z  t y p e   j o i s t   h a n g e r ,   t h e r e   i s  

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

30  e l e m e n t   to   s t r a i g h t e n   ou t   u n d e r   j o i s t   l o a d i n g   w h i c h   m a y  

t e n d   t o   c a u s e   t h e   s h o e   p a r t   of   t h e   h a n g e r   to   d r o o p   a n d  

t h e   b e a r i n g   p a r t   to  p u l l   ou t   of  t h e   m a s o n r y .   The  p r e s e n t  

h a n g e r ,   h o w e v e r ,   i s   much  l e s s   p r o n e   t o   t h i s   t y p e   o f  

d e f o r m a t i o n   b e c a u s e   t h e   l o a d   c a r r y i n g   s t i r r u p   13  i s  

35  s p a c e d   f o r w a r d l y   away   f r o m   t h e   s u p p o r t i n g   s t r u c t u r e   1 7  

and  any  l o a d   t e n d i n g   to  " s t r a i g h t e n "   t h e   j o i s t   h a n g e r   i s  

c a r r i e d   as  a  r e a c t i o n   l o a d   on  t h e   d o w n w a r d l y   t u r n e d   r e a r  
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00  edge   25  of  t h e   shoe   p l a t e .  

The  l o n g   u p r i g h t   f o l d   l i n e s   18  a t   w h i c h   t h e   b e a r i n g  

p o r t i o n s   19  m e e t   t h e   s i d e   w a l l s   15  t e n d   t o   s t i f f e n   a n d  

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

05  j o i s t   and   a l s o   e n s u r e   t h a t   t h e   w h o l e   b e a r i n g   p o r t i o n   1 9  

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

1 7 .  

The   s h o e   p l a t e   c o u l d   be  o m i t t e d   f o r   s o m e   a p p l i c a -  

10  t i o n s .   I t   w o u l d   t h e n   be  n e c e s s a r y   to   use   a  s t i r r u p   w h i c h  

made  c o n t a c t   a t   i t s   r e a r   edge   w i t h   t h e   s u p p o r t i n g   s t r u c -  

t u r e   I n   t h i s   c a s e ,   t h e   b l a n k   s h o w n   in  F i g u r e   1  w o u l d  

n e e d   t o   be  m o d i f i e d   to   p r o v i d e   a  b r o a d e r   c e n t r a l   p o r t i o n .  

T h i s   w o u l d   n o t   a c h i e v e   t h e   s a m e   e c o n o m y   in   t h e   u se   o f  

15  m e t a l   as  can   be  o b t a i n e d   u s i n g   t h e   b l a n k   s h o w n   in  F i g u r e  

1,  t o   w h i c h   r e f e r e n c e   w i l l   now  be  m a d e   in   m o r e   d e t a i l .  

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

b l a n k   as  s h o w n   in  F i g u r e   1  i s   u s e d .   T h i s   i s   p r e - g a l v a -  

20  n i s e d   and  i t   w i l l   be  a p p r e c i a t e d   t h a t ,   b e c a u s e   t h e   h a n g e r  

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

be  t h i c k   and   d u r a b l e ,   and  c o r r o s i o n   r e s i s t a n c e   of  t h e  

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

g e r .   A  s e r i e s   of  b l a n k s   can   be  c u t   s i d e - b y - s i d e   f r o m   a  

25  m e t a l   s h e e t   w i t h o u t   s u b s t a n t i a l   w a s t a g e .  

The   b l a n k   11  i n c l u d e s   a  c e n t r a l   p a r t   26  w h i c h   p r o -  
v i d e s   t h e   b a s e   14  and  t h e   l o w e r   u p r i g h t   s e c t i o n s   of  t h e  

s i d e   w a l l s   15.  The  s t r i p   t h e n   c o m p r i s e s   a  p a i r   of  o b l i -  

30  q u e l y   a n g l e d   p a r t s   27  w h i c h   fo rm  t h e   r e a r w a r d l y   i n c l i n e d  

p a r t s   of   t h e   s i d e   w a l l s   15  h a v i n g   t h e i r   i n c l i n e d   e d g e s  

16,  and   w h i c h   a l s o   f o r m   t h e   l o w e r m o s t   r e g i o n s   of  t h e  

a b u t m e n t   p o r t i o n s   1 9 .  

35  The   o p p o s i t e   e d g e   of  t h e   s t r i p   i s   n o t c h e d   a t   20  t o  

p r o v i d e   t h e   d i v i d i n g   p o s i t i o n   b e t w e e n   t h e   u p p e r   e d g e s   o f  

t h e   s i d e   w a l l s   15  and   t h e   l a t e r a l   p r o j e c t i n g   p a r t s   19a  o f  



- 1 0 -  
0 2 1 0 7 4 4  

00  t h e   a b u t m e n t   p o r t i o n s .   The  f o l d   l i n e   21  c an   a l s o   b e  

s e e n .  

In   t h e   c e n t r a l   r e g i o n   26  o f   t h e   s t r i p ,   f o l d i n g   a t  
t he   f o l d   l i n e s   26a.  d e f i n e s   a  s t i r r u p   p o r t i o n   s u i t a b l e   f o r  

0b  m a k i n g   t h e   j o i s t   h a n g e r   s h o w n   i n   F i g u r e s   2  t o   4  of   t h e  

d r a w i n g s .   The   s l o t s   28  a r e   p u n c h e d   o u t   of  t h e   m a t e r i a l  
in  t h e   c e n t r a l   r e g i o n ,   to   r e c e i v e   t h e   c o r r e s p o n d i n g   l u g s  
23  of  t h e   s h o e   p l a t e .  

10  H o w e v e r ,   in  o r d e r   to   make  a  j o i s t   h a n g e r   of  a  s m a l -  
l e r   s i z e   s u c h   as  t h a t   s h o w n   in   F i g u r e s   5  t o   7  of   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   t h e   c e n t r a l   p a r t   26  of  t h e   b l a n k  

11  i s   f o l d e d   a b o u t   t h e   a l t e r n a t i v e   f o l d   l i n e s   29  a n d ,  
i n s t e a d   of  t h e   two  s l o t s   28  b e i n g   p u n c h e d ,   a  s i n g l e   s l o t  

15  30  i s   p u n c h e d   f rom  t h e   c e n t r a l   p a r t   26  of  t h e   s t r i p .   T h e  
s l o t s   20  a r e   n o t   p r o v i d e d   b u t   a r e   r e p l a c e d   by  a l t e r n a t i -  

v e l y   p o s i t i o n e d   s l o t s   31,  c l o s e r   t o   t h e   c e n t r a l   p a r t   o f  
t h e   s t r i p .   H o w e v e r ,   t h e   b l a n k   i s   f o l d e d   a l o n g   t h e   s a m e  
u p r i g h t   f o l d   l i n e   1 8 .  

20  

B e c a u s e   of  t h e   w i d t h   of  t h e   b l a n k ,   t h i s   w o u l d   c a u s e  
t h e   a b u t m e n t   p o r t i o n s   19  a n d   b e a r i n g   p o r t i o n s   21  t o  

o v e r l a p   so  t h e   s h a d e d   r e g i o n   32  of  t h e   s t r i p   i s   a n g l e d  

o u t w a r d l y   as  b e s t   s e e n   in   F i g u r e s   6  and  7  of  t h e   d r a w -  

25  i n g s .   The  e n d s   of   t h e   b l a n k   11  c a n   be  c r o p p e d   o f f   s o  
t h a t   t h e   b e a r i n g   p o r t i o n s   22  a r e   of  s u i t a b l e   s i z e .  

T h i s   a v o i d s   t h e   o t h e r   p o s s i b l e   way  of  e n s u r i n g   t h a t  
t h e   a b u t m e n t   and  b e a r i n g   p o r t i o n s   do  n o t   m e e t   w h i c h   w o u l d  

30  tie  to   e n l a r g e   t h e   l e n g t h   of   t h e   s l o t   31  in  t h e   e d g e   o f  
t h e   b l a n k   11  and  a l t e r   t h e   p o s i t i o n   of  t h e   c o r r e s p o n d i n g  
f o l d   l i n e   18.  T h i s   i s   u n d e s i r a b l e   b e c a u s e   i t   w o u l d  
w e a k e n   t h e   h a n g e r .  

3b  A p a r t   f r o m   t h i s   s l o p i n g   of  t h e   s i d e   w a l l s   a t   32,   t h e  

h a n g e r   s h o w n   in   F i g u r e s   5  t o   7  i s   s i m i l a r   to   t h a t   o f  

F i g u r e s   2  t o   4.  I t   w i l l   be  s e e n ,   h o w e v e r ,   t h a t   t h e   s h o e  
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00  p l a t e   12  i s   n a r r o w e r ,   in  o r d e r   t o   f i t   w i t h i n   t h e   n a r r o w  

s t i r r u p   and   o n l y   h a s   a  s i n g l e   l u g   23  e n g a g e a b l e   w i t h i n  

t h e   s i n g l e   s l o t   30  of  t h e   s t i r r u p   b a s e   14.   A  p a i r   o f  

l o c a t i o n   f o r m a t i o n s   24  a r e ,   h o w e v e r ,   p r o v i d e d   to   e n s u r e  

c o r r e c t   p o s i t i o n i n g   of  t he   s h o e   p l a t e   in  r e l a t i o n   to   t h e  

U5  s t i r r u p .  

F i g u r e s   8  and  9  of  t h e   d r a w i n g s   show  t h e   shoe   p l a t e  

in  m o r e   d e t a i l .   The  l u g s   23  a r e   p r e s s e d   f r o m   t h e   m a t e -  

r i a l   of  t h e   s h o e   p l a t e   12  l e a v i n g   w i n d o w s   33.  The  l o c a -  

•10  t i o n   f o r m a t i o n s   24  a r e   in   t h e   f o r m   of   s h a l l o w   c h a n n e l s  

h a v i n g   s t r a i g h t   ends   34  w h i c h   d e f i n e   t h e   p o s i t i o n   of  t h e  

r e a r   e d g e   o f   t h e   s t i r r u p   b a s e   14  in   u s e .   B e c a u s e   t h e  

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

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

15  p l a t e .   The  d o w n w a r d l y   t u r n e d   r e a r   e d g e   25  a l s o   i n c r e a s e s  

t h e   s t i f f n e s s   of   t h e   s h o e   p l a t e   b u t   in   t h e   o p p o s i t e ,  

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

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

t h e   s u p p o r t i n g   s t r u c t u r e   1 7 .  

20  

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

o f f e r s   s e c u r i t y ,   l a t e r a l   r e s t r a i n t   to   t h e   j o i s t   and  c o n -  

s i d e r a b l e   r e s i s t a n c e   to  d e f o r m a t i o n .   I t s   m a n u f a c t u r e   c a n  

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

2 5 s a m e   m a i n   t o o l i n g   and  m e r e l y   c h a n g i n g   t h e   p o s i t i o n   o f  

s l o t s   and   b e n d   l i n e s   a c c o r d i n g   t o   t h e   s i z e s   r e q u i r e d .  

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

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

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

30  

An  a l t e r n a t i v e   e m b o d i m e n t   of   t h e   j o i s t   h a n g e r   i s  

s h o w n   in  F i g u r e s   10  to   13  of  t h e   d r a w i n g s ,   t h i s   f o r m   o f  

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

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

3 5 b l a n k   u sed   f o r   t h e   f i r s t   e m b o d i m e n t   of  h a n g e r .  

R e f e r r i n g   f i r s t l y   to   F i g u r e   10  of  t h e   d r a w i n g s ,   a  
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0°  b l a n k   40  f o r   m a k i n g   a  j o i s t   h a n g e r   i s   f o r m e d   f r o m   a  

s i n g l e   p i e c e   of   s h e e t   m e t a l .   W h i l s t   t h i s   may  be  s t a i n -  

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

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

s i n c e   no  j o i n t i n g   e i t h e r   by  w e l d i n g   or  m e c h a n i c a l   m e a n s  
05  i s   r e q u i r e d   in   t h e   c o n s t r u c t i o n   of  t h e   h a n g e r .  

The   b l a n k   40  i s   c r o p p e d   f r o m   s h e e t   m e t a l   w h i c h   m a y  
h a v e   a  s t r i p   w i d t h   as  s h o w n   in   f u l l   l i n e s   or   may  t e r m i -  

n a t e   a t   t h e   d o t t e d   l i n e s   41  and   41ei,  f o r   m a k i n g   s m a l l  
10  s i z e s   of  h a n g e r .   The   c r o p p i n g   o p e r a t i o n   i s   c a r r i e d   o u t  

u s i n g   o p p o s e d   c r o p p i n g   t o o l s   and,   by  s e l e c t i v e l y   v a r y i n g  
t h e   s p a c i n g   b e t w e e n   t h e   t o o l s ,   b l a n k s   f o r   d i f f e r e n t   s i z e s  

of  h a n g e r   can   be  made  w i t h o u t   r e q u i r i n g   d i f f e r e n t   t o o l i n g  

f o r   e a c h   s i z e ,  
l b  

The  b l a n k   c o m p r i s e s   a  c e n t r a l   p o r t i o n   42  w h i c h   w i l l  

f o r m   t h e   s h o e   i n t o   w h i c h   a  j o i s t   i s   i n s e r t e d ,   and  a  p a i r  
o f   s i d e   s t r i p s   43  l i n k e d   t o   t h e   c e n t r a l   p o r t i o n   by  a  

g u s s e t   44 .   A  p a i r   of   o p p o s e d   a n g u l a r   c u t - o u t s   45  a r e  
20  p r o v i d e d   in  t h e   l o n g i t u d i n a l   edge   of  t h e   b l a n k ,   e a c h   c u t -  

o u t   45  h a v i n g   i t s   m o r e   c e n t r a l   e d g e   46  a n g l e d   a t   a n  
o b t u s e   a n g l e ,   t y p i c a l l y   60° ,   to   t h e   g e n e r a l   l o n g i t u d i n a l  

a x i s   of  t h e   b l a n k .   The  o u t e r   a n g l e d   e d g e   47  of   t h e   c u t -  

o u t   i s   more   a c u t e l y   a n g l e d ,   t y p i c a l l y   a t   30° ,   so  t h a t   t h e  
^5  i n c l u d e d   a n g l e   of  t h e   c u t - o u t   45  i s   9 0 ° .   T h e s e   a n g l e s  

c a n   be  v a r i e d   s l i g h t l y   i f   d e s i r e d   p r o v i d e d   t h a t   t h e  
i n c l u d e d   a n g l e   d o e s   n o t   f a l l   b e l o w   9 0 ° .   The  e d g e   47  o f  
t h e   c u t - o u t   m e e t s   a  f u r t h e r   e d g e   48  w h i c h   i s   a t   r i g h t  

a n g l e s   to   t h e   l o n g i t u d i n a l   a x i s   of  t he   b l a n k .   T h i s   e d g e  
2°  48  i s   o m i t t e d   i f   a  n a r r o w   b l a n k   h a v i n g   t h e   b o u n d a r y   4 1 j i  

i s   u s e d .  

The  c u t - o u t s   45  e f f e c t i v e l y   d e f i n e   b e t w e e n   them  t h e  
w i d t h   of  t h e   j o i s t   r e c e i v i n g   s h o e   w h i c h   i s   f o r m e d   f r o m  

t h e   c e n t r a l   p a r t   42  of  t h e   b l a n k   by  t r a n s v e r s e l y   f o l d i n g  

a l o n g   t h e   l i n e s   49 .   A  l o n g i t u d i n a l   f o l d   l i n e   50  l i n k s  

t h e   a p i c e s   of  t h e   c u t - o u t s   45  and   d e f i n e s   a  r e a r   f l a p   5 1  
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00  w h i c h   c a n   be  t u r n e d   u p w a r d l y   t o   d e f i n e   p a r t   of   t h e   b a c k  

of  t h e   s h o e   or   w h i c h   can  be  t u r n e d   d o w n w a r d l y   in   a  m o d i -  

f i c a t i o n .  

T h e   l o n g i t u d i n a l   f o l d   l i n e   50  c o n t i n u e s   a t   52  i n t o  
^b  t h e   s i d e   s t r i p s   43  and   t e r m i n a t e s   a t   a  n o t c h   53  i n   t h e  

u p p e r   e d g e   of   t h e   b l a n k   as  s h o w n .   The   p o r t i o n s   of   t h e  

b l a n k   54  b e y o n d   t h e   n o t c h e s   53  f o r m   t h e   b e a r i n g   p o r t i o n s  

of  t h e   h a n g e r .  

I t   w i l l   be  s e e n   t h a t   t h e   b l a n k   40  i s   s y m m e t r i c a l  

a b o u t   t h e   c e n t r e   l i n e   55.  In  o r d e r   t o   make  s m a l l e r   s i z e s  

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

t h e   d o t t e d   l i n e s   41  and   4 1 a   i s   u s e d   and   t h e   c r o p p i n g  

t o o l s   a r e   a d v a n c e d   t o w a r d s   e a c h   o t h e r   so  t h a t   t h e   c u t -  

o u t s   a d o p t   t h e   d o t t e d   l i n e   p o s i t i o n s   45ei.  The  t r a n s v e r s e  

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

a t   4 9 a .   I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   o v e r a l l   l e n g t h  

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

t h a t   t h e   g u s s e t s   44  and   n o t c h e s   53  a t   e i t h e r   end   of   t h e  

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

in  f u l l   l i n e s   in  t h e   d r a w i n g .  

R e f e r r i n g   now  to   F i g u r e s   11  and  12  of  t h e   d r a w i n g s ,  

t h e s e   i l l u s t r a t e   a  l a r g e   s i z e   j o i s t   h a n g e r   made  f r o m   t h e  
25  

b l a n k   of  F i g u r e   10.   The   b a s e   56  of  t h e   s t i r r u p   p o r t i o n  

57  c o r r e s p o n d s   t o   t h e   c e n t r a l   p a r t   42  of   t h e   b l a n k   b e t -  

w e e n   t h e   f o l d   l i n e s   49 ,   t h e   p o s i t i o n   of   w h i c h   i s   i n d i -  

c a t e d .   The   s t i r r u p   p o r t i o n   57  of   t h e   h a n g e r   a l s o   h a s  

s i d e   w a l l s   58  and   t h e   p o s i t i o n   of  t h e   g u s s e t   44  and   n o t c h  

53  c a n   be  s e e n .   The   l o n g i t u d i n a l   f o l d   l i n e s   52  of   t h e  

b l a n k   a r e   a l s o   i n d i c a t e d .  

The   c e n t r a l   f l a p   51  can   be  s e e n   a t   t h e   r e a r   of   t h e  

shoe   p o r t i o n   b e n t   u p w a r d l y   a l o n g   t h e   f o l d   l i n e   50.  A b u t -  

m e n t   p o r t i o n s   59  a r e   f o r m e d   f r o m   t h e   p a r t s   of   t h e   s i d e  

m e m b e r s   43  of   t h e   b l a n k   w h i c h   a r e   s h o w n   b e l o w   t h e   f o l d  

l i n e   52.  T h e s e   a b u t m e n t   p o r t i o n s   a r e   c o p l a n a r   w i t h   t h e  
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00  f l a p   51  a n d   i t   w i l l   be  a p p r e c i a t e d   t h a t ,   w h e n   a  r i g h t  

a n g l e d   f o l d   i s   m a d e   a t   52  a n d   a t   49  on  t h e   b l a n k   40 ,   t h e  

e d g e s   46  and   47  of  t h e   c u t - o u t s   come  i n t o   c l o s e   p r o x i m i t y  

a t   t h e   r e a r   of  t h e   s h o e   as  s h o w n .  

The  a b u t m e n t   p o r t i o n s   59  become   w i d e r ,   t a k i n g   up  t h e  

f u l l   w i d t h   of  t h e   s t r i p ,   a b o v e   t h e   p o s i t i o n   of   t h e   n o t -  
c h e s   53  a n d   a r e   f o l d e d   t r a n s v e r s e l y   a t   60  t o   f o r m   b e a r i n g  
p o r t i o n s   61  t o   r e s t   on  a  s u p p o r t i n g   s t r u c t u r e   s u c h   as  a  
w a l l .   As  a  f i n a l   s t a g e   o f   m a n u f a c t u r e ,   s t i f f e n i n g   r i b s  

62  a r e   p r e s s e d   i n t o   t h e   m a t e r i a l   of  t h e   h a n g e r   l i n k i n g  
t h e   a b u t m e n t   p o r t i o n s   59  and  b e a r i n g   p o r t i o n s   6 1 .  

In  a  m o d i f i c a t i o n ,   w h i c h   i s   shown  in   d o t t e d   l i n e s   i n  

F i g u r e   12 ,   t h e   f l a p   51  i s   b e n t   d o w n w a r d l y   a t   t h e   f o l d  
l i n e   50  t o   p r o v i d e   a  r e a r   a b u t m e n t   5 1 a   w h i c h   i s   a g a i n  
c o p l a n a r   w i t h   t h e   a b u t m e n t   p o r t i o n   59  of  t h e   s i d e   s t r a p s .  
The  p r e s e n c e   of  s u c h   a  l o w e r   a b u t m e n t   51a   e f f e c t i v e l y   i n -  

c r e a s e s   t h e   v e r t i c a l   h e i g h t   of   t h e   h a n g e r   a g a i n s t   t h e  

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

a c t i n g   on  t h e   b e a r i n g   p o r t i o n s   6 1 .  

I t   w i l l   be  s e e n   t h a t   t h e   j o i s t   h a n g e r   a g a i n   h a s   a  
much   g r e a t e r   w i d t h   t h a n   t h e   j o i s t   t o   g i v e   l a t e r a l   r e s -  
t r a i n t   a n d   t h i s   i s   a l s o   a s s i s t e d   by  t h e   p r e s e n c e   of   t h e  

2b  
t r a n s v e r s e   f o l d s   60  and   50  and  t h e   s t i f f e n i n g   r i b   6 2 .  
The  l a r g e   b e a r i n g   a r e a   o f   t h e   b e a r i n g   p o r t i o n s   r e d u c e s  
t h e   l o c a l i s e d   l o a d i n g   on  t h e   s u p p o r t i n g   s t r u c t u r e   w h i c h  

may  be  a d v a n t a g e o u s   w h e r e   t h i s   of  l i g h t w e i g h t   b l o c k w o r k  
of  low  l o a d   b e a r i n g   c a p a c i t y ,   or  of  t i m b e r   f o r   e x a m p l e .  

30 

Any  t e n d e n c y   f o r   t h e   f o r w a r d   or  o p e n   end   of  t h e   s h o e  
t o   s a g   d o w n w a r d l y   u n d e r   l o a d   i s   r e s i s t e d   by  t h e   l o n g ,  
r e l a t i v e l y   s t i f f   a n g l e d   s e c t i o n s   f o r m e d   b e t w e e n   t h e   s i d e  
w a l l s   58  and   t h e   a b u t m e n t   p o r t i o n s   59,  l i n k e d   by  t h e   l o n g  
f o l d   l i n e   52.   The   h a n g e r   i s   t h e r e f o r e   e x t r e m e l y   r i g i d  

c o m p a r e d   w i t h   c o n v e n t i o n a l   h a n g e r s .  
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00  F i g u r e   13  s h o w s   a  s m a l l   s i z e d   j o i s t   h a n g e r   made  f r o m  
a  b l a n k   u s i n g   t h e   same  t o o l i n g   as  t h e   l a r g e   s i z e d   h a n g e r  
b u t   a c t i n g   on  a  n a r r o w e r   s t r i p   of  m e t a l   b e t w e e n   t h e  
d o t t e d   l i n e   41  and   t h e   l o w e r   d o t t e d   l i n e   41a_  of   t h e   b l a n k  
s h o w n   in   F i g u r e   10.  The  t w o   p a r t   c r o p p i n g   t o o l s   a r e  

05  m o v e d   so  t h a t   t h e   c u t - o u t s   a d o p t   t h e   p o s i t i o n   s h o w n   a t  
45ji  and   t h e   b l a n k   i s   t h e n   f o l d e d   in   p r e c i s e l y   t h e   s a m e  
m a n n e r   as  b e f o r e   r e s u l t i n g   in   t h e   h a n g e r   s h o w n   in   f r o n t  
e l e v a t i o n   in   F i g u r e   13.  I t   w i l l   be  n o t e d   t h a t   t he   l e s s e r  
w i d t h   of  t h e   s t r i p   r e s u l t s   in   t h e   a b s e n c e   of   t h e   e d g e s   4 8  

10  to   p r e v e n t   o v e r l a p   of  t h e   a b u t m e n t   p o r t i o n s   59  i n   t h e  
s m a l l e r   s i z e   of  h a n g e r .   The   r e d u c t i o n   in   t h e   a m o u n t   o f  
m e t a l   d o e s   n o t   g i v e   r i s e   t o   s t r e n g t h   p r o b l e m s   s i n c e   t h e  
l o a d   b e a r i n g   c a p a c i t y   of  t h e   s m a l l e r   j o i s t   i s   of  c o u r s e  
l e s s   t h a n   a  l a r g e r   j o i s t   and  t h e r e f o r e   t he   h a n g e r   l o a d i n g  

15  is   c o r r e s p o n d i n g l y   r e d u c e d .  

F i g u r e s   14  t o   17  i l l u s t r a t e   some   m o d i f i e d   f o r m s   o f  
t h e   j o i s t   h a n g e r   u s e d   in   c o n d i t i o n s   w h e r e   a  r e t u r n   o r  
s t r a d d l e   t y p e   j o i s t   h a n g e r   i s   r e q u i r e d .  

20 

A  r e t u r n   t y p e   j o i s t   h a n g e r   i s   p a r t i c u l a r l y   u s e d   i n  
c i r c u m s t a n c e s   w h e r e   t h e r e   a r e   no t   many  c o u r s e s   of  m a s o n r y  
above   t h e   p o s i t i o n   of  t h e   j o i s t   h a n g e r   in  a  m a s o n r y   w a l l .  
I t   i s   t h e r e f o r e   n e c e s s a r y   f o r   t h e   h a n g e r   t o   be  p r o v i d e d  

25  w i t h   a  r e t u r n   m e m b e r   t o   h o o k   o v e r   t h e   m a s o n r y   and  h o l d   i t  
s t e a d y .  

F i g u r e   14  of  t h e   d r a w i n g s   s h o w s   in  d e t a i l   t h e   p o r -  
t i o n s   61  of   t h e   b l a n k   a t   t h e   e x t r e m e   f r e e   e n d s ,   w h i c h  

3U  f o r m   t h e   b e a r i n g   p o r t i o n s   of   t h e   h a n g e r .   E a c h   b e a r i n g  
p o r t i o n   61  i s   p r o v i d e d   w i t h   a  l o n g i t u d i n a l   s t i f f e n i n g   r i b  
62  and  i s   a l s o   p r o v i d e d   w i t h   an  u p t u r n e d   t a b   64  in   i t s  
i n w a r d l y   f a c i n g   e d g e .   w h e r e   a  r e t u r n   or  s t r a d d l e   t y p e  
h a n g e r   i s   t o   be  p r o d u c e d   f o r   u s e   w i t h   a  w a l l   of  n a r r o w  

35  w i d t h ,   t h e   end  of  t h e   b e a r i n g   p o r t i o n   may  be  c r o p p e d   o f f  
a t   one   of  t h e   d o t t e d   l i n e s   63  or   63ji ,   d e p e n d i n g   on  t h e  
w i d t h   t o   be  p r o v i d e d   f o r .   W h e r e   a  n a r r o w   b e a r i n g   w i d t h  
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u0  i s   t o   be  c a t e r e d   f o r ,   t h e   p o s i t i o n   of  t h e   t a b   64  may  b e  

moved   t o   t h e   d o t t e d   l i n e   p o s i t i o n   6 4 a ,   t h a t   i s   w h e n   t h e  

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

a c c o m o d a t e   t h e   t a b   in  t h e   p o s i t i o n   6 4 .  

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

j o i s t   h a n g e r   w i t h   a  r e t u r n   p l a t e   65  of   a n g l e   s h a p e ,   s h o w n  

in  F i g u r e s   15  and   16.  The   r e t u r n   m e m b e r   65  i s   p r o v i d e d  

w i t h   a  n u m b e r   of  p a i r s   of  s l o t s   66  w h i c h   can  r e c e i v e   t h e  

r e s p e c t i v e   t a b s   64  of   t h e   b e a r i n g   p o r t i o n s   61  of   t h e  

l0  h a n g e r .   T h e s e   t a b s   a r e   t h e n   p e e n e d   o v e r   as   s h o w n   i n  

F i g u r e   16  so  as  t o   m e c h a n i c a l l y   i n t e r l o c k   t h e   r e t u r n  

member   to   t h e   b e a r i n g   p o r t i o n s   of  t h e   h a n g e r .  

F i g u r e   17  i l l u s t r a t e s   a  s t r a d d l e   t y p e   j o i s t   h a n g e r  

i5  f o r   u s e   w h e r e   t w o   j o i s t   h a n g e r s   a r e   t o   be  u s e d   a t   o p p o s e d  

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

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

e x c e p t   t h a t   a  s t r a d d l e   m e m b e r   70  of   p l a t e   l i k e   f o r m   i s  

p r o v i d e d   w i t h   a t   l e a s t   t w o   p a i r s   of  s l o t s   66  t o   r e c e i v e  

20  r e s p e c t i v e   p a i r s   of  t a b s   64  of   t h e   h a n g e r s   w h i c h   a r e  

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

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

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

25 
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CLAIMS 

UO  1.  A  j o i s t   h a n g e r   c o m p r i s i n g   a  s t r i p   of   m a t e r i a l  

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

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

e l e m e n t ;   a n d   a  p a i r   of  b e a r i n g   p o r t i o n s   a d a p t e d   t o   r e s t  

on  a  h o r i z o n t a l   t o p   f a c e   of  t h e   s u p p o r t i n g   e l e m e n t   i n  

Ob  u s e ;  
c h a r a c t e r i s e d   in   t h a t  

t h e   s t i r r u p   p o r t i o n   h a s   a  b a s e   and   a  p a i r   of  i n t e -  

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

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

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

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

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

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

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

15  h o r i z o n t a l   f o l d   l i n e .  

2.  A  j o i s t   h a n g e r   a c c o r d i n g   to   C l a i m   1  f u r t h e r   c h a r a c -  

t e r i s e d   in  t h a t   t h e   m a t e r i a l   of  t h e   s t r i p   i s   s l i t   a t   i t s  

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

20  w a l l s .  

3.  A  j o i s t   h a n g e r   a c c o r d i n g   to   C l a i m   2  f u r t h e r   c h a r a c -  

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

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

25  p o r t i o n s .  

4.  A  j o i s t   h a n g e r   a c c o r d i n g   t o   any   p r e c e d i n g   c l a i m  

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

r a l l y   r e a r w a r d l y   and  u p w a r d l y   f r o m   t h e   b a s e .  

30 

5.  A  j o i s t   h a n g e r   a c c o r d i n g   t o   any   p r e c e d i n g   c l a i m  

f u r t h e r   c h a r a c t e r i s e d   in  t h a t   a  shoe   p l a t e   i s   s e c u r e d   t o  

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

a r e a .  

3b 
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00  6.  A  j o i s t   h a n g e r   a c c o r d i n g   t o   C l a i m   5  f u r t h e r   c h a r a c -  
t e r i s e d   in  t h a t   t h e   s h o e   p l a t e   e x t e n d s   r e a r w a r d l y   of  t h e  
b a s e   and   h a s   a  r e a r   e d g e   p o r t i o n   s u b s t a n t i a l l y   c o p l a n a r  
w i t h   t h e   a b u t m e n t   p o r t i o n s .  

05  7.  A  j o i s t   h a n g e r   a c c o r d i n g   to   C l a i m   6  f u r t h e r   c h a r a c -  
t e r i s e d   in   t h a t   t h e   r e a r   e d g e   p o r t i o n   of   t h e   s h o e   p l a t e  
i s   r o l l e d   or   f o l d e d   t o   p r o v i d e   an  e n l a r g e d   b e a r i n g   a r e a  
a d a p t e d   to   a b u t   t h e   s u p p o r t i n g   e l e m e n t .  

10  8.  A  j o i s t   h a n g e r   a c c o r d i n g   t o   any  one  of   C l a i m s   5  to   7 

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

to   t h e   b a s e   by  c o o p e r a t i n g   i n t e r - e n g a g i n g   f o r m a t i o n s   s u c h  

as  s l o t   and  lug   f o r m a t i o n s   or   h o o k   f o r m a t i o n s .  

15  9.  A  j o i s t   h a n g e r   a c c o r d i n g   to   C l a i m   8  f u r t h e r   c h a r a c -  
t e r i s e d   in   t h a t   t h e   i n t e r - e n g a g i n g   f o r m a t i o n s   a r e   p e r m a -  
n e n t l y   s e c u r e d   by  d e f o r m i n g   t h e   m a t e r i a l   of   t h e   s t r i p .  

10.  A  j o i s t   h a n g e r   a c c o r d i n g   to   any  one  of  C l a i m s   5  to   9 
20  f u r t h e r   c h a r a c t e r i s e d   in  t h a t   t h e   s h o e   p l a t e   h a s   l o c a t i o n  

means   t o   e n a b l e   i t   to   be  c o r r e c t l y   p o s i t i o n e d   r e l a t i v e   t o  
t h e   b a s e   of  t h e   s t i r r u p .  

11.  A  j o i s t   h a n g e r   a c c o r d i n g   to   C l a i m   10  f u r t h e r   c h a r a c -  
2b  t e r i t e d   in   t h a t   t h e   l o c a t i o n   m e a n s   a r e   p r e s s e d   f o r m a t i o n s  

a l s o   a d a p t e d   to   s t i f f e n   t h e   s h o e   p l a t e .  

12.  a  j o i s t   h a n g e r   a c c o r d i n g   to   any  one  of  c l a i m s   1  to   3 
f u r t h e r   c h a r a c t e r i s e d   in   t h a t   t h e   s t i r r u p   p o r t i o n   i n -  

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

ment   p o r t i o n s .  

13.  A  j o i s t   h a n g e r   a c c o r d i n g   to   C l a i m   12  f u r t h e r   c h a r a c -  
35  t e r i s e d   in   t h a t   t h e   f l a p   i s   f o l d e d   u p w a r d l y   t o   l i e   w i t h i n  

the   s t i r r u p .  
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00  14.  A  j o i s t   h a n g e r   a c c o r d i n g   to   C l a i m   12  f u r t h e r   c h a r a c -  

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

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

e l e m e n t .  

05  15.  A  r e t u r n   t y p e   j o i s t   h a n g e r   c o m p r i s i n g   a  j o i s t   h a n g e r  

a c c o r d i n g   t o   a n y   one   of  C l a i m s   1  t o   14  c h a r a c t e r i s e d   i n  

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

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

l e a s t   one   p a i r   of  c o o p e r a t i n g   l o c k i n g   f o r m a t i o n s ,   t h e  

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

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

r e s p e c t i v e   l o c k i n g   f o r m a t i o n s ,   so   as  t o   be  a d a p t e d   t o  

hook   o v e r   s a i d   s u p p o r t i n g   e l e m e n t   in   u s e .  

15  16.  A  s t r a d d l e   t y p e   j o i s t   h a n g e r   c o m p r i s i n g   a  p a i r   o f  

j o i s t   h a n g e r s   a c c o r d i n g   t o   any  one  of  C l a i m s   1  to   14  a n d  

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

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

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

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

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

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

l o c k i n g   f o r m a t i o n s ,   so  as  to   be  a d a p t e d   to   s t r a d d l e   s a i d  

s u p p o r t i n g   e l e m e n t   in  u s e .  

2 5  

1~7.  A  m e t h o d   of  m a k i n g   a  b l a n k   f o r   a  j o i s t   h a n g e r   a c c o r -  

d i n g   to   any   one   of  C l a i m s   1  t o   14  w h e r e   a  p a i r   of  o p p o s e d  

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

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

30  t h a t   t h e   s p a c i n g   of  t h e   o p p o s e d   c r o p p i n g   t o o l s   can   b e  

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

s i z e d   h a n g e r s .  

18.  A  m e t h o d   a c c o r d i n g   to   C l a i m   17  f u r t h e r   c h a r a c t e r i s e d  

35  in  t h a t   t h e   w i d t h   of  t h e   b l a n k   i s   a l s o   v a r i e d   f o r   d i f f e -  

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