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©  Steel  reinforcement  rod  and  process  for  producing  this  rod. 

A  process  for  producing  steel  reinforcement  rod  for 
concrete  by  cold  working  comprises  feeding  an  indefinite 
length  of  the  rod  through  a  cold  working  station  at  which  the 
rod  is  twisted  in  one  direction  about  its  axis  and  is  then 
untwisted.  The  invention  extends  to  the  product  of  this 
process.  The  rod  enters  the  twisting  station  as  it  leaves 
pulley  22  and  leaves  the  twisting  station  via  pulley  34.  The 
rod  also  passes  round  pulleys  18  which  are  mounted  on  a 
rotatable  carriage  16  so  that  twist  is  imparted  between 
pulleys  22  and  18  and  untwisting  occurs  between  pulleys  18 
and  34. 



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

r e i n f o r c e m e n t   rod   by  c o l d   w o r k i n g   and  to  a  s t e e l   r e i n -  

f o r c e m e n t   rod  p r o d u c e d   by  c o l d   w o r k i n g .  

I t   is   known  t h a t   t he   c o l d   w o r k i n g   of  s t e e l   r o d  

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

t e n s i l e   s t r e n g t h ,   and  such   c o l d   w o r k i n g   is  u s u a l l y   e f f e c t e d  

e i t h e r   by  r o l l i n g   or  d r a w i n g .   Thus  in   t he   p r o d u c t i o n   o f  

s t e e l   rod  f o r   use   in  f o r m i n g   w e l d e d   mesh  f o r   c o n c r e t e   r e i n -  

f o r c e m e n t ,   t he   m a t e r i a l   may  i n i t i a l l y   be  ho t   r o l l e d   a n d  

t h e n   c o l d   d rawn   or  c o l d   r o l l e d   in  o r d e r   to  a c h i e v e   t h e  

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

s t r e n g t h .   Such  s p e c i f i c a t i o n s   u s u a l l y   r e q u i r e   a  m i n i m u m  

p r o o f   s t r e s s   of  485  N/mm2  and  s t a t e   t h a t  t h e   r a t i o   of  t h e  

u l t i m a t e   t e n s i l e   s t r e s s   to  t he   p r o o f   s t r e s s   s h a l l   be  m o r e  
t h a n   a  s p e c i f i e d   v a l u e .   For  rod   u s e d   in  c o n c r e t e   r e i n -  

f o r c i n g   m e s h e s   t he   r a t i o   s p e c i f i e d   is  1 . 0 5 : 1   in  m o s t  

E u r o p e a n   s p e c i f i c a t i o n s .  

Such  r o d s   may  have  a  s m o o t h   s u r f a c e   or  may  be  p r o v i d e d  

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

k e y i n g   or  b o n d i n g   c a p a b i l i t y   to  t he   c o n c r e t e .  

The  most   c o n v e n i e n t   way  of  i n t r o d u c i n g   s u r f a c e   d e -  

f o r m a t i o n s   such   as  r i b s   is   d u r i n g   the   ho t   w o r d i n g   s t a g e ,  
but   t h e s e   d e f o r m a t i o n s   do  no t   s u r v i v e   the   n o r m a l   c o l d  

w o r k i n g   t e c h n i q u e s   of  c o l d   d r a w i n g   or  c o l d   r o l l i n g .  
D e f o r m a t i o n s   can  be  i n t r o d u c e d   d u r i n g   a  f i n a l   c o l d   r o l l i n g  

o p e r a t i o n   bu t   t h e i r   p r o d u c t i o n   r e q u i r e s   e x c e s s i v e   l o c a l  

w o r k i n g   of  the   m a t e r i a l   and  t h e r e   is  a  h i g h   m e c h a n i c a l  

e n e r g y   r e q u i r e m e n t .   I t   is   d i f f i c u l t   or  i m p o s s i b l e   t o  

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

It   is  known  to  hot   r o l l   d e f o r m a t i o n s   i n t o   r e i n f o r c i n g  



m a t e r i a l ,   to  cu t   the   m a t e r i a l   i n t o   b a r s   of  f i n i t e   l e n g t h  

and  t h e n   c o l d   work  by  t w i s t i n g .   T h i s   p r o c e d u r e   i s   n o t  

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

s t o r e d   in   c o i l   f o r m .   I t   can   be  v e r y   e x p e n s i v e   to  c o l d  

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

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

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

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

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

I t   i s   a l s o   known  f rom  B r i t i s h   S t e e l   C o r p o r a t i o n  

U.K.  P a t e n t   S p e c i f i c a t i o n   1 4 5 3 2 3 3   t h a t   in   c o l d   w o r k i n g  

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

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

a  d e g r e e   of  t w i s t i n g   in   t h e   o p p o s i t e   d i r e c t i o n .  

I t   i s   a l s o   known  f rom  West  German   P a t e n t   S p e c i f i c a t i o n  

9 0 9 5 6 2   t h a t   p r i o r   to  c o l d   w o r k i n g   of  a  l e n g t h   of  r o d   b y  

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

f rom  t h e   s u r f a c e   of  t he   r o d   by  a  s m a l l   d e g r e e   of  t w i s t   i n  

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

o p p o s i t e   d i r e c t i o n   in   an  i n d e f i n i t e   l e n g t h   of  r o d .   T h e  

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

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

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

c i e n t   to  p r e v e n t   t he   rod   f rom  b e i n g   d r a w n   i n t o   w i r e  

i m m e d i a t e l y   f o l l o w i n g   t he   t w i s t i n g   and  u n t w i s t i n g .  

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   i s   to  p r o v i d e   a 

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

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

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

p r o d u c i n g   a  r i b b e d   s u r f a c e   by  c o l d   r o l l i n g   and  a v o i d i n g  

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

w i t h   c o l d   t w i s t i n g .   I t   is   a l s o   an  o b j e c t   of  t h e   i n v e n t i o n  

to  p r o v i d e   an  i m p r o v e d   c o l d   w o r k e d   r e i n f o r c i n g   r o d .  



A c c o r d i n g   to  one  a s p e c t   of  the   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  p r o c e s s   f o r   p r o d u c i n g   r e i n f o r c e m e n t   rod   b y  

c o l d   w o r k i n g   of  an  i n d e f i n i t e   l e n g t h   of  s t e e l   r o d ,  

c h a r a c t e r i s e d   in   t h a t   t he   rod   is   p a s s e d   t h r o u g h   a  c o l d  

w o r k i n g   s t a t i o n   at   w h i c h   i t   is   t w i s t e d   in   one  d i r e c t i o n  

a b o u t   i t s   a x i s   and  i s   t h e n   u n t w i s t e d .   By  c a r r y i n g   o u t  

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

t h r o u g h   w h i c h   t h e   rod   i s   fed   in  an  i n d e f i n i t e   l e n g t h ,   t h e  

e n d s   of  t he   r o d ,   w h i c h   a r e   n o r m a l l y   c a r r i e d   in  a  c o i l   o r  

c o n n e c t e d   to  p l a n t   to  or  f rom  w h i c h   t he   rod   i s   fed   in  a  

c o n t i n u o u s   l e n g t h ,   do  n o t   have   to  be  t w i s t e d   so  t h a t   t h e y  

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

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

is   at   l e a s t   one  t u r n   in   a  l e n g t h   e q u a l   to  t h i r t y   r o d  

d i a m e t e r s .   In  r e f e r i n g   to  rod   d i a m e t e r s   in   c o n n e c t i o n  

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

i n t e n d e d   is   t h e   n o t i o n a l   d i a m e t e r   of  a  c i r c u l a r   rod   h a v i n g  
t h e   same  c r o s s - s e c t i o n a l   a r e a   as  the   rod   u n d e r   c o n s i d e r a t i o n .  

N o r m a l l y ,   t he   d e g r e e   of  t w i s t   w i l l   l i e   b e t w e e n   one  t u r n   i n  

f i v e   d i a m e t e r s   and  one  t u r n   in  t w e n t y   d i a m e t e r s .   T h e  

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

and  p r o p e r t i e s   of  t h e   u n t w i s t e d   rod  so  t h a t   i t   i n c r e a s e s  

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

d u c t i l i t y   of  t h e   rod   b e l o w   s p e c i f i c a t i o n   r e q u i r e m e n t s .  

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

rod   h a v i n g   a  c a r b o n   c o n t e n t   of  no t   more  t h a n   0.3%  b y  

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

r e a d i l y ,   can  e a s i l y   be  w e l d e d   i n t o   mesh  bu t   n o r m a l l y  

r e q u i r e s   c o l d   w o r k i n g   to  g i v e   i t   s u f f i c i e n t   s t r e n g t h   f o r  

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

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

c o n t e n t   of  t he   s t e e l   to  r e s u l t   in  a  p r o o f   s t r e s s   a f t e r  

a g e i n g   of  b e t w e e n   450  and  5 4 0 N / m m 2 a c c o r d i n g   to  t h e  

a p p r o p r i a t e   s p e c i f i c a t i o n   r e q u i r e m e n t s .  



At  t h e   c o l d   w o r k i n g   s t a t i o n ,   t he   rod   may  be  p a s s e d  

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

a r o u n d   w h i c h   t h e   rod   r u n s   c o n t i n u o u s l y   f rom  an  i n p u t   s i d e  

to  an  o u t p u t   s i d e   t h e r e o f ,   t h e   p u l l e y   s y s t e m   b e i n g  

o r b i t e d   a b o u t   an  a x i s   o t h e r   t h a n   t he   a x i s   of  r o t a t i o n   o f  

t h e   or   e a c h   p u l l e y   w h e r e b y   t he   rod   is  t w i s t e d   in   o n e  

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

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

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

e n t e r s   t h e   i n p u t   s i d e   of  t he   p u l l e y   s y s t e m   w h e r e b y   t h e  

rod   i s   t w i s t e d   in   one  d i r e c t i o n   b e t w e e n   t h e   r e s t r a i n t  

p u l l e y   and   t h e   p u l l e y   s y s t e m   as  t he   rod   e n t e r s   t h e   i n p u t  

s i d e   t h e r e o f   and  i s   t h e n   u n t w i s t e d   as  i t   l e a v e s   t h e   o u t p u t  

s i d e   of   t h e   p u l l e y   s y s t e m .  

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

p u l l e y   may  be  d r i v e n   in   s y n c h r o n i s m   w i t h   e a c h   o t h e r  

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

a  p r e d e t e r m i n e d   r a t e  w i t h   r e s p e c t   to  t he   s p e e d   of  i n p u t  

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

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

is   p r o v i d e d   s t e e l   r e i n f o r c e m e n t   rod   w h i c h   has   b e e n   c o l d  

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

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

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

t w i s t e d   in   one  d i r e c t i o n   a b o u t   i t s   a x i s   and  i s   t h e n   u n -  

t w i s t e d .   The  d e g r e e   of  t w i s t i n g ,   p r i o r   to  u n t w i s t i n g  

s h o u l d   be  a t   l e a s t   one  t u r n   in   a  l e n g t h   e q u a l   to  t h i r t y  

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

f i v e   d i a m e t e r s   and  one  t u r n   in   t w e n t y   d i a m e t e r s .  

C o n v e n i e n t l y   t h e   s t e e l   e m p l o y e d   c o n t a i n s   l e s s   t h a n  

0 .3%  c a r b o n .   The  s t e e l   may  be  t he   p r o d u c t   of  an  e l e c t r i c  

a r c   f u r n a c e .   The  d e g r e e   of  t w i s t i n g ,   in  r e l a t i o n   to  t h e  



c o m p o s i t i o n   and  p r o p e r t i e s   of  the   i n i t i a l   rod   may  be  s u c h  

as  to   p r o d u c e   a  p r o o f   s t r e s s   a f t e r   a g e i n g   of  b e t w e e n   4 5 0  

and  5 4 0  N / m m 2  a c c o r d i n g   to  the   a p p r o p r i a t e   s p e c i f i c a t i o n  

r e q u i r e m e n t s .  

I t   i s   a  common  p r o p e r t y   of  c o l d   w o r k e d   s t e e l   t h a t   i t s  

s t r e n g t h   i n c r e a s e s   w i t h   a g e i n g .   With  many  c o l d   w o r k e d  

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

i n c r e a s e   w i t h   a g e i n g   more  r a p i d l y   t h a n   t he   u l t i m a t e  

t e n s i l e   s t r e n g t h .   T h i s   can  p r o d u c e   an  u n s a t i s f a c t o r y  

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

t e n s i l e   s t r e n g t h   i s   a t   l e a s t   5%  above   t he   p r o o f   s t r e s s  

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

of  a  s u d d e n   f r a c t u r e .   I t   has  been   f o u n d   t h a t   by  t h e  

p r o c e s s   of  t h e   i n v e n t i o n ,   t h e r e   is  a  t e n d e n c y   f o r   t h e  

p r o o f   s t r e s s   to   i n c r e a s e   more  s l o w l y   w i t h   age  t h a n   t h e  

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

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

s t e e l   rod   w h i c h   has   a  r i b b e d   s u r f a c e   i s   p a r t i c u l a r l y  

a d v a n t a g e o u s   b e c a u s e   the   c o l d   w o r k i n g   can   be  c a r r i e d   o u t  

a f t e r   the   r i b s   h a v e   been   f o r m e d   by  hot   r o l l i n g .  

The  t w i s t i n g   and  u n t w i s t i n g   o p e r a t i o n   no t   o n l y   i m -  

p r o v e s   t he   m e c h a n i c a l   s t r e n g t h   of  the   rod   bu t   a l s o  

e f f e c t i v e l y   d e s c a l e s   i t   and  s t r a i g h t e n s   i t .  

O t h e r   f e a t u r e s   of  t he   i n v e n t i o n   w i l l   become  a p p a r e n t  

f rom  the   f o l l o w i n g   d e s c r i p t i o n   g i v e n   h e r e i n   s o l e l y   by  way  
of  e x a m p l e   w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s  

w h e r e i n :  

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

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

by  t w i s t i n g   to  p r o d u c e   r e i n f o r c e m e n t   r o d ;  

a n d  



F i g u r e   2  is   a  g r a p h   s h o w i n g   t e n s i l e   s t r e n g t h   of  t h e  

c o l d   w o r k e d   rod   p l o t t e d   a g a i n s t   days   of   a g e i n g   at   2 0 ° C .  

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

s t e e l   r o d ,   w h i c h   may  h a v e   e i t h e r   a  s m o o t h   or  r i b b e d  

s u r f a c e ,   and  w h i c h   i s   s u i t a b l e   f o r   u s e ,   when  cu t   t o  

l e n g t h ,   in   t h e   p r o d u c t i o n   of  w e l d e d   r e i n f o r c i n g   mesh  f o r  

c o n c r e t e .   The  rod   to  be  c o l d   w o r k e d   i s   p r o d u c e d   by  c o n -  

v e n t i o n a l   s t e e l   m a k i n g   m e t h o d s   and  s u b s e q u e n t l y   ho t   r o l l e d  

to  a  t y p i c a l   d i a m e t e r   of  6  mm  and ,   a f t e r   c o o l i n g ,   i s  

f o r m e d   i n t o   a  n o r m a l   h o t   r o l l e d   c o i l .   The  rod   is   t h e n   f e d  

c o n t i n u o u s l y   f rom  t h e   s t o c k   c o i l   t h r o u g h   a  c o l d   w o r k i n g  

a p p a r a t u s   as  i l l u s t r a t e d   in   f i g u r e   1  in   s u c h   m a n n e r ,   i n  

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

and  u l t i m a t e   t e n s i l e   s t r e s s   to  s p e c i f i c a t i o n   r e q u i r e m e n t s  

and  m a i n t a i n   t h e   r a t i o   of   t h e   u l t i m a t e   t e n s i l e   s t r e s s   t o  

the   p r o o f   s t r e s s   of  t h e   rod   a t   or  a b o v e   1 . 0 5   a f t e r   a g e i n g .  

As  i l l u s t r a t e d   in   f i g u r e   1,  t h e   a p p a r a t u s   i n c l u d e s  

a  f i x e d   f r a m e   10  upon   w h i c h   a r e   m o u n t e d   two  p lummer   b l o c k  

b e a r i n g s   12  and  14  f o r   a  h o l l o w   r o t a t a b l e   s h a f t   32.  E a c h  

of  t h e   b e a r i n g s   12  and  14  is   c e n t r a l l y   a p e r t u r e d   w i t h   t h e  

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

b e a r i n g   14,  a  s t i r r u p   s h a p e d   yoke   i s   m o u n t e d   on  the   e n d  

of  t h e   s h a f t   32,  t h e   yoke   i n c l u d i n g   two  o p p o s e d   p a r a l l e l  

s i d e   p l a t e s   16  b e t w e e n   w h i c h   a r e   m o u n t e d   two  f r e e l y  

r o t a t a b l e   p u l l e y s   18.  The  p u l l e y s   18  a r e   c a r r i e d   in   t h e  

yoke   a d j a c e n t   one  edge   t h e r e o f   w h i l s t   a t   t he   o t h e r   e d g e  

c o u n t e r - b a l a n c e   w e i g h t s   20  a r e   m o u n t e d .   In  t h i s   e m b o d i m e n t  

t he   a x e s   of  t h e   p u l l e y s   18  a r e   s k e w e d   s l i g h t l y   r e l a t i v e   t o  

e a c h   o t h e r   to   e i t h e r   s i d e   of  an  a x i s   n o r m a l   to  the   a x i s   o f  

s h a f t   3 2 .  

At  t h e   i n p u t   s i d e   of   t h e   a p p a r a t u s   t h e r e   is   a  r e l a -  

t i v e l y   l a r g e   d i a m e t e r   d r i v e n   r e s t r a i n t   p u l l e y   22  t he   l o w e r  

edge   of  w h i c h   i s   in   a l i g n m e n t   w i t h   t h e   a x i s   of  t he   b e a r i n g s  



12  and  14.  A  V - g r o o v e   in  p u l l e y   22  p r o v i d e s   d r i v e  

b e t w e e n   the   rod  and  p u l l e y .   Rod  c u r v e d   r o u n d   the   p u l l e y  

a c t s   as  a  l e v e r   arm  to  h o l d   i t   a g a i n s t   r o t a t i o n   of  t h e  

p u l l e y .   L o c a t e d   a b o v e   and  f o r w a r d   of  t he   r e s t r a i n t  

p u l l e y   22  i s   a  f r e e l y   r o t a t a b l e   g u i d e   p u l l e y   24  o n t o  

w h i c h   is   f ed   the   r o d   W  f rom  a  c o n v e n i e n t   s o u r c e  s u c h   a s  

a  r e e l   t h e r e o f .   The  d i r e c t i o n   of  i n p u t   of  t he   rod  W  i s  

shown  by  t h e   a r r o w   in  the   d r a w i n g .  

At  t he   r e a r   of   t he   a p p a r a t u s   t h e r e   i s   m o u n t e d   an  a i r  

or  e l e c t r i c a l l y   a c t u a t e d   c o n t r o l l a b l e   t o r q u e   m o t o r   26  

w h i c h   d r i v e s   t he   r e s t r a i n t   p u l l e y   22  t h r o u g h   a  s u i t a b l e  

g e a r   box  28.  The  m o t o r   26  i s   a l s o   c o u p l e d   to  r o t a t e   t h e  

s h a f t   32  and   the   yoke   so  t h a t   t he   r o t a t a b l e   p u l l e y s   18 

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

12  and  14.  The  p u l l e y   s y s t e m   is  t h u s   d r i v e n   in  s y n -  
c h r o n i s m   w i t h   the   r e s t r a i n t   p u l l e y   22  to  p r o v i d e   a  p r e -  
d e t e r m i n e d   s p e e d   of   o r b i t i n g   w i t h   r e s p e c t   to  the   s p e e d  

of  i n p u t   o f  t h e   r o d   o v e r   p u l l e y   2 2 .  

The  rod   is   p u l l e d   t h r o u g h - t h e   a p p a r a t u s ,   f o r   e x a m p l e  

f rom  a  r o t a t i n g   s p o o l .   I f   t h e   rod  is   a r r a n g e d   to  g r i p   t h e  

r e s t r a i n t   p u l l e y   22  i t   t r a n s m i t s   e n e r g y   v i a   the   g e a r   b o x  

28  to  the   s h a f t   of  t he   m o t o r   26  and  h e n c e   to  the   y o k e  

s h a f t   32,  to  c o n t r i b u t e   to  t h e   e n e r g y   r e q u i r e d   f o r   t w i s t i n g .  

In  u s e ,   the   r o d   W  to  be  c o l d   w o r k e d   r u n s   f rom  a  s t o c k  

r e e l   t h e r e o f   a r o u n d   the   two  p u l l e y s   2 4  -   22,  t h r o u g h   t h e  

h o l l o w   r o t a t a b l e   s h a f t   32,  and  a r o u n d   b o t h   p u l l e y s   18  i n  

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

p u l l e y   34.  The  r o d   m e e t s   up  w i t h   t h e   p u l l e y  3 4   at  a  p o i n t  

on  t h e   a x i s   of  s h a f t   32.  Thus  t h e   o u t p u t   of  the   rod   a t  

p u l l e y   34  is   c o - a x i a l   w i t h   i t s   i n p u t   f rom  p u l l e y   22.  Rod  

l e a v i n g   p u l l e y   34  a t   an  a n g l e   a c t s   as  a  l e v e r   arm  to  h o l d  

the  rod   a g a i n s t   r o t a t i o n .   The  rod   p a s s e s   c o n t i n u o u s l y  



t h r o u g h   t h e   a p p a r a t u s   and  i s   t w i s t e d   in  one  d i r e c t i o n  

b e t w e e n   t h e   r e s t r a i n t   p u l l e y   22  and  the   o r b i t i n g   p u l l e y  

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

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

d e g r e e   of   c o l d   w o r k i n g   to  t h e   r o d .  

C o l d   w o r k e d   rod   p r o d u c e d   by  t h e   a p p a r a t u s   i s   p a r t i -  

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

w h e r e   c u t   l e n g t h s   of  t h e   c o l d   w o r k e d   rod   h a v e   to  b e  

w e l d e d   t o g e t h e r .   In  p a r t i c u l a r   t he   rod   f ed   t h r o u g h   t h e  

a p p a r a t u s   may  be  r i b b e d   t r a n s v e r s e l y ,   as  i s   known  p r a c t i c e  

in  u se   of  r e i n f o r c i n g   r o d   f o r   c o n c r e t e ,   and  t h e  s k e w e d  

a x e s   of   t h e   o r b i t i n g   p u l l e y s   18  p a r t i c u l a r l y   e n s u r e   t h a t  

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

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

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

c o n c r e t e   r e i n f o r c i n g   m e s h .  

A l t e r n a t i v e l y   t he   r o d   may  be  c o i l e d   i m m e d i a t e l y   a f t e r  

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

v e n t i o n a l   m a n n e r   p r i o r   to   u s e   in  mesh  m a n u f a c t u r e .   T h e  

r e - s t r a i g h t e n i n g   o n l y   s l i g h t l y   i m p a i r s   t he   p r o p e r t i e s  o f  

rod   w h i c h   has   b e e n   c o l d   w o r k e d   in   a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   and  t h e n   a g e d ,   p r o v i d e d - t h a t   d u r i n g   t h e  

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

t h a n   i s   n e c e s s a r y   to  s t r a i g h t e n   i t .  

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

p u l l e y s   may  be  p r o v i d e d   in   t h e   p u l l e y   s y s t e m   p r o v i d e d  

t h a t   t h e y   a r e   o r b i t a b l e   in   t h e   m a n n e r   h e r e i n b e f o r e  

d e s c r i b e d ;   in   p a r t i c u l a r   i t   may  be  c o n v e n i e n t   to   p r o v i d e  

t h r e e   s e p a r a t e   f r e e l y   r o t a t a b l e   p u l l e y s   in  t h e   p u l l e y  

s y s t e m   h a v i n g   t h e i r   a x e s   of  r o t a t i o n   p a r a l l e l   to  o n e  

a n o t h e r   and   n o r m a l   to  t h e   o r b i t a l   a x i s   of  t h e   p u l l e y  



s y s t e m .   A l s o ,   a l t h o u g h   no t   i l l u s t r a t e d   h e r e i n ,   i t   may 

be  p o s s i b l e   to  u t i l i s e   a  s i n g l e   p u l l e y   in  the   yoke  i n  

w h i c h   c a s e   i t   may  be  c o n v e n i e n t   to  p r o v i d e   such   p u l l e y  

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

c h a f i n g   of  the   rod   as  i t   p a s s e s   a r o u n d   t he   p u l l e y .   I t  

may  be  p o s s i b l e   to  use   an  o r b i t a l   g u i d e   s y s t e m   o t h e r   t h a n  

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

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

t he   r o d .   However   p u l l e y s   a r e   p r e f e r r e d   in   the   i n t e r e s t s  

of  low  f r i c t i o n .  

The  i n v e n t i o n   is  of  p a r t i c u l a r   a p p l i c a t i o n   to  l o w  .  

c a r b o n   s t e e l   c o n t a i n i n g   up  to  a b o u t   0 .3%  c a r b o n .   The  i n -  

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

and  a  s u i t a b l e   e x c e s s   of  u l t i m a t e   t e n s i l e   s t r e s s   o v e r  

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

e v e n   w i t h   low  c a r b o n   s t e e l   f rom  an  e l e c t r i c   a r c   f u r n a c e .  

T h i s   t y p e   of  s t e e l   is   no t   n o r m a l l y   s u i t a b l e   f o r   w o r k  

h a r d e n i n g   by  c o l d   d r a w i n g   w h i c h   is   the   c o n v e n t i o n a l  

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

b e c a u s e   the   f r e e   n i t r o g e n   c o n t e n t   r e s u l t s   in  e x c e s s i v e  

work  h a r d e n i n g   in  t h a t   the   p r o o f   s t r e s s   b e c o m e s   too  h i g h  

a  p r o p o r t i o n   of  t he   t e n s i l e   s t r e s s   a f t e r   a g e i n g .  

The  n a t u r e   of  the   a p p a r a t u s   is  such   t h a t   the   d e g r e e  

of  t w i s t   in  b o t h   d i r e c t i o n s   is   e q u a l   so  t h a t   t he   s e c o n d  

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

o p e r a t i o n .   The  d e g r e e   of  t w i s t   a f f e c t s   t he   p r o p e r t i e s  
of  t h e   f i n a l   m a t e r i a l .   G r e a t e r   t w i s t i n g   l e a d s   to  a  h i g h e r  

p r o o f   s t r e s s   bu t   a  s m a l l e r   m a r g i n   b e t w e e n   u l t i m a t e   t e n s i l e  

and  p r o o f   s t r e s s e s .   The  d e g r e e   of  t w i s t   s h o u l d   be  j u s t  

s u f f i c i e n t   to  a c h i e v e   t he   r e q u i r e d   p r o o f   s t r e s s   a n d  

d e p e n d s   on  the   c o m p o s i t i o n   of  t he   ho t   r o l l e d   m a t e r i a l .  

For   a  t y p i c a l   r o d ,   a  p i t c h   of  l e s s   t h a n   30  rod  d i a m e t e r s  

s h o u l d   be  e m p l o y e d .   The  p r e f e r a b l e   r a n g e   i f   5  to  20  

d i a m e t e r s .   The  d e g r e e   of  t w i s t   is  c o n t r o l l e d   by  v a r y i n g  



the   r e l a t i o n s h i p   b e t w e e n   t he   r a t e   of  o r b i t i n g   of  t h e  

p u l l e y   s y s t e m   and  the   r a t e   of  p a s s a g e   of  rod   t h r o u g h   t h e  

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

rod  r e q u i r e s   a  minimum  of  0.2%  p r o o f   s t r e s s   of  485  N/mm2 

so  i t   is   d e s i r a b l e   to  s e l e c t   a  d e g r e e   of  t w i s t   of  t h i s  

o r d e r ,   a  l i t t l e   a b o v e   the   minimum  n e e d e d   to  mee t   t h e  

s p e c i f i c a t i o n .  

I t   i s   b e l i e v e d   t h a t   t he   c o l d   w o r k i n g   a s s o c i a t e d   w i t h  

the   t w i s t i n g   and  u n t w i s t i n g   of  t h e   rod   moves  d i s l o c a t i o n s  

from  l o c a l   c o n c e n t r a t i o n s   of  f r e e   n i t r o g e n   and   o t h e r  

i n t e r s t i t i a l l y   d i s s o l v e d   e l e m e n t s   and  t h e r e b y   work  h a r d e n s  

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

the   c o l d   w o r k i n g   do  n o t   c o r r e s p o n d   to  s l i p   p l a n e s   a s s o -  

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

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

a g e i n g   has   a  l i m i t e d   e f f e c t   on  t he   i n c r e a s e   in   l o n g i t u -  

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

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

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

The  s h e a r   s t r a i n   d u r i n g   t w i s t i n g   is  a t   a  m a x i m u m  

n e a r   t h e   s u r f a c e   of  t h e   rod   and  r e d u c e s   t o w a r d s   t h e   c e n t r e  

of  t h e   r o d .   D e s p i t e   t h i s ,   a  m a j o r   p a r t   of  t h e   c r o s s -  

s e c t i o n   of  t he   rod   is   work  h a r d e n e d   to  a  s u b s t a n t i a l   e x t e n t .  

The  f o l l o w i n g   e x a m p l e   i l l u s t r a t e s   t he   p r o p e r t i e s  

a c h i e v e d   by  t he   t w i s t i n g   p r o c e s s   of  t he   i n v e n t i o n .  

A  h o t   r o l l e d   s t e e l   rod   w i t h   a  n o m i n a l   d i a m e t e r   of  6  mm 

has  t h e   f o l l o w i n g   c o m p o s i t i o n :   C a r b o n   0 . 0 8 % ,   S i l i c o n   0 . 1 5 % ,  

M a n g a n e s e   0 . 5 2 % ,   C o p p e r   0 . 4 2 % ,   S u l p h u r   0 . 0 4 % ,   P h o s p h o r u s  

0 . 0 3 % ,   r e m a i n d e r   i r o n   and  i n c i d e n t a l   i m p u r i t i e s .   In  t h e  

a s - r o l l e d   c o n d i t i o n   t h i s   rod   had  t h e   p r o p e r t i e s   s e t   o u t  

in  row  1  of  t he   t a b l e   ( s ee   b e l o w ) .   T h i s   rod   was  t h e n  

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

f i g u r e   1  and  d u r i n g   t h e  t w i s t i n g   a  t e n s i o n   of  3560  N  w a s  



a p p l i e d   to  the   rod  in  the   t w i s t i n g   z o n e .   The  d e g r e e   o f  

t w i s t ,   f o l l o w e d   by  u n t w i s t i n g ,   was  360°  in  a  l e n g t h   o f  

7 3 . 1 1   mm,  t h a t   is  a  p i t c h   of  12  d i a m e t e r s .   The  rod   w a s  

t h e n   aged   f o r   two  h o u r s   at  100°C  at  wh ich   s t a g e   i t   h a d  

the   p r o p e r t i e s   s e t   out   in  row  2  of  the   t a b l e .   The  d e c r e a s e  

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

w h i c h   was  b r o u g h t   a b o u t   by  t h e   t e n s i o n   in  c o n j u n c t i o n   w i t h  

t he   t w i s t i n g .   A l t h o u g h   t h e   e x c e s s   of  u l t i m a t e   t e n s i l e  

s t r e s s   o v e r   p r o o f   s t r e s s   was  d e c r e a s e d   by  t he   t w i s t i n g  

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

F i g u r e   2  is  a  g r a p h   w h e r e i n   t he   0.2%  p r o o f   s t r e s s ,  

t he   u l t i m a t e   t e n s i l e   s t r e s s   and  t he   p e r c e n t a g e   e x c e s s   a r e  

p l o t t e d   a g a i n s t   days   of  a g e i n g   of  a  6  mm  n o m i n a l   d i a m e t e r  

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

i n i t i a l l y   p r o d u c e d   by  hot   r o l l i n g   and  t h e n   fed   t h r o u g h  

t he   a p p a r a t u s   of  f i g u r e   1  and  t w i s t e d   and  u n t w i s t e d   w i t h  

a  p i t c h   of  12  d i a m e t e r s   u n d e r   a  t e n s i o n   of  2670  N.  T h e  

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

r i s e s   at   a  f a s t e r   r a t e   w i t h   a g e i n g   t h a n   does   t he   p r o o f  

s t r e s s   t h u s   l e a d i n g   to  an  i n c r e a s e ,   w i t h   a g e i n g ,   of  t h e  

p e r c e n t a g e   e x c e s s .   D u r i n g   t h e   t w i s t i n g   and  u n t w i s t i n g  

u n d e r   t e n s i o n ,   t he   rod  d i a m e t e r   d e c r e a s e d   from  6 . 0 9   t o  

5 . 8 9   mm. 

Thus  c o l d   worked   rod  p r o d u c e d   in  a c c o r d a n c e   w i t h  

the   i n v e n t i o n   to  meet   s t a n d a r d   s p e c i f i c a t i o n s   w i l l   c o n t i n u e  

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



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

p r o d u c t i o n   of  s t e e l   rod   fo r   use  in   w e l d e d   r e i n f o r c i n g  

mesh  f o r   c o n c r e t e .   The  low  c a r b o n   c o n t e n t   of   t he   s t e e l  

w h i c h   can   be  u s e d   a l s o   r e s u l t s   in  v e r y   good   w e l d a b i l i t y  

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

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



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

w o r k i n g   of  an  i n d e f i n i t e   l e n g t h   of  s t e e l   r o d ,  

c h a r a c t e r i s e d   in  t h a t   t he   rod   i s   p a s s e d   t h r o u g h   a  c o l d  

w o r k i n g   s t a t i o n   at  w h i c h   i t   i s   t w i s t e d   in  one  d i r e c t i o n  

a b o u t   i t s   a x i s   and  is  t h e n   u n t w i s t e d .  

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  c h a r a c t e r i s e d   in  t h a t  

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

t u r n   in  a  l e n g t h   e q u a l   to  30  rod   d i a m e t e r s .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m  2   c h a r a c t e r i s e d   in  t h a t  

t h e   d e g r e e   of  t w i s t   l i e s   b e t w e e n   1  t u r n   in  5  d i a m e t e r s  

and  1  t u r n   in  20  d i a m e t e r s .  

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

in  t h a t   t he   rod   has  a  c a r b o n   c o n t e n t   of  no t   more  t h a n   0 . 3 %  

by  w e i g h t .  

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

d e g r e e   of  t w i s t   is  s e l e c t e d   to  g i v e   a  0.2%  p r o o f   s t r e s s  

a f t e r   a g e i n g   of  b e t w e e n   450  and  540.  N/mm2 . 

6.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m   w h e r e i n   t h e  

rod   has   a  r i b b e d   s u r f a c e  .  

7.  A  p r o c e s s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m   w h e r e i n ,  

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

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

w h i c h   t he   rod  r u n s   c o n t i n u o u s l y   f rom  an  i n p u t   s i d e   to  a n  

o u t p u t   s i d e   t h e r e o f   and  w h e r e i n   t he   p u l l e y   s y s t e m   i s  

o r b i t e d   a b o u t   an  a x i s   o t h e r   t h a n   t he   a x i s   of  r o t a t i o n   o f  

t h e   or  e a c h   p u l l e y   w h e r e b y   t he   r o d   is  t w i s t e d   in  o n e  
d i r e c t i o n   at  t he   i n p u t   s i d e   of  t he   p u l l e y   s y s t e m   and  i s  

t h e n   u n t w i s t e d   at  the   o u t p u t   s i d e   t h e r e o f .  



8.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   7  w h e r e i n   t h e   rod   is   f e d  

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

of  t h e   p u l l e y   s y s t e m   w h e r e b y   t he   rod   is   t w i s t e d   in   o n e  

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

s y s t e m   as  t h e   r o d   e n t e r s   t h e   i n p u t   s i d e   t h e r e o f   and  i s  

t h e n   u n t w i s t e d   as  i t   l e a v e s   t h e   o u t p u t   s i d e   of  t he   p u l l e y  

s y s t e m .  

9.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   8  w h e r e i n   b o t h   t he   o r b i -  

t i n g   p u l l e y   s y s t e m   and  t he   r e s t r a i n t   p u l l e y   a r e   d r i v e n   i n  

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

of  t h e   p u l l e y   s y s t e m   is   a t   a  p r e d e t e r m i n e d   r a t e   w i t h  

r e s p e c t   to  t h e   s p e e d   o f  i n p u t   of  t h e   rod   to   t he   p u l l e y  

s y s t e m   f rom  t h e   r e s t r a i n t   p u l l e y .  

10.  S t e e l   r e i n f o r c e m e n t   r o d   w h i c h   has   b e e n   c o l d   w o r k e d  

by  t w i s t i n g   c h a r a c t e r i s e d   in   t h a t   t h e   r e i n f o r c e m e n t   r o d  

has   b e e n   p r o d u c e d   by  p a s s i n g   an  i n d e f i n i t e   l e n g t h   of  r o d  

t h r o u g h   a  c o l d   w o r k i n g   s t a t i o n   a t   w h i c h   t h e   rod   is   t w i s t e d  

in  one  d i r e c t i o n   a b o u t   i t s   a x i s   and  i s   t h e n   u n t w i s t e d .  

11.  S t e e l   r e i n f o r c e m e n t   rod   a c c o r d i n g   to  c l a i m   1 0  

c h a r a c t e r i s e d   in   t h a t   the   d e g r e e   of  t w i s t ,   p r i o r   to  u n -  

t w i s t i n g   i s   at   l e a s t   one  t u r n   in  a  l e n g t h   e q u a l   to  30  

d i a m e t e r s .  

12.  S t e e l   r e i n f o r c e m e n t   rod   a c c o r d i n g   to  c l a i m   11  

c h a r a c t e r i s e d   in   t h a t   t he   d e g r e e   of  t w i s t   l i e s   b e t w e e n   1 

t u r n   i n   5  d i a m e t e r s   and  1  t u r n   in   20  d i a m e t e r s .  

13.  S t e e l   r e i n f o r c e m e n t   r o d   a c c o r d i n g   to  a n y  o n e   o f  

c l a i m s   10  to  12,  c h a r a c t e r i s e d   in  t h a t   t h e   s t e e l   c o n t a i n s  

l e s s   t h a n   0 .3%  c a r b o n   by  w e i g h t .  

14.  S t e e l   r e i n f o r c e m e n t   rod   a c c o r d i n g   to  c l a i m   13  

c h a r a c t e r i s e d   in   t h a t   the   s t e e l   f o r   t h e  r o d   has  b e e n  



p r o d u c e d   in  an  e l e c t r i c   a rc   f u r n a c e .  

15.  S t e e l   r e i n f o r c e m e n t   rod  a c c o r d i n g   to  a n y  o n e   o f  

c l a i m s   10  to  14  c h a r a c t e r i s e d   in  t h a t   i t   has   a  0 . 2 %  

p r o o f   s t r e s s   a f t e r   a g e i n g   of  b e t w e e n   450  and  540  N / m m ' .  

16.  S t e e l   r e i n f o r c e m e n t   rod   a c c o r d i n g   to  a n y  o n e   o f  

c l a i m s   10  to  15  c h a r a c t e r i s e d   in  t h a t   t h e   r a t i o   of  u l t i m a t e  

t e n s i l e   s t r e s s   to  p r o o f   s t r e s s   of  the   r e i n f o r c e m e n t   r o d  

does   no t   d e c r e a s e   w i t h   a g e i n g .  

17.  S t e e l   r e i n f o r c e m e n t   rod   a c c o r d i n g   to  a n y  o n e   o f  

c l a i m s   10  to  16  c h a r a c t e r i s e d   in  t h a t   t he   rod   has   a  r i b b e d  

s u r f a c e .  
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