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©  Concrete  reinforcing  bar. 

Concrete  reinforcement  is  provided  by  means  of  stain- 
less  steel  bar  which  has  been  cold  worked  by  twisting. 
Austenitic  stainless  steel  is  most  suitable  but  ferritic  stainless 
steel  may  also  be  used.  Even  when  a  low  molybdenum 
content  of  between  0.25%  and  0.5%  is  used  the  resistance  to 
corrosion  and  particularly  chloride  ion  attack  is  satisfactory 
for  concrete  reinforcement  requirements. 



This  inven t ion   r e l a t e s   to  s t ee l   bar  or  rod  for  concre te   r e i n f o r c e -  

ment  and  to  the  p roduc t ion   of  such  bar  and  rod.  The  inven t ion   a l s o  

extends  to  r e i n f o r c e d   concre te   i n c o r p o r a t i n g   such  r e i n f o r c i n g   bar  o r  

r o d s .  

It  is  conven t iona l   to  r e f e r   to  la rger   d iameter   lengths   of  c o n c r e t e  

r e i n f o r c e m e n t   as  bars  and  to  r e fe r   to  smal ler   d iameter   l engths ,   which 

are  normally  co i l ed ,   as  rods.  Throughout  th is   s p e c i f i c a t i o n   and  the  : 

claims  the  term  "bar"  is  used  to  r e f e r   to  both  bar  and  rod  m a t e r i a l .  

Corrosion  of  s t e e l   r e i n f o r c e m e n t   is  cons ide red   to  be  one  of  t h e  

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

Ex tens ive   co r ros ion   problems  have  occurred  in  va r ious   par ts   of  t h e  

world,   due  p a r t i c u l a r l y   to  c h l o r i d e   ion  a t t a c k ,   for  example  the  e f f e c t  

of  d e - i c i n g   s a l t s   on  br idge  decks  and  the  e f f e c t   of  high  ch lo r ide   con-  

c e n t r a t i o n s   in  aggrega tes   used  for  c o n s t r u c t i o n   in  some  par t s   of  t h e  

world.  A  wide  range  of  methods  for  p reven t ing   c o r r o s i o n   of  normal  

r e i n f o r c i n g   s t e e l s   have  been  s tud ied   none  of  which  have  s a t i s f a c t o r i l y  

solved  the  p rob lems .  

It  is  well  known  that   there  are  c u r r e n t l y   a v a i l a b l e   a  v a r i e t y   o f  

s t a i n l e s s   s t ee l   m a t e r i a l s   which  e x h i b i t   a  high  r e s i s t a n c e   to  c o r r o s i o n .  

These  m a t e r i a l s   are  mainly  a u s t e n i t i c   s t a i n l e s s   s t e e l s   which  

h i t h e r t o   have  been  u n s u i t a b l e   for  r e i n f o r c i n g   concre te   because  of  t h e i r  

low  s t r e n g t h .  

In  a t tempts   to  make  use  of  s t a i n l e s s   s t e e l   i n ' p l a c e   of  more 

conven t iona l   s t e e l s   in  the  r e i n fo r cemen t   of  conc re t e ,   t y p i c a l   f e r r i t i c  

and  a u s t e n i t i c   s t a i n l e s s   s t e e l   bars  have  been  cons idered   u n s u i t a b l e  

b e c a u s e  o f   the i r   low  s t r e n g t h .   One  proposal   for  solving  this   problem 

was  a  composite  bar  i n c o r p o r a t i n g   a  core  of  a  t y p i c a l   r e i n f o r c i n g   s t e e l  

wi th in   a  sleeve  of  c o r r o s i o n   r e s i s t a n t   s t a i n l e s s   s t e e l .   The  cost  and 

d i f f i c u l t y   of  forming  a  s t a i n l e s s   s t ee l   tube  with  an  i n t e r n a l   d i a m e t e r  

which  wi l l   jus t   accept  a  r e i n f o r c i n g   s t ee l   bar  and  hot  r o l l i n g   t he  

r e s u l t i n g   composite  to  reduce  the  diameter  and  uni te   the  two  m a t e r i a l s  



makes  this   an  u n a t t r a c t i v e   p r o p o s a l .  

For  normal  r e i n f o r c e d   concre te   a p p l i c a t i o n s ,   bars  are  r equ i r ed   t o  

have  a  y ie ld   s t r e n g t h   of  up  to  500  N/mm2 with  a  minimum  excess  o f  

t e n s i l e   s t r e n g t h   over  y i e ld   s t r e n g t h   of  5%  and  a  minimum  e l o n g a t i o n  
value  of  12%.  These  p r o p o e r t i e s   are  achieved  with  normal  carbon  s t e e l s  

e i t h e r   by  a l l o y i n g ,   thermo  mechanical   t r e a t m e n t   or  cold  working  by 

t w i s t i n g   or  d rawing .  

The  p r e sen t   i n v e n t i o n   sets   out  to  provide  a  high  y ie ld   s t r e n g t h  

conc re t e   r e i n f o r c i n g   bar  of  s t a i n l e s s   s t e e l .  

According  to  one  a spec t   of  the  p r e s e n t   i n v e n t i o n   a  concrete   r e i n -  

f o r c i n g   bar  is  c h a r a c t e r i s e d   in  that   the  bar  is  formed  from  s t a i n l e s s  

s t e e l   which  has  been  cold  worked  by  t w i s t i n g .  

In  s i t u a t i o n s   where  r e s i s t a n c e   to  c o r r o s i o n   from  ch lor ide   ions  i s  

r e q u i r e d ,   i t   is  c o n v e n t i o n a l   to  i n c o r p o r a t e   in  the  s t a i n l e s s   s t ee l   a 

s u b s t a n t i a l   p r o p o r t i o n   of  molybdenum,  for  example  about  2.5%  molybdenum. 

A  small  p r o p o r t i o n   of  molybdenum,  for  example  0.3%,  is  also  useful   i n  

s t a i n l e s s   s t e e l s   to  p revent   b r i t t l e n e s s .   It   has  now  been  d i s c o v e r e d  

tha t   s a t i s f a c t o r y   c o r r o s i o n   r e s i s t a n c e   can  be  ob ta ined   in  the  s t a i n l e s s  

s t e e l   r e i n f o r c i n g   bars  of  the  i nven t ion   wi thou t   the  large  p ropo r t i on   o f  

molybdenum  normally  a s s o c i a t e d   with  a  c h l o r i d e   ion  r e s i s t a n t   s t a i n l e s s  

s t e e l .   Thus  a  r e i n f o r c i n g   bar  in  accordance  with  the  inven t ion   may 

have  a  molybdenum  con ten t   of  less  than  0.5%,  p r e f e r a b l y   from  0.25%  t o  

0.5%. 

The  primary  c o n s t i t u e n t s   (in  a d d i t i o n   to  i ron)   for  a  s t a i n l e s s  

s t e e l   s u i t a b l e   for  use  with  the  p re sen t   i n v e n t i o n   is  as  f o l l o w s  

Carbon  0.15%  max 

Manganese  2.0%  max 

Chromium  11.5%  to  20% 

Molybdenum  0.5%  max 

Nickel  7%  to  12% 

The  i nven t ion   also  extends  to  a  r e i n f o r c e d   concre te   s t r u c t u r e  



i n c o r p o r a t i n g   cold  twis ted  s t a i n l e s s   s t ee l   concrete   r e i n f o r c i n g   bars  as  

s p e c i f i e d   above .  

The  i n v e n t i o n   also  extends  to  a  method  of  producing  a  c o n c r e t e  

r e i n f o r c i n g   bar  by  cold  t w i s t i n g   an  as  r o l l ed   s t a i n l e s s   s t e e l   b a r .  

The  i n v e n t i o n   wil l   now  be  de sc r ibed   in  g r e a t e r   d e t a i l   in  c o n j u n c t -  

ion  with  p r e f e r r e d   embodiments  de sc r ibed   in  the  fo l lowing   e x a m p l e s .  

In  order  to  provide  a  conc re t e   r e i n f o r c i n g   bar,  a  s t a i n l e s s   s t e e l  

m a t e r i a l   conforming  to  the  fo l lowing   ana ly s i s   range  is  s e l e c t e d  

Carbon  0.15%  max 

S i l i c o n   3%  max 

Manganese  2%  max 

Phosphorus  0.04%  max 

Sulphur  0.04%  max 

Chromium  11.5%  to  20% 

Molybdenum  4%  max -  p r e f e r a b l y   0 .25  -   0.5% 

Nickel  12%  max -  p r e f e r a b l y   7% -  12% 

Niobium  1%  max 

Ti tanium  1%  max 

Ni t rogen   0.25%  max 

the  ba lance   being  made  up  of  iron  and  usual  i m p u r i t i e s .  

The  s t a i n l e s s   s t e e l   m a t e r i a l   is  hot  r o l l ed   in  a  r o l l i n g   mil l   t o  

the  r e q u i r e d   diameter   for  a  r e i n f o r c i n g   bar,   t y p i c a l l y   to  a  d iameter   of  

between  6mm  and  25mm  but  d iameters   ou ts ide   this  range  can  a lso  be  u sed .  

The  bar  may  be  of  c i r c u l a r   c r o s s - s e c t i o n   with  e i t h e r   a  smooth  o u t e r  

surface   or  a  r ibbed  outer  su r f ace .   Other  c r o s s - s e c t i o n a l   shapes  may-be 

employed  if  d e s i r e d .  

After   cool ing  to  ambient  t empera tu re   the  bar  is  cold  twis ted   in  a 

conven t iona l   manner.  The  p i tch   of  the  tw i s t ing   should  normal ly   be 

between  8  and  12  bar  d iameters   and  10  bar  diameters   c o n s t i t u t e s   a  con-  

venien t   p i t ch .   The  cold  twis ted   bar  then  c o n s t i t u t e s   a  s u i t a b l e   s t a i n -  

less  s t ee l   concre te   r e in fo rcemen t   b a r .  



The  f o l l o w i n g   examples  give  f u r t h e r   d e t a i l s   of  s u i t a b l e   s t a i n l e s s  

s tee l   r e i n f o r c i n g   bars  in  accordance  with  the  i n v e n t i o n .  

Example 1  An  a u s t e n i t i c   s t a i n l e s s   s t e e l   has  the  f o l l o w i n g  

ana ly s i s   : -  

This  s t e e l   was  hot  r o l l ed   to  a  d iameter   s u i t a b l e   for  conc re te   r e -  
in forcement .   Mechanical   p r o p e r t i e s   of  one  sample  of  bar  in  the  a s  
r o l l ed   c o n d i t i o n   were  measured.  A  second  sample  of  the  bar  was  c o l d  

twis ted  with  a  p i t ch   equal  to  10  d iameters   and  was  sub jec t ed   to  t h e  

same  mechanica l   t e s t s .   De ta i l s   of  the  mechanical   p r o p e r t i e s   of  t h e  

two  bars  were  as  fo l lows  : -  

It  can  be  seen  that   the  e f f e c t   of  the  cold  t w i s t i n g   is  to  i n c r e a s e  

the  0.2%  proof  s t r e s s   very  s u b s t a n t i a l l y   and  also  to  i nc rease   the  t e n s i l e  

s t r e n g t h .   The  excess  of  t e n s i l e   s t r e s s   over  proof  s t r e s s   dec reases   w i t h  

cold  working  but  s t i l l   remains  at  a  s a t i s f a c t o r y   18%.  S i m i l a r l y ,   t h e  

e l o n g a t i o n   on  f r a c t u r e   reduces  a f t e r   cold  t w i s t i n g   but  s t i l l   r e m a i n s  

s a t i s f a c t o r y .  

Example  2  The  procedures   for  Example  1  were  r epea ted   but  with  a 

s t ee l   having  the  fo l lowing   a n a l y s i s   : -  

The  mechanica l   p r o p e r t i e s   for  th is   s t e e l   were  as  fol lows  : -  



This  m a t e r i a l   also  e x h i b i t s   a  s a t i s f a c t o r y   inc rease   in  p r o o f  
s t r e s s   on  cold  t w i s t i n g   toge the r   with  s a t i s f a c t o r y   values  for  t h e  

excess  of  t e n s i l e   s t r e n g t h   over  proof  s t r e s s   and  e l o n g a t i o n .  

Example 3  The  procedures   for  Examples  1  and  2  were  r e p e a t e d  
with  a  s t e e l  h a v i n g   the  fo l lowing  a n a l y s i s   : -  

In  a d d i t i o n   to  a  sample  twis ted   to  a  p i t ch   of  10  diameters   two 
f u r t h e r   samples  were  twis ted   to  p i t che s   of  11  and  12  d i a m e t e r s  

r e s p e c t i v e l y .   The  fo l lowing  tab le   i l l u s t r a t e s   that   s a t i s f a c t o r y  

p r o p e r t i e s   were  obta ined  and  that   these  p r o p e r t i e s   vary  yery  l i t t l e  

with  changes  in  the  p i tch   of  t w i s t .  

Example  4  The  procedures   for  Examples  1 and  2  were  repeated   f o r  

a  f e r r i t i c   s t a i n l e s s   s t ee l   having  the  fo l lowing   a n a l y s i s   : -  

The  mechanical   t e s t s   on  th is   m a t e r i a l   gave  the  fo l lowing  r e s u l t s : -  

This  is  an  example  of  a  f e r r i t i c   s t a i n l e s s   s t e e l .   An  a d e q u a t e  

proof  s t r e s s   was  achieved  but  even  with  the  cold  tw i s t ing   l imi ted   to  a 

p i tch   of  18  d iameters   the  excess  of  t e n s i l e   s t r e n g t h   over  proof  s t r e s s  



is  only  m a r g i n a l l y   s a t i s f a c t o r y   for  r e i n f o r c i n g   bar  r e q u i r e m e n t s .  

In  a l l   of  the  above  examples  the  cold  twis ted   bars  have  a  r e s i s t -  

ance  to  c o r r o s i o n   by  c h l o r i d e   ions  in  sodium  c h l o r i d e   which  is  s a t i s -  

f a c t o r y   for  r e i n f o r c i n g   bar  purposes .   Some  sur face   p i t t i n g   can  o c c u r ,  

p a r t i c u l a r l y   with  the  low  molybdenum  s t a i n l e s s   s t e e l s .   However  t h i s  

degree  of  c o r r o s i o n   appears  to  be  w i th in   a c c e p t a b l e   l im i t s   having  r e g a r d  

to  the  r equ i r emen t s   of  conc re te   r e i n f o r c e m e n t .   The  s t r e n g t h   of  t h e  

r e i n f o r c i n g   bars  should  not  reduce  to  unaccep tab l e   l eve l s   during  t h e  

normal  l i f e   of  a  concre te   s t r u c t u r e ,   even  for  s t r u c t u r e s   such  a s  

b r idges   which  are  sub jec t ed   to  dynamic  loading.   S i m i l a r l y ,   t h e  

inc reased   volume  of  c o r r o s i o n   p roduc t s   in  the  l o c a l i t y   of  the  r e i n f o r c e -  

ment  is  i n s u f f i c i e n t   to  c r ea t e   a  s e r i ous   r i s k   of  conc re te   c r u m b l i n g  

away  from  the  r e in fo rcemen t   near  the  su r face   of  a  s t r u c t u r e .  

Although  the  cost   of  any  s t a i n l e s s   s t e e l   is  much  h igher   than  t h a t  

of  c o n v e n t i o n a l   s t e e l s   used  for  r e i n f o r c e m e n t ,   the  cost   of  c e r t a i n  

s t a i n l e s s   s t e e l s   is  not  p r o h i b i t i v e   when  compared  with  the  cost   o f  

g e n e r a l l y   u n s a t i s f a c t o r y   p rocedures   now  in  use  to  guard  a g a i n s t   c o r r o s -  

ion  a t t a c k   of  conven t iona l   r e i n f o r c i n g   bars .   In  p a r t i c u l a r ,   c o l d  

twis ted   low  molybdenum  s t a i n l e s s   s t e e l s   have  a  cost  which  is  of  t h e  

order  of  one  quar te r   to  one  ha l f   of  the  cost   of  high  s t r e n g t h   h i g h  

molybdenum  a u s t e n i t i c   s t a i n l e s s   s t e e l s   which  might  have  s a t i s f a c t o r y  

p r o p e r t i e s   for  r e i n fo r cemen t   bar  in  the  as  r o l l e d   c o n d i t i o n .  

The  cold  twis ted   s t a i n l e s s   s t e e l   bars  de sc r ibed   in  the  examples  

also  have  good  impact  p r o p e r t i e s   making  them  p a r t i c u l a r l y   s u i t a b l e  

where  dynamic  loading  c o n d i t i o n s   are  l i k e l y .  



1.  A  concre te   r e i n f o r c i n g   bar  c h a r a c t e r i s e d   in  that   the  bar  i s  

formed  from  s t a i n l e s s   s t e e l   which  has  been  cold  worked  by  t w i s t i n g .  

2.  A  concre te   r e i n f o r c i n g   bar  according   to  Claim  1  c h a r a c t e r i s e d   i n  

that   the  s t a i n l e s s   s t e e l   con ta ins   less  than  0.5%  molybdenum. 

3.  A  concre te   r e i n f o r c i n g   bar  according  to  Claim  2  c h a r a c t e r i s e d   i n  

that   the  molybdenum  con ten t   is  between  0.25%  and  0.5%. 

4.  A  concre te   r e i n f o r c i n g   bar  as  claimed  in  Claim  1  c h a r a c t e r i s e d   i n  

that   the  s t a i n l e s s   s t e e l   is  an  a u s t e n i t i c   s t a i n l e s s   s t ee l   compris ing  : -  

5.  A  r e i n f o r c e d   concre te   s t r u c t u r e   i n c o r p o r a t i n g   concre te   r e i n f o r c i n g  .  

bars  according  to  any  p receeding   c l a i m .  

6.  A  method  of  producing  a  concre te   r e i n f o r c i n g   bar  by  cold  t w i s t i n g  

an  as  r o l l ed   s t a i n l e s s   s t e e l   b a r .  
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