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@  Steel  corrosion  protected  members. 

A  steel  corrosion-protected  member  such  as  a  reinforc- 
ing  bar,  a  rock  anchor,  tie  bar  or  prestressing  tendon  com- 
prises  a  core  of  carbon  or  alloy  steel  with  a  cladding  of  stain- 
less  steel  or  copper. 

A  number  of  methods  of  applying  the  cladding  are  de- 
scribed  including  inserting  a  mild  steel  rod  or  bar  into  a  stain- 
less  steel  tube  and  hot  rolling  the  rod  and  tube  together  to  re- 
duce  diameter  and  apply  the  usual  rib  pattern. 

Alternatively  a  composite  billet  may  be  extruded  and  then 
rolled  down  to  size. 

The  resulting  reinforcing  bar  shows  a  carbon  steel  core 
(100)  to  which  is  welded  by  pressure  a  stainless  steel  cladding 
(101)  with  ribs  (107). 

A  rock  anchor  is  also  described  which  has  a  core  of  car- 
bon  or  alloy  steel  clad  with  stainless  steel  and  includes  a 
threaded  end  formed  on  the  stainless  steel. 



This  i n v e n t i o n   r e l a t e s   to  s t e e l   c o r r o s i o n - p r o t e c t e d  
members  such  as  r e i n f o r c e m e n t   members  and  t e n s i o n   members  

for  ground  a n c h o r s ,   t i e   b a r s ,   r e i n f o r c i n g   b a r s ,   r o c k  

a n c h o r s   and  the  l i k e .  

R e i n f o r c i n g   bars   are  n o r m a l l y   made  of  mild  s t e e l  

and  are  used  in  c o n s t r u c t i o n   of  b u i l d i n g s ,   b r i d g e s ,  
h i g h w a y s ,   p i e r s ,   e t c . ,   very  o f t e n   in  c o r r o s i v e   e n v i r o n -  

ments  such  as  s a l t   water   e n v i r o n m e n t s .  

C o r r o s i o n   of  r e i n f o r c e m e n t   is  r e c o g n i s e d   as  t h e  

p r i n c i p a l   cause   of  p r e m a t u r e   d e t e r i o r a t i o n   of  c o n c r e t e  
s t r u c t u r e s .   The  c o r r o s i o n   has  been  a s s o c i a t e d   wi th   a 
number  of  c o n d i t i o n s   such  as  use  of  poor  q u a l i t y  c o n c r e t e  
( c o n t a m i n a t e d   a g g r e g a t e s ) ,   low  c o n c r e t e   c o v e r ,   c o n c r e t e  

s u b j e c t e d   to  c h l o r i d e   in  p e n e t r a t i o n   (mar ine   e n v i r o n m e n t ,  

d e - i c i n g   s a l t s )   or  c h l o r i d e   se t   a c c e l e r a t o r s .   The  p r o d u c t s  
of  c o r r o s i o n   r e s u l t   in  a  volume  change  and  at  bes t   c a u s e  
r u s t   s t a i n i n g   and  s p a l l i n g   of  the  s t r u c t u r e   and  at  w o r s t  

cause   s t r u c t u r a l   w e a k e n i n g .  
To  overcome  t h i s   problem  i t   is  known  to  use  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   but  t h e s e   are  e x t r e m e l y   e x p e n s i v e  
both  in  terms  of  m a t e r i a l   cos t   and  m a n u f a c t u r i n g   c o s t .  

It  is  one  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   a 
v i a b l e   and  much  l e s s   e x p e n s i v e   a l t e r n a t i v e   to  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   b a r s .  

In  a c c o r d a n c e   with  one  a s p e c t   of  the  i n v e n t i o n   a 
c o r r o s i o n - p r o t e c t e d   s t e e l   r e i n f o r c e m e n t   member  or  t e n s i o n  
member  c o m p r i s e s   a  mild  s t e e l   core  with  a  c l a d d i n g   o f  
s t a i n l e s s   s t e e l  o r   o t h e r   c o r r o s i o n   r e s i s t a n t   meta l   or  a l l o y  
such  as  m i c k e l / c o p p e r   a l l o y .   A  p r e f e r r e d   s t a i n l e s s   s t e e l  
is  type   316  which  is  n o m i n a l l y   18%  chromium,  11%  n i c k e l   a n d  

2% molybdenum  but  o t h e r   g r a d e s   such  as  t y p e s   304  and  321 

may  be  used .   A  p r e f e r r e d   n i c k e l / c o p p e r   a l l o y   i s  
Morel  400  (70%  n i c k e l ,   30%  c o p p e r ) .  

The  core  m a t e r i a l  m a y   be,  for  example ,   a  mild  s t e e l  



with  up  to  0.25%  ca rbon   but  minor  a d d i t i o n s   of  N i o b i u m  

or  Vanadium  or  both  may  be  employed .   If   c r e e p   r e s i s t a n c e  
is  a  p a r t i c u l a r   r e q u i r e m e n t   the  core   may  i n c l u d e   up  to  2% 

of  the  chromium  and  m o l y b d e n u m .  
From  a n o t h e r   a s p e c t   the  i n v e n t i o n   c o m p r i s e s   a 

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

o r cemen t   member  or  t e n s i o n   member  c o m p r i s i n g   the  s t e p s   o f : -  

i n s e r t i n g   a  mild  s t e e l   rod  or  bar  i n t o   a 
s t a i n l e s s   s t e e l   t u b e ;   and  
hot  r o l l i n g   the  rod  and  t u b e  t o g e t h e r   so  a s  
to  weld  the  tube   onto  the  r o d .  

P r e f e r a b l y ,   b e f o r e   the  hot  r o l l i n g   is  done  the  s t a i n -  

l e s s   s t e e l   tube  and  mild  s t e e l   rod  are  j o i n e d   at  one  end  o r  
both  by  w e l d i n g .   A l t e r n a t i v e l y ,   a  c l ad   b i l l e t   may  be  made 

by  c a s t i n g   s t a i n l e s s   on  a  mild  s t e e l   base  m a t e r i a l .  

The  hot  r o l l i n g   is  p r e f e r a b l y   c a r r i e d   out  at  a 

t e m p e r a t u r e   in  the  r ange   700°C  to  1250°C  and  w i t h i n   t h i s   a 

n a r r o w e r   range   of  say  800°C  to  1000°C  is  p r e f e r r e d   d e p e n d i n g  

on  the  hot  w o r k a b i l i t y   c h a r a c t e r i s t i c s   of  the   d i s i m i l a r  

m e t a l s   employed  and  the  f i n a l   m e c h a n i c a l   p r o p e r t i e s   d e m a n d e d .  

A l t e r n a t i v e l y   a  t w o - s t a g e   p r o c e s s   may  be  used  i n  
which  hot  r o l l i n g   is  f o l l o w e d   by  warm  w o r k i n g .  

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

p r o p e r t i e s   of  the  c lad   bar .   C o n v e n t i o n a l   hot  work ing   of  a 
c lad  bar  would  n o r m a l l y   r e s u l t   in  a  f i n i s h   r o l l i n g   t e m p e r a -  
t u r e   in  e x c e s s   of  1000°C  i . e .   the  p r o p e r t i e s   would  be  t h o s e  
l e v e l s   o b t a i n a b l e   from  a  s t r a i g h t   a i r   cool  from  1 0 0 0 ° C .  

This  o r d e r   of  f i n i s h   r o l l i n g   t e m p e r a t u r e   is   s a t i s f a c t o r y   t o  
o b t a i n   s p e c i f i e d   s t r e n g t h   p r o p e r t i e s   in  r o l l i n g   s o l i d   h i g h  
y i e l d   r e i n f o r c i n g   ba r .   U n f o r t u n a t e l y  i n   u s i n g   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   as  c l a d d i n g   m a t e r i a l  t h e   s t r e n g t h   in  a n y  
s t a n d a r d   s e c t i o n   is  d i l u t e d   i . e .   a u s t e n i t i c   s t a i n l e s s   is  o f  
lower  s t r e n g t h   than  high  y i e l d   bar  t o ' s a y   B.S.  4449.   T h e r e  
is  of  c o u r s e   no  way  of  h a r d e n i n g   the  s t a i n l e s s   in  r i b b e d  
form  (smooth  bar  cou ld   be  cold  drawn)  so  we  r e s o r t   to  warm 



w o r k i n g .   Warm  w o r k i n g   in  the  p r e s e n t   bar  r o u t e   c o n s i s t s   o f  

r o l l i n g   the   b i l l e t   to  a  bar  c o n v e n t i o n a l l y   up  to  the   l a s t  

t h r e e   p a s s e s .   A t  t h i s   s t a g e   the   ho t   bar   is   h e l d   on  t he   m i l l  

f l o o r   u n t i l   the   t e m p e r a t u r e   d rops   to  a b o u t   750°C.   On 

r e a c h i n g   t h i s   lower   t e m p e r a t u r e   the   bar  t hen   g o e s   t h r o u g h   t h e  

f i n a l   p a s s e s .   Th is   r e s u l t s   in  a  s i g n i f i c a n t   i m p r o v e m e n t   i n  

the   y i e l d   s t r e n g t h   of  the   s t a i n l e s s   s t e e l   and  b r i n g s   i t   t o  

the   same  o r d e r   as  h igh   y i e l d   r e i n f o r c i n g   b a r .   The  warm 
w o r k i n g  p r o c e s s   has   l i t t l e   or  no  e f f e c t   on  s t r e n g t h   of  t h e  

c a r b o n   s t e e l -   i n s e r t  m a t e r i a l .  

The  cut   ends  of  the  r e i n f o r c i n g   bar   may  be  s e a l e d   b y  

a p p l y i n g   h e a t   s h r i n k a b l e   p l a s t i c   caps   which   may  f o r   e x a m p l e  
be  of  p o l y t h e n e   o r  a n y   o t h e r   h e a t   s h r i n k a b l e   p l a s t i c .  

A l t e r n a t i v e l y ,   or  in  a d d i t i o n ,   the   cu t   e n d s   of  t h e  

bar  may  b e  s e a l e d   by  means  of  a  r e s i n   or  p l a s t i c   c o a t i n g  

c o m p o s i t i o n   which  may  be  a p p l i e d   by  b r u s h i n g   or  d i p p i n g   t h e  

ends  i n t o   the   l i q u i d   c o m p o s i t i o n .  

A d d i t i o n a l l y  t h e  e n d s   may  be   s e a l e d   by  t h e   a p p l i c a t i o n  
of  a  s t a i n l e s s   cap  u s i n g   a  r e s i n   a d h e s i v e   or  by  u s i n g   a  
f r i c t i o n   we lded   cap .   A l t e r n a t i v e l y   the   end  s e a l   may  b e  

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

in  the  t u b e   p r i o r  t o   h o t - r o l l i n g .  

P r e f e r a b l y   b e f o r e   m a n u f a c t u r i n g   the   r e i n f o r c i n g   b a r  
the   mi ld   s t e e l - r o d   or  bar  and  the   s t a i n l e s s   s t e e l   t ube   a r e  

ve ry   t h o r o u g h l y   c l e a n e d   and  d e g r e a s e d   so  as  to  r emove   a n y  
d i r t ,   g r e a s e   and  o x i d e   f i l m   t h a t   may  be  on  e i t h e r .   I t   i s  

p a r t i c u l a r l y   i m p o r t a n t   to  remove  o x i d e   f i l m   from  the   i n t e r n a l  
s u r f a c e   of  the   s t a i n l e s s  s t e e l   tube   so  as  to  e n s u r e   a  g o o d  
weld  c o n t a c t   b e t w e e n  t h a t  s u r f a c e   and  the   e x t e r n a l   s u r f a c e  
of  the   mi ld   s t e e l   rod  or  b a r .  

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

c a s t i n g   r a t h e r  t h a n   hot   r o l l i n g .   E i t h e r   a  s t a i n l e s s   s t e e l  

c l a d d i n g   is   c a s t   on to   a  mild  s t e e l   co r e   or  a  s t a i n l e s s   s t e e l  
s h e l l   is   c a s t   f i r s t - a n d   then  f i l l e d   wi th   mi ld   s t e e l .  

The  f i r s t   method  employs   r e f r a c t o r y   c o r e s   or  s l e e v e s  



in  an  i n g o t   mould .   An  i n g o t   mould  is  made  up  c o n t a i n i n g   a  

r e f r a c t o r y   co re   which  is  p o s i t i o n e d   down  t he   c e n t r a l   a x i s .  

The  f i r s t   m e t a l   e . g .   s t a i n l e s s   s t e e l ,   would   t h e n   b e  

teemed  t h r o u g h   the   gap  be tween   the  mould  w a l l   and  t h e  

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

s o l i d i f i c a t i o n  t h e   r e f r a c t o r y   co re   or  s l e e v e   i s   p u l l e d   o u t  

of  t h e  m o u l d ,   a n d  t h e   space   l e f t   is  f i l l e d   up  w i t h  a   m o l t e n  

s e c o n d   m e t a l   e . g .   m i ld   s t e e l .  
The  s e c o n d  m e t h o d   is  to  r e p l a c e   the   r e f r a c t o r y   c o r e  

or  s l e e v e   in  the   i n g o t   mould  wi th   the   f i r s t   of  t h e   t w o  
d i s s i m i l a r   m e t a l s   e . g .   su spend   a  mi ld   s t e e l   c o r e   in  t h e  

c e n t r e   o f  a n   i n g o t   mould  and  c a s t   s t a i n l e s s   b e t w e e n   t h e  
mi ld   s t e e l   and  the   i n g o t   mould  w a l l .  

A l t e r n a t i v e l y   a  s t e e l   r e i n f o r c e m e n t   member  or  a  
t e n s i o n   member  may  be  m a n u f a c t u r e d   f r o m  a   s o l i d   e x t r u d e d  

c o m p o s i t e   b i l l e t   c o m p r i s i n g   a  core   of  mi ld   s t e e l   and  a n  
o u t e r   l a y e r   of  s t a i n l e s s   s t e e l   o r  c o p p e r ,   t he   e x t r u d e d  

b i l l e t   b e i n g   r o l l e d   down  to  the  s i z e   r e q u i r e d   fo r   use   a s  
a  r e i n f o r c e m e n t   member  or  a  t e n s i o n   m e m b e r .  

From  a n o t h e r   a s p e c t ,   the   i n v e n t i o n   r e l a t e s   to  a  

g round   a n c h o r   or  t i e   bar  which  c o m p r i s e s   a  ba r   of  h i g h  
t e n s i l e   s t e e l   which  has  a  c o a t i n g   or  c l a d d i n g   of  s t a i n l e s s  

s t e e l   t h r o u g h o u t   i t s  l e n g t h   e x c e p t   fo r   a  t h r e a d e d   p o r t i o n  
of  t he   bar   at  a t   l e a s t   one  end  of  the  b a r .  

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

b a r s   is   t h a t   t h e y - a r e   o f t e n   r e q u i r e d   to  e x t e n d   for   a  
c o n s i d e r a b l e   d i s t a n c e   i n t o   the  g r o u n d ,   r o c k ,   or  o t h e r  
s u b - s t r u c t u r e .   I t   i s  o f t e n   n e c e s s a r y   to  j o i n   s u c c e s s i v e  

l e n g t h s   of  b a r s   t o g e t h e r .  
I n  a c c o r d a n c e   wi th   one  a s p e c t   of  t h i s   i n v e n t i o n   a  

g r o u n d   a n c h o r   or  t i e   ba r   c o m p r i s e s   a  number  of  l e n g t h s   o f  
bar  each  w i t h   s t a i n l e s s   s t e e l   c l a d d i n g   or  c o a t i n g   a n d  

t h r e a d e d   e n d s ,   j o i n e d   by  means  of  i n t e r n a l l y   t h r e a d e d   j o i n t i n g  
members ,   or  t u r n b u c k l e s ,   the   j o i n t s   be ing   made  c o r r o s i o n  

r e s i s t a n t .  



B y  u s i n g .  a   j o i n t i n g   member  or  t u r n b u c k l e   to  c o n n e c t  

the  two  t h r e a d e d   c o r e s   of  the   h igh   t e n s i l e   s t e e l   b a r s   t h e  

load   may  be  e n t i r e l y   c a r r i e d   w i t h i n   the  c o r e ,   t h e   c o a t i n g   o r  

c l a d d i n g   p l a y i n g   no  p a r t   in  c a r r y i n g   l o n g i t u d i n a l   s t r e s s e s .  

T h e  j o i n t s   may  be  made  c o r r o s i o n   r e s i s t a n t ,   f o r  

i n s t a n c e ,   by  i n j e c t i n g   a  r e s i n   or  o t h e r   c o r r o s i o n   r e s i s t a n t  

m a t e r i a l   t h r o u g h - a   h o l e   in  the  j o i n t i n g   member  or  t u r n b u c k l e  

a f t e r   i t   has  b e e n - t i g h t e n e d   in  p l a c e .  
To  a s s i s t   in  t he   c o r r o s i o n   p r o t e c t i o n   t he   e x p o s e d  

t h r e a d s   at  the   ends  o f  t h e   t i e   ba r   may  a l s o   be  c o a t e d   w i t h  

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

p r o t e c t e d .  
A n   o p t i o n a l   method  of  p r o v i d i n g   f u r t h e r   c o r r o s i o n  

p r o t e c t i o n   is   to  a t t a c h   a  h e a t   sh runk   p l a s t i c   s l e e v e   to  t h e  

j o i n t   b e t w e e n   a d j a c e n t   b a r s   so  t h a t   the   ends  of  t he   h e a t  

s h r u n k   s l e e v e s   g r i p   and  o v e r l a p   the  a d j a c e n t   ends   of  t h e  

s t a i n l e s s   s t e e l   c l a d   p o r t i o n s   of  the   b a r s   and  c r e a t e   a  d a m p  
p r o o f   and  w a t e r   t i g h t   s e a l .   Th is   h e a t   s h r i n k  s l e e v e  

c o u l d   a l s o   b e  f i l l e d   wi th   a  r e s i n   which  migh t   fo r   i n s t a n c e  

be  a  f o a m  . r e s i n .  

A n o t h e r   p r o b l e m   which  a r i s e s ,   p a r t i c u l a r l y   w h e n  

u s i n g   g r o u n d   a n c h o r s ,  i s   the  p r o t e c t i o n   of  the   i n n e r   end  o f  
the   g r o u n d   a n c h o r .   In  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n   t h e  
i n n e r   end  i s  p r o t e c t e d   e i t h e r   by  w e l d i n g   a  s t a i n l e s s   s t e e l  
b o t t o m   p l a t e   on to   the  bo t tom  end  of  the  ba r   so  t h a t   t h e  
s t a i n l e s s   s t e e l - b o t t o m   p l a t e   is   in  c o n t a c t   w i t h   t h e   a d j a c e n t  
s t a i n l e s s   s t e e l   c l a d d i n g   or  by  h e a t   s h r i n k i n g   a  p l a s t i c  
s l e e v e   or  c o v e r - o n t o   t h e   bo t tom  e n d .  

P r e f e r a b l y - t h e   top  p l a t e   of  the   a n c h o r   or  t i e   b a r  
has  a t t a c h e d   to  i t  a   s t a i n l e s s   s t e e l   tube   or  s l e e v e   p r e f e r a b l y  
w e l d e d  t o  t h e   u n d e r  s i d e   of  the   top  p l a t e ,   t hus   p r o t e c t i n g  
the   h i g h   t e n s i l e  o r   c a r b o n   s t e e l   m a t e r i a l   of  t he   c o r e   of  t h e  
bar   up  t o - o r   beyond  t h e  p o i n t   of  commencement   of  t h e  
s t a i n l e s s   s t e e l   s l e e v e .  

In  the   a c c o m p a n y i n g   d r a w i n g   is  d i a g r a m m a t i c a l l y  



i l l u s t r a t e d   a  method  in  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n   o f  

m a n u f a c t u r i n g   a  mild  s t e e l   r e i n f o r c i n g   bar  wi th   a  c l a d d i n g  
of  s t a i n l e s s   s t e e l ,   and  a  method  in  a c c o r d a n c e   w i t h   t h i s  

i n v e n t i o n   of  m a n u f a c t u r i n g   a  rock  a n c h o r ,   embody ing   t h e  

p r e s e n t   i n v e n t u o n .  

In  t h e  a c c o m p a n y i n g   d r a w i n g s : -  
F ig .   1  shows  a  t y p i c a l   l e n g t h   of  mi ld   s t e e l  

r e i n f o r c i n g  b a r - o r   r o d ;  
F ig .   2 - shows   a  s t a i n l e s s   s t e e l   t ube   which  may  b e  

used  for   c l a d d i n g   t h e  m i l d   s t e e l   bar  or  r o d ;  

F ig .   3  s h o w s  t h e   s t a i n l e s s   s t e e l   t u b e   w e l d e d   a t  

both  ends  t o  t h e   mild  s t e e l   bar  or  r o d ;  

F ig .   4  shows  d i a g r a m m a t i c a l l y   the  s t a i n l e s s   s t e e l  

tube   and  mild  s t e e l   bar  or  rod  be ing   p a s s e d   t h r o u g h   a 
f u r n a c e   a n d  t h e n   hot   r o l l e d ;  

F ig .   5  shows  a  f i n i s h e d   c l ad   r e i n f o r c i n g   ba r   w i t h  
the  a p p r o p r i a t e   end  caps  a p p l i e d ;  

F i g .   6  shows  a  s h o r t   l e n g t h   of  r i b b e d   bar  made  i n  

a c c o r d a n c e   with  t h i s   i n v e n t i o n ,   p a r t   of  i t   b e i n g   shown  i n  
s e c t i o n   to  i l l u s t r a t e   the  r e l a t i v e   t h i c k n e s s e s   of  s t a i n l e s s  

s t e e l   c l a d d i n g - a n d   mild  s t e e l   b a r ;  

F ig .   7  is  a  v e r t i c a l  l o n g i t u d i n a l   s e c t i o n   t h r o u g h   a 
rock  a n c h o r  e m b o d y i n g  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

Fig .   8  i s  a   s e c t i o n   t h r o u g h   an  a l t e r n a t i v e   form  o f  

the  rock  a n c h o r .  

In  m a n u f a c t u r i n g   the  c lad  r e i n f o r c i n g   bar   a  l e n g t h  
of  mild  s t e e l   r e i n f o r c e m e n t   bar  or  rod  100  as  i l l u s t r a t e d  

in  Fig .   1  is  s u b j e c t   to  p i c k l i n g t   d e g r e a s i n g  a n d   g e n e r a l  

c l e a n i n g   so  as  to  remove  any  l a y e r   of  g r e a s e ,   d i r t   o r  
o x i d e .   The  ba r   or  rod  100  may be  for  e x a m p l e ,   32mm  i n  
d i a m e t e r   and  made  of  0.25%  ca rbon   s t e e l .   A  c o n v e n i e n t  

l e n g t h   might   be  a n y t h i n g   be tween   1m  and  3m  d e p e n d i n g   on  
the  u l t i m a t e   p p p l i c a t i o n   of  the  r e i n f o r c e m e n t   bar   or  r o d  
which  is  be ing   m a d e .  

A  heavy   gauge  s t a i n l e s s   s t e e l   t ube   101  ( F i g .   2)  o f  



wal l   t h i c k n e s s   a p p r o p r i a t e   to  the  f i n a l   e n v e l o p e   t h i c k n e s s  

and  made,  t y p i c a l l y ,   of  18%  chromium,   8%  n i c k e l   s t e e l   i s  

then   d e g r e a s e d _ a n d   c l e a n e d   so  as  to  remove  g r e a s e ,   d i r t  

a n d  o x i d e  f i l m .   The  d i a m e t e r   of  the  tube   101  i s  s o   c h o s e n  

t h a t   i t   i s  a   s i m p l e   push  f i t   onto  the  mi ld   s t e e l   bar   or  r o d  

100  and  of  s u b s t a n t i a l l y   the  same  l e n g t h   as  t h e   bar   or  r o d .  

O n e  e n d  1 0 2   or  both  ends  of  the  s t a i n l e s s   s t e e l  

tube   is  or  are  then  welded  to  the  m i l d - s t e e l   ba r   or  r o d  

as  i l l u s t r a t e d   in  Fig .   3.  The  a s s e m b l y   104  of  mi ld   s t e e l  

bar  or  rod  100  and  s t a i n l e s s   s t e e l  t u b e  1 0 1   is   t h e n   p l a c e d  
in  a  f u r n a c e  1 0 3   and  h e a t e d   to  a  t e m p e r a t u r e   b e t w e e n   7 5 0 ° C  
and  1250°C  and  then   p r o m p t l y   hot  r o l l e d   by  means  of  a 
c o n v e n t i o n a l   h o t  r o l l i n g   mi l l   105  with  r i b b e d   r o l l s   106  

which  w i l l   a p p l y   the  u s u a l   r e i n f o r c e m e n t   r i b s   107  to  t h e  

r e i n f o r c e m e n t   bar  and  at  the  same  t ime  w i l l   c a u s e   t h e  

s t a i n l e s s   s t e e l   tube  101  to  become  f i r m l y   we lded   t h r o u g h o u t  
i t s   l e n g t h   to  the  mild  s t e e l   bar  or  rod  1 0 0 .  

The  mild  s t e e l   bar  with  i t s   c l a d d i n g   of  t u b e   i s   i n  

e f f e c t   used  as  a  b i l l e t  a n d   r o l l e d   c o n v e n t i o n a l l y   to  f o r m  

a  c l a d  b a r   in  w h a t e v e r   d i a m e t e r   is  r e q u i r e d   wi th   w h a t e v e r  

p a t t e r n   of  r i b s   is  r e q u i r e d .  
When  t h e  r e i n f o r c i n g   bar  is  used  p l a s t i c   e n d  c a p s   108 

may  be  h e a t   s h r u n k   onto   the  two  ends  of  the   bar   as  i l l u s t r a t e d  
in  F ig .   5.  A l t e r n a t i v e l y   the  ends  may  be  s e a l e d   by  u s i n g  
r e s i n   or  o t h e r   s u i t a b l e   s e a l i n g   compound  as  p r e v i o u s l y  
d e s c r i b e d .   I n  s o m e  c a s e s   for  a d d i t i o n a l   s e c u r i t y   the  e n d s  

may  be  s e a l e d   wi th   a  r e s i n   a n d  t h e n   p l a s t i c   end  caps   h e a t  
s h r u n k   o n .  

F i g .   6  shows  a  p o r t i o n   of  a  t y p i c a l   r i b b e d   r e i n f o r i n g  
bar  p r o d u c e d   in  a c c o r d a n c e   with  the  i n v e n t i o n .  

The  s t a i n l e s s   s t e e l   is  chosen   for  the  p a r t i c u l a r  
a p p l i c a t i o n ,   but  b a s i c a l l y   what  is  r e q u i r e d   is  a  s t a n d a r d  
a u s t e n i t i c   s t a i n l e s s   s t e e l   and  a  c o n v e n t i o n a l   mi ld   s t e e l  
for   the  rod  or  b a r .  

The  c o r r o s i o n   r e s i s t a n t   r e i n f o r c e m e n t   bar   w i l l   h a v e  



s i m i l a r   m e c h a n i c a l   p r o p e r t i e s   to  t h a t   of  a  c o n v e n t i o n a l  
mild  s t e e l   r e i n f o r c i n g   bar  but  w i l l   be  s u i t a b l e   for  use  i n  
for  example ,   c o n c r e t e   s t r u c t u r e s   where  c o r r o s i o n   r e s i s t a n c e  
is  n e c e s s a r y ,   such  as  sea  w a l l s ,   b r i d g e s   h a r b o u r   c o n s t r u c -  

t i o n ,   c h e m i c a l   p l a n t s   e t c .   The  r e i n f o r c i n g   bar  p r o d u c e d  
in  a c c o r d a n c e   with  t h i s   i n v e n t i o n   may  a l so   be  used  to  f o r m  
rock  a n c h o r s   and  o t h e r   s t r e n g t h e n i n g   and  r e i n f o r c i n g   d e v i c e s  
which  are  commonly  used  in  c o n c r e t e   c o n s t r u c t i o n   and  g r o u n d  
s t a b i l i s a t i o n .  

The  p r o d u c t i o n   of  r e i n f o r c i n g   bars   for  b u i l d i n g   i n d u s -  

t ry   use  is  based  on : -   a)  a  core   m a t e r i a l   of  0.25°o  c a r b o n  
maximum  with  p o s s i b l y   minor  a d d i t i o n s   of  n iob ium  a n d  

vanad ium;   and  (b)  an  o u t e r   c l a d d i n g   of  n o m i n a l l y   18% 

ch romium,  8%  n i c k e l .   This  s t a i n l e s s   grade   may  be  s p e c i f i e d  
to  type   316,  304  or  321.  These  bars   would  be  used  w h e r e  
c o r r o s i o n   r e s i s t a n c e   is  r e q u i r e d .  

The  next   s t a g e   is  to  use  an  e n v e l o p e   with  g r e a t e r  
c o r r o s i o n   r e s i s t a n c e   than  say  type  316  s t a i n l e s s ,   e . g .  
Monel  400  (70%  Ni  30%  C u ) .  

Another   c a t e g o r y   is  where  a  c o m b i n a t i o n   of  h i g h  
s t r e n g t h   and  c o r r o s i o n   r e s i s t a n c e   is  demanded,   where  t h e  
i n s e r t   is  a  high  s t r e n g t h   a l l o y   s t e e l   and  the  e n v e l o p e   i s  

aga in   type  316.  In  t h i s   case  the  c lad  bar  may  have  to  be  
h a r d e n e d   and  t e m p e r e d   to  o b t a i n   the  high  s t r e n g t h   l e v e l s .  

If  a  c o m b i n a t i o n   of  c reep   r e s i s t a n c e   and  c o r r o s i o n  
r e s i s t a n c e   is  r e q u i r e d   the  i n s e r t   m a t e r i a l   cou ld   be  s a y  
2%  Cr.Mo  c reep   r e s i s t a n t   m a t e r i a l   and  the  o u t s i d e   e n v e l o p e  
type   3 1 6 .  

In  F i g u r e   7  the  rock  a n c h o r ,   which  might  a l s o   b e  

a d a p t e d   for  use  as  a  t i e   b o l t ,   or  o t h e r   form  of  g r o u n d  
a n c h o r ,   c o n s i s t s   b a s i c a l l y   of  a  high  t e n s i l e   s t e e l   co re   10 

on  which  is  a  s t a i n l e s s   s t e e l   s h e a t h   11,  the   s h e a t h   b e i n g  
smooth  or  r i b b e d   as  shown  at  12.  Both  ends  of  the   bar  10 

are  t h r e a d e d   as  shown  at  13  and  14  r e s p e c t i v e l y .   This  i s  
the  b a s i c   component   of  the  rock  a n c h o r .   Two  such  r o c k  



a n c h o r s   or  l e n g t h s   of  t i e   bar  may  be  c o n n e c t e d   t o g e t h e r ,  

as  shown  in  F igu re   1,  by  means  of  a  c o n n e c t i n g   member ,  

or  t u r n b u c k l e   15,  which  is  i n t e r n a l l y   t h r e a d e d   w i t h  

t h r e a d s   of  o p p o s i t e   hand.  These  t h r e a d s   engage  c o r r e s p -  
onding   t h r e a d s   of  o p p o s i t e   hand  formed  on  the  t h r e a d e d  
e x t e n s i o n   14  of  the  bar  and  on  a  s i m i l a r   t h r e a d e d  

e x t e n s i o n   14a  of  an  a d j a c e n t   l e n g t h   of  the  rock  a n c h o r .  

The  t u r n b u c k l e   15  has  an  i n j e c t o r   hole  16  by  means  o f  

which  r e s i n   or  o t h e r   s e a l a n t   may  be  i n j e c t e d   i n t o   t h e  

space   17  between  the  ends  of  the  t h r e a d e d   p o r t i o n s   14 

and  14a  so  t h a t   the  s e a l a n t   w i l l   flow  i n t o   the  t h r e a d s  

and  s e a l   them.  The  t u r n b u c k l e   may  i t s e l f   be  made  o f  

s t a i n l e s s   s t e e l .  
To  a s s i s t   f u r t h e r   in  c r e a t i n g   a  c o r r o s i o n   r e s i s t a n t  

j o i n t   be tween  the  two  a d j a c e n t   l e n g t h s   of  rock  anchor   a 
heat   s h r i n k   p l a s t i c   s l e e v e   18  is  sh runk   onto  the  a d j a c e n t  
ends  of  the  two  rock  anchor   l e n g t h s   so  as  to  form  a 
c o m p l e t e   s ea l   e n c l o s i n g   the  t u r n b u c k l e   and  the  j o i n t .  
This  hea t   s h r i n k   s l e e v e   may  i t s e l f   be  f i l l e d   with  r e s i n  

or  o t h e r   c o r r o s i o n   r e s i s t a n t   m a t e r i a l   which  may  f o r  

example  be  a  foamed  r e s i n   or  p o l y s t y r e n e   so  as  to  p r o v i d e  
c o m p l e t e   damp  and  water   p r o o f   p r o t e c t i o n .  

The  lower  end  of  the  rock  anchor   may  have  a  p r o t e c t -  
ive  s t a i n l e s s   s t e e l   end  p l a t e   19  welded  to  i t ,   the  e n d  

p l a t e   be ing   welded  to  the  s t a i n l e s s   s t e e l   c l a d d i n g   a t  

t h i s   p o i n t   so  as  to  e n s u r e   a  c o m p l e t e   s e a l .  

In  p r a c t i c e   in  fo rming   the  j o i n t   i t   is  p o s s i b l e   t o  
machine   away  the  s t a i n l e s s   s t e e l   c o v e r i n g   and  expose   t h e  

core   of  high  t e n s i l e   s t e e l   and  then  form  a p p r o p r i a t e  
t h r e a d s   on  the  c o r e s .   It  may  a l so   be  d e s i r a b l e   to  c o a t  
the  exposed   t h r e a d s   with  s t a i n l e s s   s t e e l   or  to  c h r o m i u m  

p l a t e   the  exposed   t h r e a d s  
Threads   can  be  formed  on  top  of  the  c l a d d i n g   by  r o l l  

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



s t e e l   c l a d d i n g   by  not  l e s s   than  t h r e e   d i a m e t e r s   of  t h e  

b a r .  

If  a  r o c k  a n c h o r   is  r e q u i r e d   with  a  r e s i s t a n c e   t o  

o v e r - t u r n i n g   a  p l a t e   l a r g e r   than  the  d i a m e t e r   of  the   b a r  

may  be  a t t a c h e d   to  the  bot tom  end  e i t h e r   by  c o n v e n t i o n a l  

w e l d i n g   or  by  f r i c t i o n   w e l d i n g .  
As  a  l a r g e   l e n g t h   13  of  t h r e a d e d   bar  is   o f t e n  

r e q u i r e d   at  the  top  end  of  the  anchor   and  i f   t h i s   is  n o t  

of  s t a i n l e s s   m a t e r i a l ,   i t   r e q u i r e s   a d e q u a t e   p r o t e c t i o n .  
One  way  of  doing  t h i s   as  shown  in  F i g u r e   1  is  to  employ  a 
s t a i n l e s s   s t e e l   tube  20  welded  to  a  s t a i n l e s s   s t e e l   t o p  

p l a t e   21  and  e x t e n d i n g   down  so  as  to  o v e r l a p   s t a i n l e s s  

s t e e l   c l a d d i n g   of  the  c o r e .   This  tube   is  made  l o n g  
enough  to  a l low  for  anchor   a d j u s t m e n t   d u r i n g   p r e t e n s i o n i n g .  
Above  the  end  p l a t e   21  is  l o c a t e d   a  s t a i n l e s s   s t e e l   w a s h e r  
22  and  a  load  b e a t i n g   nut  23  which  is  used  for  s t r e s s i n g  
the  a n c h o r .   A  f u r t h e r   s t a i n l e s s   s t e e l   cap  nut  24  i s  

a p p l i e d   above  t h i s   to  p r o t e c t   the  exposed  t h r e a d s .   T h i s  

cap  nut  24  is  d r i l l e d   and  t apped   with  a  smal l   hole   25  t o  

p e r m i t   i n j e c t i o n   of  s e a l a n t   i n t o   the  space   w i t h i n   the  n u t  
and  down  the  t h r e a d .   The  main  s u p p o r t   p l a t e   is  a l s o  
d r i l l e d   and  t a p p e d   at  26  to  p e r m i t   the  i n j e c t i o n   o f  

s e a l a n t   i n t o   the  space   b e n e a t h   the  load  c a r r y i n g   nut  a n d  
i n t o   the  space   formed  between  the  ground  a n c h o r / r o c k   b o l t  
and  the  t u b u l a r   s l e e v e   20.  Thus  the  c a rbon   s t e e l  

m a t e r i a l   of  the  core   is  p r o t e c t e d   up  to  or  beyond  p o i n t  
of  commencement  of  the  s t a i n l e s s   s t e e l   s l e e v e .  

In  F i g u r e   2  the  lower   end  of  the   anchor   is  s e a l e d   by  
means  of  a  hea t   s h r i n k   s l e e v e   27.  The  upper   end  of  t h e  
t h r e a d e d   core   13a  is  p l a t e d   with  chromium  or  cadmium  o r  
o t h e r   s u i t a b l e   p l a t i n g .   The  r e m a i n i n g   d e t a i l s   of  t h i s  
embodiment   are  the  same  as  d e s c r i b e d   with  r e f e r e n c e   t o  

F i g u r e   1 .  
E i t h e r   of  t h e s e   ground  a n c h o r s   may  be  used  i n  

m u l t i p l e   form  i . e .   with  two,  t h r e e   or  more  ground  a n c h o r s  



p a s s i n g   t h r o u g h   a  s i n g l e   top  p l a t e   or  end  p l a t e .   They  

may  be  used ,   for  example ,   in  hard  rock  or  c o n c r e t e   a n d  

may  be  g r o u t e d   i n t o   p l ace   in  the  hole  in  the  r o c k ,  
c o n c r e t e   or  o t h e r   f o r m a t i o n   i n  t h e   normal  way.  

Where  c l a d d i n g   is  t h r e a d e d   w i t h o u t   p e n e t r a t i o n   no 
a d d i t i o n a l   t h r e a d   p r o t e c t i o n   is  n e c e s s a r y .   A s s o c i a t e d  

c o m p o n e n t s ,   n u t s ,   w a s h e r s ,   p l a t e s   and  t u r n b u c k l e   ( 2 3 ,  

21,  26,  25  in  F i g u r e   7)  remain  u n c h a n g e d .  



The  m a n u f a c t u r e   of  the  b a s i c   ba r s   which  form  the   r o c k  

a n c h o r s   may  b e  c a r r i e d   out  as  d e s c r i b e d   above  in  r e l a t i o n  

to  r e i n f o r c i n g   b a r s .  

A l t e r n a t i v e l y   the  bars   which  form  the   r o c k   a n c h o r s  

may  be  formed  from  s o l i d   e x t r u d e d   c o m p o s i t e   b i l l e t   i . e .   a 

c o m p o s i t e   b i l l e t   of  s t a i n l e s s   s t e e l   and  h igh   t e n s i l e   s t e e l .  

The  e x t r u d e d   b i l l e t   may  be  formed  so  as  to  g ive   t h e   c o r r e c t  

p r o p o r t i o n s   of  s t a i n l e s s   s t e e l   c l a d d i n g   to  mi ld   s t e e l   c o r e  
and  the   e x t r u d e d   b i l l e t   may  be  r o l l e d   d o w n  t o   t h e   s i z e  

r e q u i r e d   for-  a  p a r t i c u l a r   rock  anchor   or  t i e   b o l t .  

By  u s i n g  a   c o - e x t r u d e d   tube   c o n s i s t i n g   of  an  o u t e r  

s l e e v e   of  s t a i n l e s s   s t e e l   and  an  i n n e r   s l e e v e   of  h i g h  
t e n s i l e   s t e e l ,   a d v a n t a g e   is  t a k e n   of  the  f a c t   t h a t   t h e  

m a t e r i a l s   a re   e x t r u d e d  t o g e t h e r   so  t h a t   m e t a l l u r g i c a l   b o n d  

is  formed  at  the   i n t e r f a c e   of  the   two  m a t e r i a l s .   This   a v o i d s  

p r o b l e m s   of  m e c h a n i c a l   bond ing   of  two  d i f f e r e n t   m a t e r i a l s  
which  can  r e s u l t   in  p rob l ems   d u r i n g   t h e r m a l   c y c l i n g  
c o n d i t i o n s   e t c .   due  to  i n t e r f a c e   s e p a r a t i o n .  

The  method  of  making  t h e s e   rock  a n c h o r s   and  t i e   b o l t s  

s t a r t i n g   wi th   a  s o l i d   e x t r u d e d   c o m p o s i t e   b i l l e t   may  e q u a l l y  
be  a p p l i e d - t o   the  r e i n f o r c i n g   b a r s   and  o t h e r   r e i n f o r c i n g  
members  d e s c r i b e d  a b o v e   in  c o n n e c t i o n   wi th   F i g s .   1  t o  6 .  

To  form  an  e x t r u d e d   c o m p o s i t e   b i l l e t ,   a  s l e e v e   o f  
each  of  t h e - c o m p a n e n t   m a t e r i a l s   is  p r e p a r e d   e i t h e r   from  a  
p i e r c e d   b i l l e t   or  s o l i d   bar .   The  two  s l e e v e s   a re   m a c h i n e d  
to  c l o s e   t o l e r a n c e s   and  the  i n n e r   s l e e v e   of  h i g h   t e n s i l e   s t e e l  
f i t t e d   to  the  o u t e r   s l e e v e   of  s t a i n l e s s   s t e e l   to  form  a 
c o m p o a i t e   b i l l e t .   T h e  e n d s   of  the  s l e e v e s   are  w e l d e d   t o  

p r e v e n t  c o n t a m i n a t i o n  a n d   the  c o m p o s i t e   b i l l e t   is   h e a t e d  
to  e x t r u s i o n   t e m p e r a t u r e .   Glass   l u b r i c a n t   is   a p p l i e d   t o  
the   b i l l e t   which  is  t hen   t r a n s f e r r e d   to  a  3 , 0 0 0   t o n n e  
e x t r u s i o n   p r e s s .  

A  m a n d r e l   is  pushed   t h r o u g h  t h e   a x i s   of  t he   c o m p o s i t e  
b i l l e t   and  then   r e d a c t i o n   and  e l o n g a t i o n   are   e f f e c t e d   b y  
s q u e e z i n g   t he   b i l l e t   t h r o u g h   the  a n n u l a r   s p a c e   b e t w e e n   a 



die  and  a  m a n d r e l .   The  e x t r u d e d   b i l l e t   may  be  t hen   c o l d  
r e d u c e d   or  hot  r e d u c e d   emp loy ing   c o n v e n t i o n a l   m e t h o d s .   The  
u s u a l   h e a t   t r e a t m e n t   and  s u r f a c e   f i n i s h e s   may  t h e n   be  u s e d .  
If   d e s i r e d   the  f i n i s h e d   r e d u c e d   b i l l e t ,   a s s u m i n g   i t   is  o f  
the  s i z e   r e q u i r e d   for  making  a  rock  a n c h o r ,   may  t hen   b e  

p a s s e d   t h r o u g h - r o l l i n g   d i e s   which  form  c o n v e n t i o n a l .  

p a t t e r n s   of   r i b s   on  the  e x t e r i o r   s u r f a c e   of  the   s t a i n l e s s  
s t e e l   c l a d d i n g .   As  seen  in  the  d r a w i n g s ,   the   s t a i n l e s s  
s t e e l   c l a d d i n g -   is  a  minor  p r o p o r t i o n  o f   the  c o r s s   s e c t i o n  
and  o b v i o u s l y   d o e s - n o t   c a r r y   the  t e n s i l e   l o a d s .  



1.  A  c o r r o s i o n - p r o t e c t e d   s t e e l   r e i n f o r c e m e n t   member 

or  a  t e n s i o n   member  c o m p r i s e s   a  ca rbon   s t e e l   core   w i t h  

a  c l a d d i n g   of  s t a i n l e s s   s t e e l   or  o t h e r   c o r r o s i o n  
r e s i s t e n t   meta l   or  a l l o y   such  as  a  n i c k e l / c o p p e r   a l l o y .  
2 .   A  member  a c c o r d i n g   to  Claim  1  and  in  which  t h e  
s t a i n l e s s   s t e e l   is  n o m i n a l l y   18%  chromium  and  8%  n i c k e l .  

3.  A  member  a c c o r d i n g   to  Claim  1  a n d  i n   which  t h e  

n i c k e l / c o p p e r   a l l o y   is  70%  n i c k e l ,   30%  c o p p e r .  
4.  A  member  a c c o r d i n g   to  Claim  1,  Claim  2  o r   Claim  3 

and  in  which  the  mild  s t e e l   has  up  to  0.25%  ca rbon   w i t h  

minor  a d d i t i o n s   of  Niobium  or  Vanadium  or  b o t h .  

5.  A  member  a c c o r d i n g   to  any  p r e c e d i n g   c la im  and  i n  

which  the  core   i n c l u d e s   up  to  2%  of  the  chromium  a n d  

m o l y b d e n u m .  
6.  A  method  of  m a n u f a c t u r i n g   c o r r o s i o n - p r o t e c t e d  
s t e e l   r e i n f o r c e m e n t   member  o r  a   t e n s i o n   member  c o m p r i s i n g  
the  s t e p s   o f : -  

i n s e r t i n g   a  ca rbon   s t e e l   rod  or  bar  i n t o   a 
s t a i n l e s s   s t e e l   t u b e ;   and 
hot  r o l l i n g   the  rod  and  tube  t o g e t h e r   so  a s  
to  weld  the  tube  onto  the  r o d .  

7.  A  method  a c c o r d i n g   to  Claim  6  and  in  which ,   b e f o r e  

the  hot  r o l l i n g   is  done ,  t he   s t a i n l e s s   s t e e l   tube   and  m i l d  

s t e e l   rod  are  j o i n e d   at  o n e  e n d   or  both  by  w e l d i n g .  
8.  A  method  of  making  a  c o r r o s i o n   p r o t e c t e d   s t e e l  

r e i n f o r c e m e n t   member  or  a  p e n s i o n   member  a c c o r d i n g   t o  
Claim  1  and  in  w h i c h  a   c l a d  b i l l e t   may  be  made  by  c a s t i n g  
s t a i n l e s s   on  a  m i l d  s t e e l   base  m a t e r i a l .  
9.  A  method  a c c o r d i n g   to  any  of  Claims  6  to  8  in  w h i c h  

the  hot  r o l l i n g   is  c a r r i e d   out  at  a  t e m p e r a t u r e   in  t h e  

range   700°C  to  1 2 5 0 ° C .  
10.  A  method  a c c o r d i n g   to  Claim  9  and  in  which  t h e  

t e m p e r a t u r e   is  in  the  r a n g e  o f   800°C  to  1000°C.  t h e  

t e m p e r a t u r e   be ing   chosen   a c c o r d i n g   to  the  hot  w o r k a b i l i t y  



c h a r a c t e r i s t i c s   of  the  d i s i m i l a r   m e t a l s   employed  and  

the  f i n a l   m e c h a n i c a l   p r o p e r t i e s   d e m a n d e d .  

11.  A  method  a c c o r d i n g   to  any  of  Claims  6  to  10  and  i n  

which  a  t w o - s t a g e   p r o c e s s   is  used  in  which  hot  r o l l i n g  
is  f o l l o w e d   by  warm  w o r k i n g .  
12.  A  method  a c c o r d i n g   to  Claim  11,  u s ing   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   c o m p r i s i n g   hot  r o l l i n g   the  b i l l e t   to  a 
bar  at  a  t e m p e r a t u r e   between  800°C  and  -1250°C  up  to  t h e  
l a s t   t h r e e   p a s s e s ,   h o l d i n g   the  hot  bar  on  the  mi l l   f l o o r  
u n t i l   the  t e m p e r a t u r e   drops   to  about   750°C,  and  r o l l i n g  
the  f i n a l   p a s s e s   at  t h i s   lower  t e m p e r a t u r e .  
13.  A  member  a c c o r d i n g   to  any  of  Claims  1  to  6  and  i n  

which  cut  ends  of  the  m e m b e r / s e a l e d   by  a p p l y i n g   h e a t  
s h r i n k a b l e   p l a s t i c   caps  a n d / o r   by  means  of  a  r e s i n   o r  
p l a s t i c   c o a t i n g   c o m p o s i t i o n ,   a p p l i e d   by  b r u s h i n g   o r  
d i p p i n g   the  ends  i n t o   the  l i q u i d   c o m p o s i t i o n .  
14.  A  member  a c c o r d i n g   to  any  of  Claims  1  to  6  and  i n  
which  the  ends  are  s e a l e d   by  the  a p p l i c a t i o n   of  a  s t a i n -  
l e s s   cap  u s ing   a  r e s i n   a d h e s i v e   or  by  us ing   a  f r i c t i o n  
welded  cap,  or  by  i n c o r p o r a t i n g   a  s h o r t   l e n g t h   of  s t a i n l e s s  
i n s e r t   in  the  tube   p r i o r   to  hot  r o l l i n g .  
15.  A  ground  a n c h o r ,   t i e   bar ,   or  p r e s t r e s s i n g   t e n d o n  
which  c o m p r i s e s   a  bar  of  high  t e n s i l e   s t e e l   which  has  a 
c o a t i n g   or  c l a d d i n g   or  s t a i n l e s s   s t e e l   t h r o u g h   i t s   l e n g t h .  
16.  A  ground  a n c h o r ,   t i e   bar  or  p r e s t r e s s i n g   t e n d o n  

c o m p r i s e s   a  number  of  l e n g t h s   of  bar ,   in  a c c o r d a n c e   w i t h  
Claim  15,  each  with  s t a i n l e s s   s t e e l   c l a d d i n g   or  c o a t i n g  
and  t h r e a d e d   ends ,   j o i n e d   by  means  of  i n t e r n a l l y   t h r e a d e d  

j o i n t i n g   members,   or  t u r n b u c k l e s .  
17  A  ground  a n c h o r ,   t i e   bar  or  p r e s t r e s s i n g   t endon   i n  
a c c o r d a n c e   with  Claim  16  in  which  the  j o i n t s   are  made  by 
m e c h a n i c a l   methods  o t h e r   than  t h r e a d i n g .  
18.  A  ground  anchor   or  t i e   bar  in  a c c o r d a n c e   with  C l a i m  
17  in  w h i c h  t h e   j o i n t s   are  made  c o r r o s i o n - r e s i s t a n t   by 
i n j e c t i n g   a  r e s i n   or  o t h e r   c o r r o s i o n - r e s i s t a n t   m a t e r i a l  



t h r o u g h   a  hole   in  the  j o i n t i n g   member  o r  t u r n b u c k l e  

a f t e r   i t   has  been  t i g h t e n e d   or  f i xed   in  p l a c e .  
19.  A  ground  a n c h o r ,   t i e   bar  or  p r e s t r e s s i n g   t e n d o n  

a c c o r d i n g   to  Claim  16  and  in  which,   to  a s s i s t   in  t h e  

c o r r o s i o n   p r o t e c t i o n   the  t h r e a d s   at  the  ends  of  t h e  

t i e   bar  are  c o a t e d   with  chromium  or  cadmuum  p l a t i n g .  
20.  A  ground  anchor   or  t i e   bar  a c c o r d i n g   to  any  o f  

Claims  15  to  19  in  which  f u r t h e r   c o r r o s i o n   p r o t e c t i o n   i s  

p r o v i d e d   by  a t t a c h i n g   a  heat   sh runk   p l a s t i c   s l e e v e   to  t h e  

j o i n t   be tween  a d j a c e n t   bars   so  t h a t   the  ends  of  the   h e a t  

sh runk   s l e e v e s   g r ip   and  o v e r l a p   the  a d j a c e n t   e n d s  o f  

the  s t a i n l e s s   s t e e l   c lad   p o r t i o n s   of  the  bars   and  c r e a t e  

a  damp  p roo f   and  water   t i g h t   s e a l .  

21.  A  ground  anchor   or  t i e   bar  a c c o r d i n g   to  Claim  20 

and  in  which  the  hea t   s h r i n k   s l e e v e   is  f i l l e d   with  a 
r e s i n   such  as  a  foamed  r e s i n .  

22.  A  ground  anchor   a c c o r d i n g   to  any  of  Claims  15  t o  

21,  the  i n n e r   end  of  which  is  p r o t e c t e d   e i t h e r   by  w e l d i n g  

a  s t a i n l e s s   s t e e l   bot tom  p l a t e  o n t o   the  bot tom  end  o f  

the  bar  so  t h a t   s t a i n l e s s   s t e e l   bot tom  p l a t e   is  in  c o n t a c t  

with  the  a d j a c e n t   s t a i n l e s s   s t e e l   c l a d d i n g   or  by  h e a t  

s h r i n k i n g   a  p l a s t i c   s l e e v e   or  cover   on  to  the  bo t tom  e n d .  

23.  A  ground  anchor   a c c o r d i n g   to  any  of  Claims  15  to  22  i n  

which  the  top  p l a t e   of  the  anchor   or  t i e   bar  has  a t t a c h e d  

to  i t s   u n d e r s i d e   a  s t a i n l e s s   s t e e l   tube  or  s l e e v e   w h i c h  

p r o t e c t s   the  high  t e n s i l e   or  ca rbon   s t e e l   m a t e r i a l   of  t h e  

core   of  the  bar  up  to  or  beyond  the  p o i n t   of  commencemen t  

of  the  s t a i n l e s s   s t e e l   s l e e v e .  

24.  A  method  of  m a n u f a c t u r i n g   a  c lad   s t e e l   c o r r o s i o n  

p r o t e c t e d   r e i n f o r c e m e n t   member  or  t e n s i o n   member  c o m p r i s i n g  

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

and  an  o u t e r   edge  l a y e r   of  s t a i n l e s s   s t e e l   or  c o p p e r ,   t h e  

e x t r u d e d   c o m p o s i t e   b i l l e t   then  being  r o l l e d   down  to  t h e  

s i z e   r e q u i r e d   for  use  as  a  r e i n f o r c e m e n t   member  or  t e n s i o n  

member .  



25.  A method   a c c o r d i n g   to  c l a im   24  and  in  which  t o  
form  the  e x t r u d e d   c o m p o s i t e   b i l l e t ,   a  s l e e v e   of  each  o f  
the  componen t   m a t e r i a l s   is  p r e p a r e d   e i t h e r   from  a  
p i e r c e d   b i l l e t   or  s o l i d   ba r ,   the  two  s l e e v e s   a r e  
mach ined   to  c l o s e   t o l e r a n c e s   and  the  i n n e r   s l e e v e   o f  

h igh   t e n s i l e   s t e e l   f i t t e d   to  the  o u t e r   s l e e v e   o f  
s t a i n l e s s   s t e e l   to  form  a  c o m p o s i t e   b i l l e t ,   the  ends   o f  
the  s l e e v e s   a re   welded   to  p r e v e n t   c o n t a m i n a t i o n   and  t h e  
c o m p o s i t e   b i l l e t   is  h e a t e d   to  e x t r u s i o n   t e m p e r a t u r e ,   a n d  
l u b r i c a n t   is  a p p l i e d   to  the  b i l l e t   which  is  t h e n  
t r a n s f e r r e d   to  an  e x t r u s i o n   p r e s s .  
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