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  Steel  materials  for  use  with  concrete  that  is  prestressed 
by  posttensioning  are  disclosed.  In  accordance  with  one  em- 
bodiment  of  the  invention,  a  steel  member  is  sheathed  with  a 
heat-shrinkable  synthetic  resin  tube.  In  another  embodiment, 
the  steel  member  is  sheathed  with  a  foamed  synthetic  resin 
tube.  Both  embodiments  are  further  applicable  to  the  case  of  a 
stranded  steel  member,  in  which  case  it  is  preferred  that  the 
spiral  grooves  of  the  stranded  member  be  filled  with  a  resin  be- 
fore  sheathing  with  an  external  tube. 



BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   s t e e l   m a t e r i a l s  

f o r   use   w i t h   c o n c r e t e   t h a t   is   p r e s t r e s s e d   b y  

p o s t t e n s i o n i n g .  

C o n c r e t e   has   a  r e l a t i v e l y   low  t e n s i l e   s t r e n g t h .  

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

c o n c r e t e   has   b e e n   d e v e l o p e d .   By  m e a n s   of  h i g h   s t r e n g t h  

s t e e l   w i r e s ,   b a r s   or  s t r a n d s ,   a  c o n c r e t e   member   i s  

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

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

n o r m a l l y   be  in  t e n s i o n .  

T h e r e   a r e   two  g e n e r a l   m e t h o d s   of  p r e s t r e s s i n g ,  

n a m e l y ,   p r e t e n s i o n i n g   and  p o s t t e n s i o n i n g .   The  p r e s e n t  

i n v e n t i o n   r e l a t e s   to  s t e e l   m a t e r i a l s   f o r   u se   w i t h   c o n c r e t e  

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

S t r u c t u r a l   d e s i g n s   u s e d   to   p r e v e n t   d i r e c t  

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

p r e s t r e s s e d   c o n c r e t e   a r e   i l l u s t r a t e d   in  F i g s .   1  a n d   2 .  

The  d e s i g n   shown  in  F i g .   1  can   be  u s e d   w h e t h e r   t h e   s t e e l  

m a t e r i a l   i s   in  t he   fo rm  of  a  w i r e ,   ba r   or  s t r a n d .   A  s t e e l  

member  1  h a v i n g   a  g r e a s e   c o a t i n g   2  is   s h e a t h e d   w i t h   a  PE  

( p o l y e t h y l e n e )   t u b e   3.  When  t h e   s t e e l   member   1  w i t h   t h e  



PE  t u b e   3  is   p l a c e d   w i t h i n   a  c o n c r e t e   s e c t i o n   3,  t h e  

l u b r i c a t i n g   e f f e c t   of  t he   i n t e r m e d i a t e   g r e a s e   c o a t i n g   2 

r e d u c e s   t he   c o e f f i c i e n t   of  f r i c t i o n   b e t w e e n   t he   s t e e l  

member  and  c o n c r e t e   to  as  low  as  b e t w e e n   0 . 0 0 2   and  0 . 0 0 5  

m-1 .   B e c a u s e   of  t h i s   low  c o e f f i c i e n t   of  f r i c t i o n ,   t h e  

d e s i g n   in  F i g .   1  p r o v i d e s   g r e a t   e a s e   in  p o s t t e n s i o n i n g   a  

l o n g   s t e e l   c a b l e   in  c o n c r e t e .   H o w e v e r ,   i f   t h e   s t e e l  

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

g r e a s e   l e a k a g e   f rom  e i t h e r   end  of  t h e   PE  t u b e   p r e s e n t s  

g r e a t   d i f f i c u l t y   in  f a b r i c a t i n g   and  h a n d l i n g   t h e   s t e e l  

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

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

c o n t i n u o u s   f a s h i o n .  

The  s t e e l   member   1  shown  in  F i g .   2,  w h i c h   i s  

e n c a p s u l a t e d   in  a s p h a l t   5,  has   a  s l i g h t l y   g r e a t e r  

c o e f f i c i e n t   of  f r i c t i o n   t h a n   t h e   s t r u c t u r e   shown  in  F i g .  

1.  T h i s   d e s i g n   i s   e x t e n s i v e l y   u s e d   w i t h   r e l a t i v e l y   s h o r t  

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

l e a k - f r e e ,   and  p r o v i d e s   e a s e   in  u n b o n d i n g   t h e   s t e e l  

m a t e r i a l   f rom  t h e   c o n c r e t e ,   e v e n   i f   t h e   s t e e l   member   h a s  

s c r e w s   or  h e a d s   a t   end  p o r t i o n s .  

One  p r o b l e m   w i t h   t h e   d e s i g n   in  F i g .   2  i s   t h a t  

t h e   p r e s e n c e   of  t h e   a s p h a l t   ( o r ,   a l t e r n a t i v e l y ,   a  p a i n t )  

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



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

M o r e o v e r ,   t h e   f l o o r   may  be  f o u l e d   by  t h e   s p l a s h i n g   of  t h e  

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

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

d r y i n g   or  p o s i t i o n i n g   w i t h i n   a  f r a m e w o r k ,   and  s e p a r a t i o n  

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

is   t a k e n   in  e n s u r i n g   t h e   d e s i r e d   c o a t i n g   t h i c k n e s s .  

SUMMARY  OF  THE  INVENTION 

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

i n v e n t i o n   is   to  p r o v i d e   a  s t e e l   m a t e r i a l   f o r   use   w i t h  

p r e s t r e s s e d   c o n c r e t e   t h a t   is   f r e e   f rom  t h e   p r o b l e m s  

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

T h e s e   and  o t h e r   o b j e c t s   of   t he   p r e s e n t   i n v e n t i o n  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g s .   1  and  2  show  s c h e m a t i c a l l y   c o n v e n t i o n a l  

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

p o s t t e n s i o n i n g ;  

F i g .   3  i s   a  s c h e m a t i c   p r e s e n t a t i o n   of  a  s t e e l  

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

c o n c r e t e ;   a n d  

F i g .   4  shows   a  c r o s s   s e c t i o n   of  a  s t e e l   s t r a n d  



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

i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

H e r e i n a f t e r ,   t he   p r e s e n t   i n v e n t i o n   w i l l   b e  

d e s c r i b e d   in  d e t a i l   w i t h   r e f e r e n c e   to  F i g s .   3  and  4,  i n  

w h i c h   r e f e r e n c e   n u m e r a l   i n d i c a t e s   a  s t e e l   member   (1)  and  

r e f e r e n c e   n u m e r a l   6  (7)  a  h e a t - s h r i n k a b l e   s y n t h e t i c   r e s i n  

t u b e   ( f o a m e d   s y n t h e t i c   r e s i n   t u b e ) .  

E m b o d i m e n t   1  

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

i s   s h e a t h e d   w i t h   a  h e a t - s h r i n k a b l e   s y n t h e t i c   r e s i n   t u b e .  

The  s t e e l   m a t e r i a l   n eed   n o t   be  b o n d e d   to   t h e  

h e a t - s h r i n k a b l e   s y n t h e t i c   r e s i n   t u b e   w i t h   an  a d h e s i v e  

m a t e r i a l .   I f   i m p r o v e d   r u s t - p r e v e n t i n g   and  a n t i - c o r r o s i o n  

e f f e c t s   a r e   d e s i r e d ,   t h e   s t e e l   member   and  t h e   r e s i n   t u b e  

may  be  b o n d e d   by  an  a d h e s i v e   m a t e r i a l .   I f   t h e   s t e e l  

member  i s   a  b a r ,   a  h e a t - f u s i b l e   s y n t h e t i c   r e s i n   a d h e s i v e  

is   c o a t e d   or  p l a c e d   on  t h e   i n n e r   s u r f a c e   of  t h e   r e s i n   t u b e  

or  t h e   o u t e r   s u r f a c e   of  t h e   s t e e l   b a r ,   a n d ,   a f t e r   t h e  

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

to  c a u s e   t h e   r e s i n   t u b e   to   s h r i n k   as  t h e   r e s i n   a d h e s i v e  

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

t h e   r e s i n   t u b e .   I t   has   been   f o u n d   by  t h e   p r e s e n t  

i n v e n t o r s   t h a t   t h i s   m e t h o d   is   t he   s i m p l e s t   and  b e s t   way  t o  



e n s u r e   f i r m   b o n d i n g   b e t w e e n   t h e   s t e e l   ba r   and  t h e  

s y n t h e t i c   r e s i n   t u b e .  

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

a c c o r d i n g   to  t h e   t h i s   e m b o d i m e n t   i s   i l l u s t r a t e d   in  F i g .   3 ,  

w h e r e i n   r e f e r e n c e   n u m e r a l   1  r e f e r s   to   t h e   s t e e l   member   a n d  

6  r e p r e s e n t s   t h e   h e a t - s h r i n k a b l e   s y n t h e t i c   r e s i n   t u b e  

c o a t e d   on  t h e   s u r f a c e   of  t he   s t e e l   m e m b e r .   In  o n e  

p r e f e r r e d   e x a m p l e ,   t h e   s t e e l   member   1  i s   i n s e r t e d   i n t o   a  

p r e f a b r i c a t e d   h e a t - s h r i n k a b l e   s y n t h e t i c   r e s i n   t u b e ,   w h i c h  

i s   t h e n   h e a t e d   by  h o t   a i r ,   s t e a m   or  w i t h   an  IR  ( i n f r a r e d )  

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

t h e   s t e e l   m e m b e r .  

The  w a l l   t h i c k n e s s   of  t h e   h e a t - s h r i n k a b l e  

s y n t h e t i c   r e s i n   t u b e   m u s t   be  a t   l e a s t   300  m i c r o n s   in  o r d e r  

to  i s o l a t e   t h e   s t e e l   member  1  and  t h e   s u r r o u n d i n g   c o n c r e t e  

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

two  c o m p o n e n t s .   The  w a l l   t h i c k n e s s   to   of  t he   s y n t h e t i c  

r e s i n   t u b e   a f t e r   h e a t   s h r i n k i n g   can   be  a p p r o x i m a t e d   by  t h e  

f o l l o w i n g   e q u a t i o n :   , 

w h e r e   t :   w a l l   t h i c k n e s s   (mm)  a f t e r   h e a t   s h r i n k i n g  

Do:  o u t s i d e   d i a m e t e r   (mm)  of  s t e e l   b a r  

D1:  i n s i d e   d i a m e t e r   (mm)  of  t h e   t u b e   b e f o r e   h e a t  

s h r i n k i n g  

t l :   w a l l   t h i c k n e s s   (mm)  b e f o r e   h e a t   s h r i n k i n g .  



I f   a  s t e e l   bar   of  Do  =   17  mm  is   i n s e r t e d   i n t o   a  

r e s i n   t u b e   h a v i n g   an  i n s i d e   d i a m e t e r   of  20  mm  and  a  w a l l  

t h i c k n e s s   of  0 .3   mm  and  i f   t he   t u b e   i s   h e a t - s h r u n k   t o  

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

a r o u n d   the   s t e e l   ba r   w i l l   h ave   a  w a l l   t h i c k n e s s   as  l a r g e  

as  a b o u t   0 . 3 5   mm.  A  h e a t - s h r i n k a b l e   p o l y o l e f i n   t u b e   has   a  

h e a t   s h r i n k a g e   of  a b o u t   35%.  T h u s ,   t h e   i n s i d e   d i a m e t e r   o f  

t h e   t u b e   can   be  s e l e c t e d   f rom  t h e   r a n g e   of   1 . 1   to  1 . 5  

t i m e s   t h e   o u t s i d e   d i a m e t e r   of  t he   s t e e l   b a r .   T h i s   f a i r l y  

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

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

t u b e .   F u r t h e r m o r e ,   by  p r o p e r l y   s e l e c t i n g   t h e   i n s i d e  

d i a m e t e r   and  w a l l   t h i c k n e s s   of  t h e   h e a t - s h r i n k a b l e  

s y n t h e t i c   r e s i n   t u b e   to  be  u s e d   w i t h   a  s t e e l   bar   h a v i n g   a  

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

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

s h r i n k a g e .  

S a m p l e s   of   s t e e l   m a t e r i a l s   f o r   use   w i t h  

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

w i t h   a  h e a t - s h r i n k a b l e   s y n t h e t i c   r e s i n   t u b e   w e r e  

f a b r i c a t e d   and  s u b j e c t e d   to  v a r i o u s   t e s t s   to  d e t e r m i n e  

t h e i r   p r o p e r t i e s .   The  r e s u l t s   a r e   shown  in  T a b l e s   1  to   3 .  









E m b o d i m e n t   2 

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

is   s h e a t h e d   by  a  f o a m e d   s y n t h e t i c   r e s i n   t u b e   7  in  F i g .   3 .  

V a r i o u s   m e t h o d s   may  be  u s e d   to   c o v e r   t he   s t e e l   member   1 

w i t h   t h e   r e s i n   t u b e .   In  one  m e t h o d ,   a  s y n t h e t i c   r e s i n  

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

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

by  a  f l u i d i z e d   d i p   c o a t i n g   or  e l e c t r o s t a t i c   c o a t i n g  

t e c h n i q u e .   A l t e r n a t i v e l y ,   a  f i l m   of  s y n t h e t i c   r e s i n  

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

s t e e l   member   1,  w h i c h   i s   t h e n   p a s s e d   t h r o u g h   a  h e a t i n g  

c h a m b e r   to  e x p a n d   t h e   r e s i n   f i l m   i n t o   a  f oam.   I f   d e s i r e d ,  

a  p r e l i m i n a r i l y   f o r m e d   s y n t h e t i c   r e s i n   foam  t u b e   6  may  b e  

s l i p p e d   o v e r   t h e   s t e e l   member  1.  The  r e s i n   t u b e   6  may  o r  

may  to   be  b o n d e d '  t o   t h e   s t e e l   member   1 .  

In  o r d e r   to  i s o l a t e   t he   s t e e l   m a t e r i a l   1 

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

p o s t t e n s i o n i n g ,   t h e   f o a m e d   s y n t h e t i c   r e s i n   t u b e   6  m u s t  

h a v e   a  w a l l   t h i c k n e s s   of  a t   l e a s t   300  m i c r o n s .  

F u r t h e r m o r e ,   in  o r d e r   to   r e d u c e   t h e   f r i c t i o n a l   r e s i s t a n c e  

and  t h e r e f o r e   t h e   s l i p p a g e   b e t w e e n   t h e   s t e e l   member   1  a n d  

t h e   c o n c r e t e ,   t h e   r e s i n   t u b e   6  p r e f e r a b l y   has   a  w a l l  

t h i c k n e s s   of  a t   l e a s t   500  m i c r o n s .  

S t e e l   b a r s ,   one  e x a m p l e   of  a  s t e e l   m e m b e r  



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

f o a m e d   p o l y e t h y l e n e   t u b e .   The  t u b e   was  p r e p a r e d   f rom  a  

b l o w i n g   a g e n t   l o a d e d   p o l y e t h y l e n e   p o w d e r   t h a t   was  a p p l i e d  

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

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

in  T a b l e s   4  and  5 :  









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

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

w i r e s   as  shown  in  F i g .   4.  The  r e s u l t i n g   s t e e l   s t r a n d   h a s  

s p i r a l   g r o o v e s   as  i n d i c a t e d   by  A  and  B  in  F i g .   4.  N o t  

o n l y   do  t h e s e   g r o o v e s   r e n d e r   t he   p o s t t e n s i o n i n g   of  t h e  

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

r e s i s t a n c e   on  t he   s t r e s s e d   c o n c r e t e .   In  o r d e r   to   a v o i d  

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

f i l l i n g   w i t h   a  r e s i n   may  be  a c c o m p l i s h e d   by  e x t r u s i o n   o r  

o t h e r   s u i t a b l e   t e c h n i q u e s .   S u b s e q u e n t l y ,   t h e   t h u s - t r e a t e d  

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

t u b e   as  a b o v e .  

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

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

m a n u f a c t u r e d .   The  r e s u l t i n g   s t e e l   m a t e r i a l   is   e a s y   t o  

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



1.  A  s t e e l   m a t e r i a l   fo r   u se   w i t h   p r e s t r e s s e d  

c o n c r e t e ,   c o m p r i s i n g :   a  s t e e l   m e m b e r ,   and  a  f o a m e d  

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

2.  The  s t e e l   m a t e r i a l   of  c l a i m   1,  w h e r e i n   a  

w a l l   t h i c k n e s s   of  s a i d   t u b e   i s   a t   l e a s t   300  m i c r o n s .  

3.  The  s t e e l   m a t e r i a l   of  c l a i m   1,  w h e r e i n   a  

w a l l   t h i c k n e s s   a t   l e a s t   500  m i c r o n s .  

4.  The  s t e e l   m a t e r i a l   of  c l a i m   1,  w h e r e i n   s a i d  

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

5.  The  s t e e l   m a t e r i a l   of  c l a i m   1,  w h e r e i n   s a i d  

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

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

s a i d   s t e e l   member   p r e h e a t e d .  

6.  The  s t e e l   m a t e r i a l   of  c l a i m   1,  w h e r e i n   s a i d  

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

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

s a i d   s t e e l   member  and  t h e n   h e a t i n g   s a i d   s t e e l   member   t o  

e x p a n d   s a i d   r e s i n   i n t o   a  f o a m .  

7.  A  s t e e l   m a t e r i a l   f o r   u se   w i t h   p r e s t r e s s e d  

c o n c r e t e ,   c o m p r i s i n g :   a  s t e e l   s t r a n d   c o m p r i s i n g   a  

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

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

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



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

8.  A  s t e e l   m a t e r i a l   f o r   use   w i t h   p r e s t r e s s e d  

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

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

m e m b e r .  

9.  The  s t e e l   m a t e r i a l   of  c l a i m   1,  w h e r e i n   s a i d  

s y n t h e t i c   r e s i n   t u b e   i s   made  of  a  h e a t - s h r i n k a b l e   r e s i n .  

10.   The  s t e e l   m a t e r i a l   of  c l a i m   2,  w h e r e i n   a  

w a l l   t h i c k n e s s   of  s a i d   r e s i n   t u b e   is   a t   l e a s t   300  m i c r o n s .  

11.  The  s t e e l   m a t e r i a l   of  c l a i m   3,  w h e r e i n   s a i d  

r e s i n   m a t e r i a l   i s   a  p o l y o l e f i n .  

12.  The  s t e e l   m a t e r i a l   of   c l a i m   3,  w h e r e i n   s a i d  

r e s i n   is   a  h i g h - d e n s i t y   p o l y e t h y l e n e .  

13.  A  s t e e l   m a t e r i a l   f o r   use   w i t h   p r e s t r e s s e d  

c o n c r e t e ,   c o m p r i s i n g :   a  s t e e l   s t r a n d   c o m p r i s i n g   a  

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

s t r a n d   h a v i n g   s p i r a l   g r o o v e s ;   a  r e s i n   f i l l i n g   s a i d  

g r o o v e s ;   and  a  h e a t - s h r i n k a b l e   s y n t h e t i c   r e s i n   t u b e  

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

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

s t r a n d   and  s a i d   r e s i n   t u b e .  
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