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@  Prestressing  strand  for  concrete  structures  and  concrete  structures  containing  such  strand. 

  In  a  prestressing  strand  for  use  in  stressing  a  concrete 
structure,  having  a  central  core  wire  and  a  plurality  of  outer 
wires  extending  helically  around  the  core  wire  the  helical 
pitch  length  (S)  of  the  outer  wires  is  chosen  to  be  between  20 
and  150  times  the  maximum  diameter  of  the  strand.  This 
strand  is  found  to  give  more  accurate  stressing,  especially 
where  the  conduit  in  the  concrete  for  the  tensioned  wire  is 
curved. 



The  i n v e n t i o n   r e l a t e s   t o   p r e s t r e s s i n g   s t r a n d  

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

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

c o r e   w i r e .   Such   s t r a n d s   a r e   o f t e n   u s e d   as  r e i n f o r c i n g  

e l e m e n t s   in   p r e - s t r e s s e d   c o n c r e t e   s t r u c t u r e s ,   in   w h i c h  

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

c h a n n e l s   in   t h e   c o n c r e t e   s t r u c t u r e .  

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

of  s t e e l   or  a n o t h e r   m a t e r i a l ,   w h i c h   a r e   p r e - c a s t   i n t o  

t h e   c o n c r e t e   s t r u c t u r e .  

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

c o m p r i s e s   s i x   e q u a l l y   t h i c k   o u t e r   w i r e s   and  one  s i n g l e  

c o r e   w i r e   t h e   d i a m e t e r   of  w h i c h   i s   b e t w e e n   2  and  5 

p e r   c e n t   g r e a t e r   t h a n   t h a t   of  t h e   o u t e r   w i r e s .   T h i s  

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

c o n s t r u c t i o n   of  s t r a n d   w i t h   a  good  c o h e r e n c e   in   w h i c h  

t h e   o u t e r   w i r e s   f i t   a g a i n s t   t h e   c o r e   w i r e .   A l t h o u g h  

t h e   s t r a n d   f o r m   as  d e s c r i b e d   a b o v e   i s   t h e   one  m o s t  

u s e d   f o r   p r e s t r e s s i n g   s t r a n d s ,   t h e   i n v e n t i o n   i s   n o t  

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



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

t y p e   i n d i c a t e d   a t   t h e   o u t s e t .  

In  F i g s .   1  a n d   2  a  p r e s t r e s s i n g   s t r a n d   h a v i n g  

a  s i n g l e   c o r e   w i r e   and  s i x   o u t e r   w i r e s   i s   i l l u s t r a t e d  

in  l o n g i t u d i n a l   v i e w   and  in   c r o s s   s e c t i o n   r e s p e c t i v e l y .  

In  F i g .   1  a l s o   t h e r e   i s   i n d i c a t e d   t h e   p i t c h   of  t h e  

h e l i c e s   in   w h i c h   e a c h   of  t h e   o u t e r   w i r e s   l i e s .   F o r  

t h e   w h o l e   s t r a n d ,   t h i s   p i t c h   S  i s   r e f e r r e d   to   by  t h e  

e x p r e s s i o n   " s t r o k e   l e n g t h " .   In  F i g .   2  i t   i s   i n d i c a t e d  

t h a t   by  t h e   d i a m e t e r   of   t h e   s t r a n d   i s   u n d e r s t o o d   t h e  

g r e a t e s t   c r o s s - s e c t i o n a l   d i m e n s i o n   D.  I t   i s   u s u a l  

to   e x p r e s s   t h e   s t r o k e   l e n g t h   as  a  m u l t i p l e   of  t h e   d i a m e t e r .  

For   p r e s t r e s s i n g   s t r a n d s ,   t h e   s t r o k e   l e n g t h   S  m o s t l y  

v a r i e s   b e t w e e n   12  and  18  t i m e s   t h e   d i a m e t e r .   In  t h i s  
i n  

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

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

can  be  c h o s e n .   T h e s e   p r e s c r i b e d   l i m i t s   a r e   o f t e n   d e r i v e d  

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

use   of  h o i s t i n g   c a b l e s .   The  i n v e n t i o n   i s   b a s e d   o n  

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

h a v e   n o t   y e t   b e e n   c a r r i e d   o u t   in  o r d e r   to   f i n d   t h e  

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

In  t h e   t e n s i o n i n g   of  a  p r e s t r e s s i n g   s t r a n d ,  

u s e   i s   as  a  r u l e   made  of  t h e   e l o n g a t i o n   p r o p e r t i e s  

of  t h e   s t r a n d   u n d e r   t e n s i o n i n g   in  an  u n h i n d e r e d   s t r a i g h t  



c o n d i t i o n .   For   t h i s  i t   has   b e e n   f o u n d   t h a t   t h e   r a t i o  

b e t w e e n   t h e   mean  s t r e s s   o v e r   t h e   c r o s s   s e c t i o n   of  t h e  

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

m o d u l u s   of  t h e   w i r e   m a t e r i a l .   S m a l l   d e v i a t i o n s   c a n  

a p p e a r   in  d e p e n d e n c e   on  t h e   p r o d u c t i o n   m e t h o d   of  t h e  

s t r a n d   and  i t s   c o n s t r u c t i o n .  

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

in   c u r v e d   c h a n n e l s   t h r o u g h   c o n c r e t e   s t r u c t u r e s ,   t h e  

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

w a l l   i s   e n c o u n t e r e d .   C o n s e q u e n t l y ,   v a r i a t i o n s   a p p e a r  

b e t w e e n   t h e   t e n s i o n   f o r c e s   a t   t h e   s t r a n d   e n d s   a f t e r  

t h e   t e n s i o n i n g .   By  m e a n s   of  c a l c u l a t i o n s   i t   i s   p o s s i b l e  

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

of  t h e   s t r a n d   in   t h e   c u r v e d   c h a n n e l   and  t h e s e   t e n s i o n  

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

t o   o b t a i n   an  i m p r e s s i o n   a b o u t   t h e   b e h a v i o u r   of  t h e  

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

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

I t   has   now  b e e n   f o u n d   t h a t   as  a  c o n s e q u e n c e  

of  v a r i a t i o n s   w i t h i n   t h e   f r i c t i o n a l   p r o p e r t i e s   b e t w e e n  

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

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

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

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

t h e   p r e s t r e s s i n g   s t r a n d .   If   t h e   q u o t i e n t   of  t h e   m e a n  



s t r e s s   o v e r   t h e   s t r a n d   c r o s s   s e c t i o n   and  t h e   m e a s u r e d  

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

to   by  t h e   e x p r e s s i o n   " m o d u l u s   of  d e f o r m a t i o n " ,   t h e n  

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

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

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

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

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

v a r i a t i o n   i s   as  a  r u l e   s m a l l e r   t h a n   t h e   m o d u l u s   o f  

e l a s t i c i t y .   T h i s   i s   t h e   more   s e r i o u s ,   b e c a u s e   in   t h e  

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

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

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

w h e t h e r   t h e   c o n c r e t e   s t r u c t u r e   a r r i v e s   a t   t h e   d e s i r e d  

c o n d i t i o n   of  p r e s t r e s s .  

The  t e n s i o n   c o n d i t i o n   and  t h e   d e f o r m a t i o n  

c o n d i t i o n   of  a  p r e s t r e s s i n g   s t r a n d   in   a  c u r v e d   c o n f i g u r a t i o n ,  

in   w h i c h   t h e   s t r a n d   i s   s u b j e c t e d   to   t r a n s v e r s e   f o r c e s  

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

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

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

f o r   t h e   s t r a n d .  

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

y e t   b e e n   a c h i e v e d ,   t h o u g h   by  an  e m p i r i c a l   m e t h o d   t h e  

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



v a r i a t i o n s .   I t   i s   i n d i c a t e d   b e l o w   by  w h a t   m e t h o d   s t r a n d s  

w e r e   t e s t e d .  

I t   i s   t h u s   now  s u r p r i s i n g l y   f o u n d   t h a t   t h e  

m o d u l u s   of  d e f o r m a t i o n ,   in  t h e   use   of  p r e s t r e s s i n g  

s t r a n d   in   c u r v e d   c h a n n e l s ,   i s   v e r y   s e n s i t i v e   to   t h e  

s t r o k e   l e n g t h   of  t h e   s t r a n d .   More  p a r t i c u l a r l y ,   t h e  

i n v e n t i o n   c o n s i s t s   in  t h a t   a  c o n s i d e r a b l y   b e t t e r   c o n s i s t e n c y  

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

of  e l a s t i c i t y   i s   o b t a i n e d   when  t h e   s t r o k e   l e n g t h s   o f  

t h e   p r e s t r e s s i n g   s t r a n d   i s   c h o s e n   b e t w e e n   20  and  1 5 0  

t i m e s   t h e   g r e a t e s t   d i a m e t e r   of  t h e   c a b l e .   I t   i s   r e m a r k a b l e  

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

w h i c h   h i t h e r t o   h a v e   b e e n   u s e d   in  t h e   a r t .   I t   m u s t  

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

c o r e   w i r e   can   be  more   c o m p l e t e l y   t e n s i o n e d   o v e r   i t s  

w h o l e   l e n g t h   and  can   c o o p e r a t e   as  a  l o a d   b e a r i n g   e l e m e n t .  

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

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

t h e   c o r e   w i r e   and  t h e   o u t e r   w i r e s   i s   p r e v e n t e d ,   s i n c e  

t h i s   s l i p   has   a  r e s u l t   t h a t   t h e   c o r e   w i r e   i s   no  l o n g e r  

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

of  t e n s i o n   b e t w e e n   s t r a n d   and  t h e   wedge   a n c h o r s   i s  

p o s s i b l e   i s   g i v e n   by  t h e   e x p r e s s i o n   " g r i p   e f f i c i e n c y " .  

I t   has   b e e n   f o u n d   t h a t   b o t h   as  to   t h e   m o d u l u s   of  d e f o r m a t i o n  

and  as  to   t h e   g r i p   e f f i c i e n c y ,   s t r a n d s   w i t h i n   t h e   l i m i t s  



g i v e n   a b o v e   f o r   t h e   s t r o k e   l e n g t h   of  b e t w e e n   20  a n d  

150  D  a r e   c o n s i d e r a b l y   more   s a t i s f a c t o r y   t h a n   k n o w n  

r e i n f o r c i n g   s t r a n d s .   I t   ha s   b e e n   f o u n d ,   in   t h i s   c o n n e c t i o n ,  

t h a t   no  s l i p   o c c u r s   b e t w e e n   t h e   c o r e   w i r e   and  t h e   o u t e r  

w i r e s .  

I t   ha s   a l s o  b e e n   f o u n d   t h a t ,   in   t h e   l o a d i n g  

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

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

t h a n   t h a t   of  known  s t r a n d s .   T h i s   can  be  e x p l a i n e d  

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

s t r e s s e s   a t   t h e   l i n e   of  c o n t a c t   b e t w e e n   t h e   c o r e   w i r e  

and  t h e   o u t e r   w i r e s ,   w h i c h   c o u l d   r e s u l t   in   l o c a l   s t r e s s e s  

a b o v e   t h e   y i e l d   s t r e s s   of  t h e   m a t e r i a l .  

I f   t h e   p r e s t r e s s i n g   s t r a n d   i s   of  t h e   t y p e  
t h e r e   a r e  

d e s c r i b e d   a b o v e ,   in   w h i c h / s i x   e q u a l l y   t h i c k   o u t e r   w i r e s  

and  a  s i n g l e   c o r e   w i r e   w i t h   a  d i a m e t e r   2  to   5  p e r c e n t  

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

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

a  s t r o k e   l e n g t h   of  20  to   100  t i m e s   t h e   d i a m e t e r   o f  

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

of  b e t w e e n   22  and  50  t i m e s   t h e   c a b l e   d i a m e t e r .  

B e l o w ,   w i t h   r e f e r e n c e   to   F i g s .   3  to   6,  i t  

w i l l   be  f u r t h e r   i l l u s t r a t e d   how  t h e   i n f l u e n c e   of   t h e  

s t r o k e   l e n g t h   on  t h e   m o d u l u s   of  d e f o r m a t i o n   i s   d e t e r m i n e d .  

F i g .   3  shows   a  t e s t   a p p a r a t u s   in  p l a n   v i e w .  



F i g .   4  i s   a  f r o n t   v i e w   of  t h i s .  

F i g .   5  shows   some  m e a s u r e d   r e s u l t s   o b t a i n e d  

u s i n g   t h e   t e s t   a p p a r a t u s   of  F i g s .   3  and  4 .  

F i g .   6  f i n a l l y   shows   t e s t   r e s u l t s   o b t a i n e d  

w i t h   v a r i o u s   s i m i l a r   t e s t   a p p a r a t u s e s .  

In  F i g s .   3  and  4,  r e f e r e n c e   n u m e r a l   1  i n d i c a t e s  

a  c o n c r e t e   p l a t e   w i t h   a  t h i c k n e s s   of  22  cm.  T h r o u g h  

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

o v e r   an  a n g l e   of  5 . 0 7   r a d i a n s   i s   c u r v e d   w i t h   a  r a d i u s  

of  c u r v a t u r e   R  =  100  cm.  The  l e n g t h   of  t h e   c u r v e d  

c h a n n e l   p a r t   L2  i s   c o n s e q u e n t l y   507  cm.  A g a i n s t   t h e  

e n d s   of  t h e   c h a n n e l   a  s u p p o r t   beam  2  i s   l o c a t e d ,   w i t h a t  

t h e   l e f t   h a n d   s i d e   a  wedge   a n c h o r i n g   5  f o r   a  s t r a n d  

and  a t   t h e   r i g h t   h a n d   s i d e   a  s i m i l a r   wedge   a n c h o r i n g  

5  b e h i n d   a  h y d r a u l i c   p r e s s   4 .  

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

3,  t h e   s t r a n d   i s   s e c u r e d   by  t h e   wedge   a n c h o r s ,   w h e r e u p o n  

i t   i s   t e n s i o n e d   by  means   of  t h e   h y d r a u l i c   p r e s s   4 .  

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

Ll  of  a  l e n g t h   o f  1 7 5   cm,  a  c u r v e d   p i e c e   of  a  l e n g t h  

of  L2  of  507  cm  and  a n o t h e r   s t r a i g h t   p i e c e   of  l e n g t h  

L3  of  210  c m .  

The  t e s t s   w e r e   c a r r i e d   o u t   w i t h   t h e   m o s t  

common  p r e s t r e s s i n g   s t r a n d   of  t h i c k n e s s   D  of  0 .5   i n c h e s .  

F i r s t   t h e   s t r a n d   was  b r o u g h t   u n d e r   n o m i n a l   t e n s i o n ,  



i n   o r d e r   to   s t r e t c h   i t   s u f f i c i e n t l y ,   w h e r e u p o n   t h e  

t e n s i o n   f o r c e   was  i n c r e a s e d   up  to   a  v a l u e   n e a r   t h e  

u s u a l   f u l l   l o a d   v a l u e   u s e d   in   t e n s i o n   t e c h n o l o g y .  

D u r i n g   t h e   i n c r e a s e   of  t h e   t e n s i o n   f o r c e ,   t h e   e l o n g a t i o n  

and   t h e   t e n s i o n   f o r c e   in   t h e   s t r a n d   w e r e   m e a s u r e d   c o n t i n -  

u o u s l y .  

By  t h e   " e l e m e n t   m e t h o d "   t h e   s t r a n d   was  c o n s i d e r e d  

to   be  d i v i d e d   in   e l e m e n t s ,   and  f o r   e a c h   e l e m e n t   t h e  

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

a p p l i c a t i o n   of  a  f r i c t i o n a l   f o r c e   b e t w e e n   t h e   c h a n n e l  

w a l l   and   t h e   p r e s t r e s s i n g   s t r a n d .   By  m e a n s   of  s e p a r a t e  

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

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

t e n s i o n   f o r c e s   in   t h e   s t r a n d   w e r e   d e t e r m i n e d .   P e r  

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

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

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

in   t h e   s t r a n d ,   on  t h e   b a s i s   of  t h e   t o t a l   m e a s u r e d   e x t e n s i o n  

of  t h e   s t r a n d   b e t w e e n   t h e   a n c h o r s   5.  T h i s   v a l u e   w a s  

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

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

in   e a c h   t e s t   p e r f o r m e d .  

T h e r e a f t e r   t h e   t e s t   was  r e p e a t e d ,   w i t h   s t r a n d s  

of  v a r y i n g   s t r o k e   l e n g t h ,   b u t   o t h e r w i s e   of  t h e   s a m e  

d i m e n s i o n s .   In  e a c h   c a s e ,   in  a  c o r r e s p o n d i n g   m a n n e r ,  



a  v a l u e   f o r   t h e   m o d u l u s   of  d e f o r m a t i o n   was  d e t e r m i n e d .  

The  v a l u e s   t h u s   f o u n d   by  m e a s u r e m e n t   a n d  

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

o u t   in   F i g .   5.  In  t h i s   f i g u r e ,   t h e   s t r o k e   l e n g t h   5 

i s   s e t   o u t   on  t h e   h o r i z o n t a l   a x i s ,   e x p r e s s e d   i n  m m  

and  a l s o   as  a  m u l t i p l e   of  t h e   c a b l e   d i a m e t e r   D.  F o r  

t h i s   p u r p o s e ,   t h e   d i a m e t e r   D  was  m e a s u r e d   s e p a r a t e l y .  

A l o n g   t h e   v e r t i c a l   a x i s ,   t h e   m o d u l u s   o f  

d e f o r m a t i o n   i s   s e t   o u t ,   e x p r e s s e d   in  kN/mm2.  At  t h e  

t o p   of  t h e   f i g u r e   a  h o r i z o n t a l   l i n e   shows   t h e   l e v e l  

of  201  kN/mm2,   w h i c h   r e p r e s e n t s   t h e   v a l u e   of  t h e   m o d u l u s  

of  e l a s t i c i t y   E  of  t h e   w i r e   m a t e r i a l   u s e d .   The  t e s t s  

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

r e s p e c t i v e l y   210,   290,   470  and  550  mm.  The  m e a s u r e d  

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

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

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

of  t h e   s t r o k e   l e n g t h .  

The  h a t c h e d   a r e a   shows   t h e   a r e a   in  w h i c h  

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

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

g r e a t e r   t h a n   f o r   t h e   known  s t r o k e   l e n g t h s .  

The  t e s t s   were   r e p e a t e d   w i t h   t e s t   a p p a r a t u s e s  

w i t h   v a r i o u s   r a d i i   of  c u r v a t u r e   g r e a t e r   t h a n   1  m. 

T h e s e   r a d i i   of  c u r v a t u r e   a r e   shown  a l o n g   t h e   h o r i z o n t a l  



a x i s   in   F i g .   6 .  

A l o n g   t h e   v e r t i c a l   a x i s   a r e   shown  t h e   v a l u e s  

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

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

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

I t   w i l l   be  c l e a r   t h a t ,   f o r   an  i n f i n i t e   v a l u e   R,  t h e  

q u a n t i t y   K  w o u l d   be  a p p r o x i m a t e l y   e q u a l   to   1 . 0 .  

For   s t r a n d s   w i t h   s t r o k e   l e n g t h s   v a r y i n g   b e t w e e n  

S  =  150  mm  and  S  =  500  mm,  v a l u e s   of  K  w e r e   d e t e r m i n e d  

f o r   v a r i o u s   r a d i i   of  c u r v a t u r e   R  ( a l l   f o r   s t r a n d s   w i t h  

a  d i a m e t e r   of  0 .5   i n c h e s ) .  

I t   i s   c l e a r   f rom  t h i s   f i g u r e   t h a t   t h e   f a c t o r  

K  (and   t h u s   a l s o   t h e   m o d u l u s   of  d e f o r m a t i o n ) ,   f o r   s t r a n d s  

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

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

i n c r e a s e s .   A l s o ,   i t   i s   c l e a r   f rom  t h i s   f i g u r e   t h a t  

t h i s   r e l a t i o n s h i p   to   t h e   c u r v a t u r e   i s   much  l e s s   s e n s i t i v e  

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

s t r o k e   l e n g t h   of  400  to   500  mm  (32  to   40  D),   t h e   f a c t o r  

K  i s   h a r d l y   i n f l u e n c e d   by  t h e   s h a p e   of  t h e   c h a n n e l ,  

w h i c h   means   t h a t   when  t h e   s t r a n d   i s   t e n s i o n e d   t h e   e l o n g a t i o n  

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

t e n s i o n   w h i c h   can   be  e x p e c t e d   in  t h e   c o n c r e t e   s t r u c t u r e .  

From  t h i s   f i g u r e ,   t h e r e   i s   n o t   to   be  s e e n  

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



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

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

t h e   w i r e s   b e g i n s   to   i n c r e a s e ,   so  t h a t   t h e   r e l i a b i l i t y  

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

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

In  a l l   c a s e s   i t   has   b e e n   f o u n d   t h a t   an  i n c r e a s e  

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

t h e   c o n n e c t i o n   of  t h e   s t r a n d   w i t h   t h e   wedge   a n c h o r s .  



1.  P r e s t r e s s i n g   s t r a n d   f o r   c o n c r e t e   s t r u c t u r e ,  

c o m p r i s i n g   a t   l e a s t   one   c e n t r a l   c o r e   w i r e   and  o u t e r  

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

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

s t r a n d   i s   s e l e c t e d   a t   b e t w e e n   20  and  150  x  t h e   g r e a t e s t  

d i a m e t e r   of  t h e   s t r a n d .  

2.  P r e s t r e s s i n g   s t r a n d   a c c o r d i n g   to   c l a i m   1 ,  

of  t h e   t y p e   c o m p r i s i n g   s i x   e q u a l l y   t h i c k   o u t e r   w i r e s  

and  a  s i n g l e   c o r e   w i r e   w i t h   a  d i a m e t e r   w h i c h   i s   2  t o  

5%  g r e a t e r   t h a n   t h a t   of  t h e   o u t e r   w i r e s   c h a r a c t e r i s e d  

in  t h a t   t h e   s t r o k e   l e n g t h   i s   b e t w e e n   20  and  100  x  t h e  

d i a m e t e r   of  t h e   s t r a n d .  

3.  P r e s t r e s s i n g   s t r a n d   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   h e l i c a l   l e n g t h   i s   22  t o  

50  x  t h e   d i a m e t e r :  












	bibliography
	description
	claims
	drawings
	search report

