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A  device  and  process  for  anchoring  between  metal  strands  and  general  structures  by  means  of  epoxy  resins. 
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Device  and  process  for  anchoring  tensioning  elements 
(13),  such  as  strands,  bundles  of  metal  strands  or  cables 
with  metal  or  concrete  structures  (11),  comprising  one  or 
more  tensioning  elements  (13),  a  plate  (25,  45)  for  load 
distribution,  the  plate  being  perforated  for  the  passage  of 
said  tensioning  elements  (13),  and  clamping  means  (26) 
for  each  of  the  tensioning  elements  (13),  according  to 
which  there  are  further  provided:  a  box  (20,  40)  for  receiv- 
ing  all  said  tensioning  elements  (13)  so  as  not  to  contact 
the  box  walls,  the  box  being  provided  with  opposite  open- 
ings  of  a  sufficient  size  to  allow  the  passage  of  said  ten- 
sioning  elements  (13);  a  plurality  of  tubes  (21)  of  sufficient 
inner  size  to  accomodate  with  clearance  each  of  the  ten- 
sioning  elements  (13);  a  packing  of  epoxy  resins  (30)  in 
said  tubes  (21)  and  said  box  (20,  40)  about  said  tension- 
ing  elements  (13).  Provision  is  also  made  for  possible 
adjustment  of  the  strains  by  means  of  ring  nut  (43),  as 
well  as  interchangeability  of  the  tensioning  elements. 



This  a p p l i c a t i o n   r e l a t e s   to  anchor ing   systems  for  t e n s i o n i n g  

e l e m e n t s ,   such  as  s t r a n d s ,   bundles   of  metal  s t r a n d s   or  c a b l e s  

with  metal  conc re t e   s t r u c t u r e s   or  the  l i k e ,   as  in  works  o f  

c i v i l   e n g i n e e r i n g ,   fo r   example  p recompressed   r e i n f o r c e d  

c o n c r e t e   s t r u c t u r e s ,   s t r u c t u r e   anchor ing   s t a y i n g s ,  

w i n d b r a c i n g s ,  e t c .  

The  p r i o r   a r t   anchor ing   systems  between  t e n s i o n i n g   e l e m e n t s  

a n d  c o n c r e t e   s t r u c t u r e s   are  in  most  cases  f r i c t i o n   s y s t e m s ;  

a  f i r s t   type  of  a n c h o r i n g  s y s t e m   uses  metal  wedges  b l o c k i n g  

any  s l i p p i n g   between  one  or  more  s t r a n d s   and  an  a n c h o r i n g  

p l a t e ;   in  a  second  system  metal  r ings  are  forced   about  t h e  



s t r a n d   head  (in  case  with  the  i n t e r p o s i t i o n   of  e lements   such  

as  s p r i n g s ,   c o i l s ,   e t c . )   so  t h a t   such  a  r ing  and  s t r and   w i l l  

" se i ze"   and  no  more  r e l a t i v e   s l i p p i n g s   will   occur  a f t e r  

f o r c i n g .  

These  systems  are  widely  app l i ed   to  anchor ing   heads  of  s t r a n d s  

as  used  in  s l i d i n g   wire  p recompress ion   cables   in  p r e c o m p r e s s e d  

r e i n f o r c e d   concre te   works  of  c iv i l   e n g i n e e r i n g .   In  t h e s e  

a p p l i c a t i o n s   the  t e n s i o n   in  the  s t r a n d   (and  a c c o r d i n g l y   in  t h e  

anchorage)   undergoes  very  moderate  changes ,   a f t e r   the  s t r a n d   ha s  

been  i n i t i a l l y   put  under  t ens ion   and  cement  mortar   (or  t h e  

l i k e )   has  been  i n j e c t e d   into  the  sheath   s e p a r a t i n g   the  s t r a n d  

from  the  conc re t e   s t r u c t u r e   t h roughou t   i t s   length   between  t h e  

two  heads.   However,  in  some  p a r t i c u l a r   a p p l i c a t i o n s   of  c i v i l  

e n g i n e e r i n g   th i s   s t r a i n   or  s t r e s s   c o n d i t i o n   of  the  a n c h o r a g e  

is  c o n s i d e r a b l y   d i f f e r e n t :   the  i n i t i a l   t en s ion   of  the  s t r a n d   i s  

r e l a t i v e l y   modera te ,   while   the  s t r a n d   and  anchorage  are  s u b j e c t -  

ed  to  remarkable   changes  in  s t r a i n ,   a f t e r   the  s t r a n d - c o n c r e t e  

clamping  has  been  c a r r i e d   out  by  one  of  the  above  d e s c r i b e d  

f r i c t i o n   sys tems.   Examples  of  these   a p p l i c a t i o n s   are :   s t a y s  

of  br idge  g i r d e r s ,   t e n s i o s t r u c t u r e s ,   metal  wire  b r ac ings   f o r  

towers ,   antennas  or  the  l ike   with  ground  anchored  s t a y i n g s .  

In  all  of  these  a p p l i c a t i o n s ,   the  above  de f ined   t e n s i o n i n g  

e l emen t ,   for  b r e v i t y   h e r e i n a f t e r   merely  r e f e r r e d   to  as  " s t r a n d " ,  

is  f r e e ,   tha t   is  not  adher ing   to  the  conc re t e   (or  o t h e r  

s t r u c t u r e s )   along  the  development  t h e r e o f .   The  changes  in  t e n s i o n  

t h e r e i n   caused  by  changes  in  loads  (wind,  casual   v a r i a b l e  



f a c t o r s )   are  t r a s m i t t e d   as  such  to  the  anchorage .   U n a v o i d a b l y ,  

t he re   is  a  l o c a t i o n   close  to  the  anchorage  where  the  change  i n  

s t r a i n   is  the  same  as  t h a t   of  the  f r e e  s t r a n d ,   and  a  f u r t h e r  

l o c a t i o n   very  close  to  sa id   f i r s t   mentioned  l o c a t i o n ,   but  a t  

the  anchorage  a rea ,   where  the  changes  in  s t r a i n   are  much  more 

complex,  due  to  the  s imu l t aneous   p r o v i s i o n   of  high  s t r a i n s  

o r thogona l   to  the  s t r a n d   ax i s ,   shea r ing   s t r e s s e s ,   and  s t r a i n  

c o n c e n t r a t i o n s   at  the  c o n t a c t   l o c a t i o n s   between  s t r and   and 

a n c h o r a g e .  

T h e r e f o r e ,   at  t h i s   area  the  f a t i g u e   phenomena,  more  than  t h o s e  

of  high  load  s t r e n g t h ,   are  the  phenomena  l ead ing   to  s t r a n d  

f a i l u r e   or  b r eakage ,   as  well  known  in  o rd ina ry   c o n s t r u c t i o n  

p r a c t i c e   and  as  suppor ted   by  expe r imen ta l   r e s e a r c h e s .   In  t h e  

known  t e c h n i q u e ,   th is   would  lead  to  o v e r s i z e   the  s t r a n d  

s e c t i o n s   in  the  a p p l i c a t i o n s   above  r e f e r r e d   to:  not  f o r  

s t r e n g t h   purpose  to  e x t r e m e  l o a d s ,   but  in  order   to  a t t e m p t  

to  reduce  the  changes  in  s t r a i n   at  the  anchorage  a r e a s ,   t h e  

magnitude  of  which  h ighly   a f f e c t s   the  number  of  load  c y c l e s  

l ead ing   to  s t r a n d   f a i l u r e   or  b r e a k a g e .  

T h e r e f o r e ,   i t   is  the  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

s t r a n d   anchor ing   sys tems,   o the r   than  those  used  in  s t a n d a r d  

precompressed   r e i n f o r c e d   concre te   works,   having  the  f o l l o w i n g  

q u a l i f i c a t i o n s :  

(a)  from  a  mechanical  s t a n d p o i n t ,   an  anchorage  d i s t r i b u t e d  

along  a  r a t h e r   l a r g e  e x t e n s i o n   of  the  s t r a n d ,   so  tha t   s t r a i n  

c o n c e n t r a t i o n s   are  avoided  and  f a t i g u e   phenomena  a r e  



reduced,   while  using  a  reduced  amount  of  epoxy  r e s i n ;  

(b)  from  an  economical  s t a n d p o i n t ,   easy  i n s t a l l a t i o n   w i t h  

o p e r a t i o n s   of  the  same  type  as  those  c a r r i e d   out  f o r  

anchorages   of  s t a n d a r d   precompressed   r e i n f o r c e d   c o n c r e t e  

( s t r a n d   p r e s t r e s s i n g ,   c lamping,   i n j e c t i o n ) ;  

(c)  p o s s i b l y   removable ,   t h a t   is  the  whole  anchorage  can  be  

r e a d i l y   s e p a r a t e d   from  the  main  s t r u c t u r e ,   even  s e v e r a l  

years   a f t e r   the  c o n s t r u c t i o n ,   and  a c c o r d i n g l y   r e p l a c e d  

with  a  new  anchorage ;   and 

(d)  p r e f e r a b l y   a j u s t a b l e ,   tha t   is  the  c a p a b i l i t y   of  v a r y i n g  

the  mutual  d i s t a n c e   or  spacing  between  the  a n c h o r i n g  

p la te   and  main  s t r u c t u r e ,   a f t e r   i n s t a l l a t i o n   of  t h e  

anchorage ,   for  f o l lowing   c o n s t r u c t i v e   r e q u i r e m e n t s .  

The  q u a l i f i c a t i o n s   accord ing   to  (a)  and  (b)  have  been  a c h i e v e d  

by  an  anchor ing   device  c o m p r i s i n g :  

(1)  a  load  d i s t r i b u t i n g   p l a t e   bea r ing   on  the  main  s t r u c t u r e  

of  r e i n f o r c e d   conc re t e   (or  metal)   and  d i s t r i b u t i n g   t h e  

c o n c e n t r a t e d   loads  from  the  anchorage  of  the  i n d i v i d u a l  

s t r a n d s ;  

(2)  a  box  accomodat ing  al l   of  sa id   s t r a n d s .   This  box  is  o f  

varying  s ize   depending  on  the  number  of  s t r a n d s ,   but  i n  

any  case  should  be  of  a  shape  not  a l lowing   r e l a t i v e  

s l i p p i n g s   between  sa id   box  and  c o n c r e t e .   This  is  a c h i e v e d  

by  p r e f e r a b l y   shaping  the  box  in  a  f r u s t o - c o n i c a l   o r  

t r u n c a t e d   pyramid  shape,   and/or   c o r r u g a t i n g   the  s u r f a c e  

t h e r e o f .   This  box  is  the  l o c a t i o n   where  m ino r  a r e   t h e  

t r a n s v e r s e   dimensions  of  the  anchorage .   T h e r e f o r e ,   i t   i s  



a d v i s a b l e   to  provide  for  the  a d j u s t i n g   dev ice ,   where  

r e q u i r e d ,   at  sa id   box.  This  is  achieved  by  p rov id ing   a 

screw  th read   about  the  box  f i l l e d   up  with  r e s i n s ,   which 

screw  thread   has  app l i ed   t h e r e t o   a  ring  nut  t r a n s f e r r i n g  

the  loads  to  the  main  s t r u c t u r e ;  

(3)  a  system  o f  t u b e s   ex tend ing   between  sa id   p la te   r e f e r r e d  

to  at  (1)  and  sa id   box  r e f e r r r e d   to  at  (2) ,   which  t u b e s  

may or  not  may  be  of  me ta l ,   i n t e r n a l l y   and  e x t e r n a l l y  

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

inner   wall  of  the  tubes  there   may  be  a  film  of  T e f l o n  

or  s i m i l a r   a n t i f r i c t i o n   m a t e r i a l ;   thus ,   the  s t r a n d  

should  be  al lowed  to  s l i d e   in  the  s e c t i o n s   of  l a r g e r  

c u r v a t u r e   of  the  tube  and  towards  the  box.  According  t o  

a  f i r s t   embodiment,  these  tubes  and  box  may  be  embedded 

in  the  conc re te   c a s t i n g   c o n s t i t u t i n g   the  main  s t r u c t u r e  

to  which  the  s t r a n d   system  is  t o  be   anchored.   This  f r i s t  

embodiment  is  s u i t a b l e   only  for  f ixed   anchorages .   In  o r d e r  

to  provide  an  a d j u s t a b l e   type  of  anchorage ,   the  t u b e s  

are  made  i n t e g r a l   by  means  of  r e s ins   with  a  b l o c k ,  

p r e f e r a b l y   made  of  c o n c r e t e ,   f u l l y   independent   of  t h e  

main  s t r u c t u r e ,   and  a c c o r d i n g l y   forming  a  k i n e m a t i c a l l y  

u n i t a r y   piece  or  body  with  the  anchor ing   p la te   and  b o x .  

In  o rder   to  reduce  the  s ize   of  th i s   b lock ,   use  is  p r e f e r a b l y  

made  of  very  high  s t r e n g t h   c o n c r e t e ,   tha t   is  having  a 

compress ive   b reak ing   s t r e s s   h igher   than  1,000  k g / s q . c m . ;  

(4)  a  conven t iona l   clamping  system  between  the  s t r ands   and 

p l a t e   for  load  d i s t r i b u t i o n ;   i t   may  comprise  s t a n d a r d  

metal  r ing  cones  and/or   r ing  systems  se ized   to  the  s t r a n d ;  

.   and 



(5)  an  i n j e c t i o n   of  epoxy  res in   f u l l y   f i l l i n g   up  the  spaces  o r  

gaps  between  each  s t r and   and  inner   walls   of  the  tubes ,   and 

also  comple te ly   f i l l i n g   up  said  box  r e f e r r e d   to  at  ( 2 ) .  

It  is  also  an  o b j e c t   of  the  p r e sen t   a p p l i c a t i o n   a  process  f o r  

the  i n s t a l l a t i o n   of  anchorages   between  a  s t r and   or  bundle  o f  

s t r ands   and  a  r e i n f o r c e d   concre te   s t r u c t u r e ,   the  p r o c e s s  

compr is ing   the  f o l l owing   s t e p s :  

(I)  P reas sembl ing   of  the  fo l lowing   e lements   or  p a r t s :   l o a d  

d i s t r i b u t i n g   p l a t e ,   box  and  tubes  ex tend ing   between  s a i d  

p la t e   and  box.  In  one  case  ( f ixed   anchorage)   these  t u b e s  

will  then  be  enclosed  or  sur rounded  by  the  conc re te   o f  

the  main  s t r u c t u r e .   In  ano ther   case  ( a d j u s t a b l e   a n c h o r a g e )  

the  tubes  are  i n t e g r a l   with  a  b lock,   p r e f e r a b l y   made  o f  

high  s t r e n g t h   p r e f a b b r i c a t e d   c o n c r e t e ,   which  is  i n s t a l l e d  

t o g e t h e r   with  sa id   p l a t e   and  box.  

( I I )   Concrete  c a s t i n g   of  the  main  s t r u c t u r e   and  cur ing   t h e r e o f .  

( I I I )   P o s s i b l e   t h r e a d i n g   of  the  s t r ands   ( i f   not  c a r r i e d   out  a t  

the  f i r s t   s tep)   and  p r e t e n s i o n i n g   t h e r e o f   at  the  l e v e l  

r equ i r ed   by  the  s t r u c t u r a l   p r o b l e m .  

(IV)  I n j e c t i o n   of  epoxy  res in   in  the  tubes  and  metal  box .  

(V)  Subsequent   a d j u s t m e n t ,   if   d e s i r e d ,   (even  a f t e r   years )   o f  

the  length   and  t ens ion   of  the  s t r and   assembly,   by  t h e  

fo l lowing   o p e r a t i o n s :  

-  a p p l i c a t i o n   of  a  jack  to  the  whole  i n s t a l l a t i o n   a s s e m b l y  

( p l a t e ,   p r e f a b r i c a t e d   b lock ,   tubes  and  box  i n j e c t e d   w i t h  

r e s i n s )   s l i g h t l y   s e p a r a t i n g   said  block  from  the  main 

s t r u c t u r e ;   and 



-  s c r e w i n g   of  the  r ing  nut  to  the  de s i r ed   new  p o s i t i o n ,  

pos s ib ly   with  the  i n t e r p o s i t i o n   of  metal  s p a c e r s .  

(VI)  Poss ib l e   r ep lacement   of  the  t e n s i o n i n g   e lement :   w i t h o u t  

breaking   the  main  s t r u c t u r e ,   p a r t i c u l a r l y   of  c o n c r e t e ,  

the  t e n s i o n i n g   elements   are  cut ,   so  tha t   the  e n t i r e  

i n s t a l l a t i o n   assembly  compr i s ing   the  load  d i s t r i b u t i n g  

p l a t e ,   tubes  and  box  can  be  removed  and  r ep l aced   w i t h  

a  new  a s s e m b l y .  

With  an  assembly  a n d  a n c h o r i n g   process   accord ing   to  t h e  

p r e sen t   a p p l i c a t i o n ,   anchorages   are  provided  between  s t r a n d s  

and  s t r u c t u r e s ,   in  which  an  improved  load  cond i t ion   is  o b t a i n e d  

in  the  s t r a n d   ( avo id ing   s t r a i n   c o n c e n t r a t i o n s   and  reducing  t h e  

f a t i g u e   phenomena);  the  s t r e n g t h   c h a r a c t e r i s t i c s   of  t h e  

m a t e r i a l s   are  b e t t e r   taken  advantage  of  with  r e s p e c t   to  t h e  

anchorages   of  the  p r i o r   a r t ;   and  a c c o r d i n g l y   the  t o t a l  

c a r r y i n g   s e c t i o n   of  the  s t r a n d s   can  be  reduced  for  a  same 

s t r e s s ;   moreover ,   the  process   can  be  e a s i l y   c a r r i e d   out  and 

does  not  r e q u i r e s   any  p a r t i c u l a r   s k i l l .  

The  d e s c r i p t i o n   is  given  h e r e i n a f t e r   for  some  embodiments  o f  

the  anchorages   accord ing   to  the  p r i o r   a r t   and  at  p resen t   u s e d ,  

and  f u r t h e r   embodiments  of  anchorages   accord ing   to  the  p r e s e n t  

a p p l i c a t i o n ,   with  r e f e r e n c e   to  the  f i g u r e s   of  the  accompaanying  

drawings ,   in  w h i c h :  

Figs.  1  and  2  r e s p e c t i v e l y   show  t yp i ca l   conven t iona l   a n c h o r a g e s  

between  a  s t r a n d   head  and a   conc re t e   s t r u c t u r e ,   wherein  t h e  

l a t t e r   is  shown  in  a  s e c t i o n a l   v i ew;  



Fig.  3  is  a  view  s c h e m a t i c a l l y   showing  a  s tay   a n c h o r a g e ;  

Fig.  4  is  a  s e c t i o n a l   view  showing  a  novel  anchorage  be tween  

a  bundle  of  s t r ands   and  a  concre te   s t r u c t u r e   a c c o r d i n g  

to  the  p r e sen t   a p p l i c a t i o n ;  

Fig.  5  is  an  en l a rged   broken  away  axial   s e c t i o n a l   view  showing 

a  d e t a i l   of  a  tube  of  the  anchor ing   assembly  a c c o r d i n g  

to  the  p r e s e n t   i n v e n t i o n ;   and 

Fig.  6  is  a  s e c t i o n a l   view  showing  a  d i f f e r e n t   embodiment 

which  is  of  both  a d j u s t a b l e   and  removable  t y p e .  

Fig.  1  shows  a  c o n c r e t e   s t r u c t u r e   1  having  a  sheath  2  for  t h e  

passage  of  s t r a n d   3  t h e r e t h r o u g h .   The  l a t t e r   is  accomodated  

with  c l e a r a n c e   wi th in   said  sheath  2  and  anchored  to  s a i d  

s t r u c t u r e   1  by  a  load  d i s t r i b u t i n g   p l a t e   4  shaped  with  a 

counte rsunk   or  f l a r e d   hole  5.  Three  or  more  wedge  elements   6 

are  a r ranged   about  the  head  3'  of  sa id   s t r and   3  hand  have  t h e  

s u r f a c e s   f ac ing   sa id   s t r a n d   s u i t a b l e   not  to  s l i d e   t h e r e o n .  

When  the  s t r a n d   has  app l i ed   t h e r e t o   an  axial   force  o u t l i n e  

by  the  arrow  shown  in  Fig.  1,  said  wedge  elements  6  move  n e a r  

one  ano the r   by  c o n t a c t   with  the  walls  of  hole  5  and  clamp 

-said   s t r a n d   3  t h e r e b e t w e e n .  

In  the  example  shown  in  Fig.  2,  r e f e r e n c e   numeral  1  s t i l l  

d e s i g n a t e s   the  concre te   s t r u c t u r e   and  r e f e r e n c e   numeral  3 

d e s i g n a t e s   the  s t r and   as  f r e e l y   accomodated  wi th in   s a i d  

sheath  2 .  

.The  load  d i s t r i b u t i n g  p l a t e   4  has  a  hole  5'  for  the  passage  o f  



the  s t r a n d   head  3 '   and  about  sa id   s t r a n d   head  a  metal  ring  7 

is  fo rced   with  the  i n t e r p o s i t i o n   of  a  sp r ing   8  between  s a i d  

ring  and  s t r a n d .  

With  r e f e r e n c e   to  Fig.  3  (in  which  the  same  r e f e r e n c e   numera l s  

of  Fig.  2  have  been  used)  an  e x p l a n a t i o n   will   now  be  given  as  

to  the  d i s a d v a n t a g e s   which  may  a r i s e   with  such  types  of  t h e  

above  anchorages   when  used  in  s t r u c t u r e s ,   such  as  s t a y i n g s ,  

t e n s i o s t r u c t u r e s ,   b r a c e s ,   e t c . ,   in  which  the  s t r and   and 

anchorage  are  s u b j e c t e d   to  c o n s i d e r a b l e   change  in  s t r a i n .  

The  s t r and   (or  in  o ther   cases  the  bundle  of  s t r a n d s )   i s / a r e  

f r e e ,   tha t   is  to  say  not  adheren t   to  the  concre te   in  i t s  

l e n g t h .   When  c o n s i d e r i n g   a  po in t   or  l o c a t i o n   A  in  the  s t r a n d  

(Fig.   3)  very  c lose   to  the  anchorage ,   the  change  in  s t r a i n  

at  A  is  equal  to  the  change  in  s t r a i n   in  the  free  s t r a n d .  

At  a  point   or  l o c a t i o n   B  very  close  to  A,  but  in  the  a n c h o r a g e  

a rea ,   the  changes  in  s t r a i n   are  very  complex,  as  above 

ment ioned,   due  to  the  s imul t aneous   presence   of  high  s t r a i n s  

o r thogona l   to  the  s t r and   ax i s ,   s h e a r i n g   s t r e s s e s   and  s t r a i n  

c o n c e n t r a t i o n s   at  the  con t ac t   l o c a t i o n   between  said  s t r a n d  

and  a n c h o r a g e .  

A  f i r s t   embodiment  of  an  anchorage  accord ing   to  the  p r e s e n t  

i n v e n t i o n   is  shown  in  Figs.   4  and  5.  In  a  concre te   s t r u c t u r e   11 ,  

in  which  an  only  exemplary  r e i n f o r c e m e n t   111  is  shown,  a  sheat   12 

f r e e l y   r ece ives   a  bundle  of  s t r a n d s  s h o w n   by  broken  l i n e  a n d  

ca r ry ing   the  r e f e r e n c e   numeral  13.  



Adjacent   the  anchor ing   end  or  head  for  sa id   s t r ands   13,  t h e  

concre te   s t r u c t u r e   i n c o r p o r a t e s   a  b o x - l i k e   e l ement ,   d e s i g n a t e d  

as  a  whole  at  20,  which  has  open  or  p e r f o r a t e d   oppos i t e   b a s e s  

and  is  of  s u f f i c i e n t   inner   s ize   for  the  passage  of  said  s t r a n d s  

13  w i thou t   any  c o n t a c t   with  the  w a l l s ,   and  f u r t h e r   has  an  o u t e r  

c o n f i g u r a t i o n   for  p r e v e n t i n g   the  box  from  s l i d i n g   r e l a t i v e   t o  

the  conc re t e .   In  the  f i g u r e   of  the  drawing,   sa id   box  20  h a s  

a  s u b s t a n t i a l l y   f r u s t o c o n i c a l   or  t r u n c a t e d   pyramid  s h a p e ;  

o ther   boxes  could  be  c y l i n d r i c a l ,   but  have  a  c o r r u g a t e d   s u r f a c e .  

In  th is   embodiment,  sa id   box  20  is  g e n e r a l l y   made  of  me ta l  

s h e e t .  

The  conc re t e   s t r u c t u r e   f u r t h e r   i n c o r p o r a t e s   a  bundle  of  t u b e -  

l ike  e lements   21,  g e n e r a l l y   but  not  n e c e s s a r i l y   one  for  each  

s t r a n d ,   a r ranged   between  sa id   box  20  and  the  conc re t e   s u r f a c e  

22.  Each  of  sa id   tubes  21  have  an  inner   d iamete r   s l i g h t l y   l a r g e r  

than  the  d iameter   of  s t r a n d   13  and  have  a  c o r r u g a t e d   s u r f a c e ,  

as  bes t   shown  in  Fig.  5,  such  a  c o r r u g a t i o n   of  the  s u r f a c e  

being  at  the  ou t s ide   in  order   to  promote  adherence  to  t h e  

concre te   and  at  the  ins ide   in  order   to  promote  adherence  t o  

a  packing  wi th  epoxy   r e s i n s ,   as  h e r e i n a f t e r   e x p l a i n e d .  

The  novel  anchorage  also  comprises  a  load  d i s t r i b u t i n g   p l a t e   25 ,  

c o n v e n t i o n a l l y   p e r f o r a t e d   to  r ece ive   the  ends  of  s t r ands   13 

e x i t i n g   from  sa id   tubes  21,  which  ends  are  clamped  to  t h e  

p la t e   in  any  known  manner  or  by  any  conven t iona l   means,  such 

as  those  shown  in  Figs.   1  and  2.  Such  means  have  not  been 



shown  in  d e t a i l   and  are  d e s i g n a t e d   by  r e f e r e n c e   numeral  26.  

The  novel  anchorage  f u r t h e r   comprises   a  packing  of  epoxy  r e s i n ,  

g e n e r a l l y   c a r r i e d   out  by  i n j e c t i o n   and  shown  at  30,  about  t h e  

s t r ands   in  sa id   tubes  and  box.  P a r t i c u l a r l y ,   the  shape  t a k e n  

by  the  res in   on  f i l l i n g   up  the  p r e a r r a n g e d   f ree   spaces  or  gaps 

is  such  tha t   a  l a r g e r   mass  of  res in   e x i s t s   at  the  s i d e  

where  the  s t r ands   ga ther   and  then  proceed  at  f ree  s t a t e  

( t h a t   is  in  the  box),   whereas  the  res in   volume  is  more  f i n e l y  

d i s t r i b u t e d   about  the  s t r and   at  the  side  where  the  s t r ands   j o i n  

the  anchor ing   p l a t e   ( t u b e s ) .  

The  epoxy  r e s ins   used  for  i n j e c t i o n   are  of  the  type  at  p r e s e n t  

commercia l ly   a v a i l a b l e ,   and  having  the  fo l lowing   c h a r a c t e r i s t i c s :  

-  ha rden ing   w i thou t   any  need  of  ou t s ide   h e a t i n g ,   but  by  a d d i t i o n  

of  c a t a l y s t ;  

-  s u f f i c i e n t   f l o w a b i l i t y   to  pe  n e t r a t e   into  i n t e r s t i c e s   1  mm 

t h i c k ;  

-  c o e f f i c i e n t   of  t e n s i l e   e l a s t i c i t y   ( a f t e r   hardening)   r a n g i n g  

between  20,000  and  100,000  kg/sq.cm.   and  c o e f f i c i e n t   o f  

compress ion  e l a s t i c i t y   ranging  between  25,000  and  150 ,000  

k g / s q . c m . ;  

-  t e n s i l e   s t r e n g t h   h igher   than  200  k g / s q . c m . ;  

-  compress ive   s t r e n g t h   h igher   than  500  k g / s q . c m . ;  

-  s h e a r i n g   s t r e n g t h   h igher   than  100  k g / s q . c m . ;   and 

-  the  r e s in s   may  be  added  with  s i l i c e o u s   or  metal  i n e r t  

m a t e r i a l s   in  order   to  graduate   the  e l a s t i c i t y   and  s t r e n g t h  

t h e r e o f ;  



According  to  a  v a r i a n t   to  th i s   embodiment,  a  coa t ing   or  l i n i n g  

of  a n t i f r i c t i o n   ma te r i a l   has  been  provided  on  the  inner   face  o f  

the  tubes  at  the  s e c t i o n s   of  major  cu rva tu re   t h e r e o f ,   so  as  t o  

allow  a  good  s l i p p i n g   for  the  s t r and   in  case  of  c o n t a c t .  

The  above  de sc r i bed   device  or  assembly  for  the  anchorage  o f  

a  bundle  of  s t r ands   could  also  be  used  for   anchorage  of  a  c a b l e .  

Where  a  cable  has  to  be  anchored  to  a  conc re te   s t r u c t u r e ,   t h e  

cable  d i s t r i b u t i o n   of  the  var ious   s t r ands   or  wires  c o m p r i s i n g  

i t   is  c a r r i e d   out  wi th in   the  box  ( fo r   example,   the  box  20 

of  Fig.  4).  The  i n d i v i d u a l   s e p a r a t e d   s t r ands   or  wires  t h e n  

proceed  in  the  t ubes ,   such  as  21  of  Fig.  4,  to  reach  t h e  

anchorages   26,  j u s t   as  shown  and  d e s c r i b e d   in  Fig.  4 .  

The  novel  anchorage  is  c a r r i e d   out  by  p reas sembl ing   s a i d  

box  20  with  sa id   tubes  21  and  p l a t e   25  and  p l ac ing   t h e  

.  assembly  t o g e t h e r   with  the  r e i n f o r c e m e n t   11'  in  the  c a i s s o n  

in tended   to  r ece ive   said  concre te   s t r u c t u r e   1.  The  c o n c r e t e  

is  then  cas t   and  cured.   The  s t r a n d s   may  be  th readed   into  t h e  

box  and  tubes  at  the  p r ea s sembl ing   s t ep ,   or  a f t e r   c a s t i n g   and 

cur ing   of  the  c o n c r e t e .  

.  I n  c a s e ,   the  r e q u i r e d   p r e t e n s i o n   may  be  app l i ed   t h e r e t o .  

Then,  the  epoxy  res in   is  i n j e c t e d   by  per  se  well  known 

techn iques   to  f i l l   up  the  spaces  or  gaps  wi th in   said  tubes  21 

and  box  2 0 .  



In  the  novel  anchorage  shown  in  Figs.   4  and  5,  the  c l amping  

means  (such  as  wedges,  r ing ,   e t c . )   26  t r a n s m i t   to  the  meta l  

p l a t e   25  (and  the  l a t t e r   to  conc re t e )   the  whole  amount  o f  

i n i t i a l   p r e t e n s i o n   to  which  the  s t r a n d s   are  s u b j e c t e d .   They  a l s o  

t r a n s m i t   the  changes  in  t ens ion   s u c c e s s i v e l y   o c c u r r i n g   in  t h e  

s t r and   at  the  p la te   l e v e l .   However,  i t   should  be  noted  t h a t  

they  are  a  very  small  amount  of  the  changes  in  t ens ion   o c c u r r i n g  

in  the  free  s t r a n d ,   t ha t   is  at  the  side  oppos i te   to  a n c h o r a g e .  

The  box  20  t r a n s m i t s   a  large  amount  of  in  t ens ion   of  the  f r e e  

s t r a n d   to  c o n c r e t e ,   e s s e n t i a l l y   b i a s i n g   to  shea r ing   e f f e c t   t h e  

res in   with  which  i t   is  f i l l e d   up.  It  should  be  noted  t h a t  

c o n s i d e r a b l e   r e l a t i v e   d i sp l acemen t s   will  occur  also  be tween  

the  box  wal ls   i n t e g r a l   with  the  concre te   and  s t r a n d ;   t h e r e f o r e  

no  d i r e c t   c o n t a c t   should  a r i s e   between  the  l a t t e r   and  the  r i g i d  

walls   of  the  box.  Should  th i s   occur ,   a  p a r t i c u l a r   f a t i g u e  

phenomenon  of  the  s t r a n d ,   commonly  r e f e r r e d   to  as  " f r e t t i n g  

c o r r o s i o n "   or  f r e t t i n g   f a t i g u e ,   would  be  d e v e l o p e d .  

The  r es in   f i l l i n g   up  sa id   tubes  21  will   reduce  almost  to  z e r o  

the  r e l a t i v e   movements  between  the  s t r a n d   and  c o n c r e t e ,   t h u s  

r e s u l t i n g   in  r e d u c t i o n   almost  to  zero  for  the  change  in  t e n s i o n  

in  the  s t r and   at  the  p l a t e   level   and  r educ t ion   of  the  f r e t t i n g  

f a t i g u e   between  sa id   s t r a n d   and  inner   wall  of  the  t u b e .  

A  second  embodiment  of  the  i nven t ion   is  shown  in  Fig.  6,  i n  

which  s t r ands   13  are  shown  as  anchored  in  a  per  se  known  manner 

by  d e v i c e s ,   g e n e r a l l y   d e s i g n a t e d   by  r e f e r e n c e   numeral  26,  t o  



a  load  d i s t r i b u t i n g   p l a t e   4 5 .  

Here in ,   a  s t rong   box  40  of  metal  ma te r i a l   is  shown,  which  ha s  

a  f ron t   f lange  41  and  a  side  screw  th read   42,  on  which  a  r i n g  

nut  43  is  screwed  down,  the  l a t t e r   t r a n s m i t t i n g   the  s t r a i n  

to  sa id   p la te   45  which  t r a n s f e r s   the  loads  onto  the  c o n c r e t e  

s t r u c t u r e   11.  Said  box  40  has  tubes  21  e x i t i n g   t he r e f rom,   b u t  

in  th is   case  sa id   tubes  are  i n c o r p o r a t e d   in  a  s e p a r a t e   block  50 

of  very  high  s t r e n g t h   concre te   r a t h e r   than  in  sa id   concre te   11 .  

This  embodiment  would  both  provide  for  ad jus tmen t   by  o p e r a t i n g  

a  jack  between  sa id   f lange  41  and  p l a t e   45,  so  as  to  remove 

any  s t r a i n   between  sa id   r ing  nut  43  and  p la te   45,  t h e n  

screwing   down  said  screw  nut  43  to  the  de s i r ed   p o s i t i o n   and 

r e l e a s i n g   xhe  jack  so  t ha t   the  s t r a i n   is  r e l e a s e d   through  s a i d  

ring  nut  43  onto  sa id   p l a t e   45.  This  s t r u c t u r e   can  also  be  

comple te ly   r ep l aced   in  t h a t ,   w i thou t   b reak ing   the  concre te   11 

of  the  main  c a s t i n g ,   the  s t r ands   13  can  be  cut ,   so  tha t   both  s a i d  

box  40  and  block  50  along  with  any  th ing   con ta ined   t h e r e i n   can 

be  removed  and  r ep l aced   with  o the r   new  e lements .   Of  course ,   a l l  

of  those  v a r i a t i o n s   wi th in   the  reach  of  those  o r d i n a r i l y   s k i l l e d  

in  the  a r t   can  be  made  to  the  fo rego ing   w i thou t   d e p a r t i n g   f o r  

this   from  the  cover ing  f i e l d   of  th is   a p p l i c a t i o n .  



1.  A  device  for  anchor ing   between  t e n s i o n i n g   elements  ( 1 3 ) ,  

such  as  s t r a n d s ,   bundles  of  s t r ands   or  metal  c ab l e s ,   and  a 

s t r u c t u r e   (11)  made  of  c o n c r e t e ,   metal  or  the  l i k e ,  c o m p r i s i n g  

one  or  more  t e n s i o n i n g   elements   (13) ,   such  as  s t r a n d s ,   b u n d l e s  

of  s t r a n d s   or  c a b l e s ,   a  p e r f o r a t e d   p la te   for  load  d i s t r i b u t i o n  

(25,  45)  so  as  to  allow  the  passage  of  sa id   t e n s i o n i n g  

elements   (13) ,   and  clamping  means  (26)  for  each  of  the  t e n s i o n -  

ing  e lements   (13) ,   c h a r a c t e r i z e d   by  also  p rov id ing   a  box 

(20,  40)  for  r e c e i v i n g   all  of  the  t e n s i o n i n g   elements   (13)  

so  as  not  to  con t ac t   the  walls   of  sa id   box,  the  l a t t e r   b e i n g  

provided  with  oppos i t e   openings  of  s u f f i c i e n t   s ize  for  t h e  

passage  of  sa id   t e n s i o n i n g   elements   (13);   a  p l u r a l i t y   o f  

tubes  (21)  of  s u f f i c i e n t   inner   s ize   to  accomodate  w i t h  

c l e a r a n c e   each  of  the  t e n s i o n i n g   elements  (13)  e x t e n d i n g  

between  sa id   load  d i s t r i b u t i n g   p l a t e   (25,  45)  and  said  box 

(20,  40);  a  packing  of  epoxy  r e s ins   (30)  in  said  tubes  (21)  

and  sa id   box  (20,  40)  about  said  t e n s i o n i n g   elements   ( 1 3 ) .  



2.  A  device  accord ing   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

sa id   tubes  (21)  have  a  c o r r u g a t e d   s u r f a c e .  

3.  A  device  accord ing   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

an  a n t i f r i c t i o n   f i lm  is  p r e a r r a n g e d   in  some  s e c t i o n s   of  t h e  

inner   su r f ace   of  said  tubes  ( 2 1 ) .  

4.  A  device  accord ing   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

said  box  (20)  has  c o r r u g a t e d   w a l l s .  

5.  A  device  accord ing   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

sa id   box  (20)  has  s u b s t a n t i a l l y   f l a r e d   s ide   w a l l s ,   so  as  n o t  

to  allow  r e l a t i v e   s l i p p i n g s   between  said  box  (20)  and  main 

s t r u c t u r e   ( 1 1 ) .  

6.  A  device  accord ing   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

sa id   box  (40)  is  made  of  metal  or  in  any   case  ex t remely   s t r o n g ,  

and  l a t e r a l l y   has  a  screw  th read   (42)  on  which  an  i n t e r n a l l y  

th readed   r ing  nut  (43)  is  screwed  down,  being  p r e f e r a b l y  

provided  at  the  f ron t   with  a  f lange  ( 4 1 ) .  

7.  A  device  accord ing   to  Claim  1,  c h a r a c t e r i z e d   in  t h a t  

said  tubes  (21.)  are  placed  wi th in   a  block  (50)  s e p a r a t e d   f rom 

the  remaining  main  s t r u c t u r e   (11) ,   p r e f e r a b l y   made  of  v e r y  

high  s t r e n g t h   concre te   ( compress ive   b reak ing   s t r e s s   h i g h e r  

than  1,000  k g / s q . c m . ) .  

8.  A  process   for   c a r r y i n g   out  anchorages   between  a 



p l u r a l i t y   of  t e n s i o n i n g   elements  (13)  and  a  concre te   s t r u c t u r e  

(11) ,   compris ing   the  s teps   of:  p r ea s semb l ing   a  l o a d  

d i s t r i b u t i n g   p l a t e   (25,  45),  a  box  for  r e c e i v i n g   the  s t r a n d s  

( 2 0 ,  4 0 ) ,   a  p l u r a l i t y   of  tubes  (21)  each  for  the  passage  of  a t  

l e a s t   one  t e n s i o n i n g   element  (13)  and  p lac ing   said  e l e m e n t s  

in  the  main  s t r u c t u r e   (11)  to  be  s u b j e c t e d   to  t e n s i o n ;  

t h r e a d i n g   the  p l u r a l i t y   of  t ens ion   elements  (13)  in  said  box 

(20,  40)  and  sa id   tubes  (21)  and  de t e rmin ing   the  r e q u i r e d  

t ens ion   by  anchor ing   one  end  of  said  t e n s i o n i n g   elements  (21)  

to  said  load  d i s t r i b u t i n g   p l a t e   (25,  45);  i n j e c t i n g   an  epoxy 

res in   (30)  in  said  tubes  (21)  and  sa id   box  (20,  40);  and  c u r i n g  

sa id   epoxy  r e s i n .  

9.  A  process   accord ing   to  Claim  8,  c h a r a c t e r i z e d   in  t h a t  

said  main  s t r u c t u r e   (11)  is  made  s e p a r a t e l y   from  the  c a s t i n g  

of  a  conc re t e   block  (50)  c o n t a i n i n g   said  tubes  ( 2 1 ) .  

10.  An  anchorage  provided  by  the  device  accord ing   to  Claims  1 

through  7,  or  by  the  process   accord ing   to  Claim  8  o r  

Claim  9 .  
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