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©  Apparatus  for  anchoring  at  least  one  oblong  ten- 
sion  member  of  a  fibre  (e.g.  aramid)  reinforced  resin 
matrix.  It  comprises  a  clamping  member  made  of 
synthetic  plastic  material  and  positioned  in  a  housing 
for  exerting  an  external  drawing  force  in  the  longitu- 
dinal  direction  of  the  tension  member,  in  which  both 
ihe  clamping  member  and  the  housing  or  an  ele- 
ment  connected  thereto  are  provided  with  cooperat- 
ng  contact  surfaces  slanting  with  respect  to  the 
:ension  member  for  transferring  said  external  draw- 
ng  force  to  the  tension  member,  the  slanting  sur- 
aces  being  directed  at  a  sharp  angle  to  the  longitu- 
dinal  direction  of  the  tension  member  extending  from 
:he  inside  of  the  apparatus  to  an  other  point  to 
attachment,  particularly  for  use  in  pre-stressed  con- 
;rete.  An  apparatus  which  can  be  readily  produced 
and  which  may  used  a  number  of  times  can  be 
Dbtained,  if 

(A)  the  clamping  member  consists  of  a  block- 
shaped  element  which  is  already  solidified,  and  in 
Darticular  substantially  pore-free,  before  the  introduc- 
ion  thereof  into  the  housing, 

(B)  it  is  releasably  connected,  during  pre- 
itressing,  to  the  tension  member  directly  through 
rictional  contact  and  compressive  forces,  and 

(C)  preferably,  it  extends  over  at  least  50-80% 
of  the  length  of  the  housing. 

Fig.  3 
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a  uevice  tor  ancnonng  a  tendon  and  a  process  for  preparing  prestressed  concrete 

i  ne  invention  relates  to  a  device  tor  ancnonng 
at  least  one  elongated  tendon  consisting  of  a  fibre 
reinforced  synthetic  matrix,  which  device  com- 
prises  a  clamping  body  contained  in  an  anchoring 
housing  so  that  an  external  tensile  force  may  be 
exerted  in  longitudinal  direction  of  the  tendon,  the 
anchorage  housing  or  an  element  coupled  with  it 
and  the  clamping  body,  which  is  substantially 
formed  of  a  synthetic  material,  being  provided  with 
cooperating  contact  surfaces  which  are  in  a  slant- 
ing  position  relative  to  the  tendon,  for  transmitting 
the  external  tensile  force  to  the  tendon,  which 
slanting  surfaces  are  positioned  at  an  acute  angle 
with  the  longitudinal  direction  of  the  tendon  which 
extends  from  the  inside  of  the  device  to  some 
other  point  of  attachment,  particularly  for  use  in 
prestressed  concrete. 

The  invention  also  comprises  a  process  of  pre- 
paring  prestressed  concrete. 

An  anchoring  device  of  the  type  indicated 
above  is  illustrated  in  Rgure  1  of  EP  0  025  856.  In 
the  anchorage  of  prestressed  tendons  the  tensile 
force  prevailing  in  the  tendon  will  vary.  At  the  point 
in  the  anchoring  device  where  the  tendon  leaves 
Ehe  clamping  body  while  subject  to  the  full  tension 
toad  or  prestress,  i.e.  on  the  inside  of  the  anchoring 
device,  there  will  prevail  the  maximum  tensile  force 
in  the  tendon.  At  the  other  side,  called  the  end 
face,  of  the  anchoring  device  where  the  tendon 
3-nters  the  clamping  body  while  in  the  tension  less 
state,  there  will  prevail  practically  no  tensile  force 
n  the  tendon.  Therefore,  the  magnitude  of  the 
:ensile  force  in  the  tendon  held  by  the  clamping 
Dody  will  vary  from  a  maximum  value  near  the 
nside  to  a  value  nil  near  the  end  face  of  the 
anchoring  device.  The  tensile  force  acting  in  lon- 
jitudinal  direction  of  the  tendon  is  transmitted  to 
he  anchorage  housing  as  a  result  of  the  friction 
setween  the  tendon  and  the  clamping  body.  At  the 
:ontact  surface  between  the  tendon  and  the  clamp- 
ng  body  transverse  forces  will  be  exerted  between 
he  tendon  and  the  clamping  body,  which  forces 
ire  directed  perpendicular  to  the  longitudinal  direc- 
ion  of  the  tendon,  their  magnitude  being  depen- 
dent  on  the  tensile  forces.  Consequently,  on  the 
nside  of  the  anchoring  device  there  will  generally 
prevail  an  unfavourable  biaxial  state  of  stress  in  the 
endon  as  a  result  of  the  combination  of  a  maxi- 
num  tensile  force  and  a  maximum  transverse 
brce.  From  the  inside  to  the  end  face  of  the 
anchoring  element  both  the  tensile  force  and  the 
ransverse  force  in  the  tendon  will  gradually  de- 
cease.  If  use  is  made  of  conventional  tendons  of 
;teel,  said  unfavourable  state  of  stress  on  the  in- 
side  of  the  anchoring  element  is  not  objectionable 

because  steel  tendons  are  sufficiently  homoge- 
neous  to  take  up  a  high  force  both  in  longitudinal 
and  in  transverse  direction.  Apart  from  the  various 
advantages,  however,  the  tendons  formed  of  a  syn- 

5  thetic  matrix  reinforced  with  endless  filaments  have 
the  disadvantage  as  compared  with  steel  tendons 
than  they  are  softer,  so  that  sad  high  transverse 
force  gives  rise  to  prohibitive  local  deformation  of 
the  tendon.  This  in  combination  with  said  high 

to  tensile  force  contributes  considerably  to  the  chance 
of  failure  inside  the  anchoring  device  of  a  tendon  of 
synthetic  material.  To  reduce  the  problem  of  the 
unfavourable  state  of  stress  on  the  inside  of  the 
anchoring  device  it  is  proposed  in  EP  0  025  856 

75  that  limiting  means  for  the  transverse  forces  should 
be  incorporated,  for  which  various  embodiments 
are  described. 

The  anchoring  device  according  to  Fig.  1  of  EP 
0  025  856,  which  is  particularly  meant  for  anchor- 

20  ing  tendons  formed  of  a  synthetic  matrix  reinforced 
with  fibres,  such  as  glass  fibres  or  carbon  fibres, 
comprises  an  internally  conical  anchoring  housing. 
In  the  conical  housing  is  a  conical  clamping  body 
of  synthetic  material.  Between  the  fixed  bottom,  on 

25  the  inside  of  the  anchorage  housing  and  the  clamp- 
ing  body  is  a  buffer  layer  of  a  compressible  syn- 
thetic  material,  such  as  polyvinyl  chloride.  Sym- 
metrical  with  the  longitudinal  axis  are  a  number  of 
tendons  in  the  anchoring  device.  When  use  is 

30  made  of  the  anchoring  device  according  to  Figure 
1  of  EP  0  025  856  the  tendons  must  after  introduc- 
ing  the  buffer  layer  be  set  to  and  kept  at  the 
desired  prestress  with  the  aid  of  a  tensioning  de- 
vice.  Subsequently,  the  clamping  body  must  be 

?5  formed  by  pouring  a  liquid  epoxy  resin,  optionally 
reinforced  with  fillers  or  fibres,  into  the  conical  bore 
of  the  anchorage  housing.  Then  the  resin  is  left 
until  it  is  sufficiently  cured,  during  which  process 
the  tensioning  device  remains  in  operation.  During 

to  the  curing  of  the  epoxy  resin  the  tendons  will 
irremovabiy  adhere  to  the  clamping  body.  After  the 
resin  curing  process  the  tensile  force  exerted  by 
the  tensioning  device  may  be  reduced,  preferably 
gradually.  The  then  hard  conical  clamping  body 

(5  together  with  the  fixed  tendons  will  shift  relative  to 
the  housing  toward  the  inside  of  the  anchoring 
device,  with  the  buffer  layer  becoming  compressed 
and  finally  acting  as  a  "hard"  abutment  plate.  In 
this  way  the  clamping  body  will  be  sufficiently 

io  compressed  in  transverse  direction  to  retain  the 
tendons  and  moreover  the  magnitude  of  the  trans- 
verse  forces  acting  transverse  to  the  longitudinal 
direction  of  the  tendons  will  be  restricted. 
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Aitnougn  under  some  circumstances  reason- 
able  results  can  be  obtained  with  the  device  ac- 
cording  to  Fig.  1  of  EP  0  025  856  for  anchoring 
fibre-reinforced  tendons  of  synthetic  material,  said 
known  device  has  several  disadvantages.  In  the 
first  place  the  casting  of  the  clamping  body  is 
relatively  difficult,  particularly  at  low  temperatures, 
because  of  the  special  provisions,  such  as  sealing, 
which  will  have  to  be  made  then.  Further,  there 
may  be  problems  as  to  the  position,  viz.  horizontal, 
vertical  or  otherwise,  of  the  cavity  into  which  the 
resin  is  to  be  poured.  It  should  also  be  realized  that 
casting  will  generally  have  to  be  done  at  some 
building  site  under  difficult  working  and/or  weather 
conditions,  with  each  complication  forming  a  poten- 
tial  risk  of  additional  difficulties,  delays  or  mistakes 
which  may  detrimentally  affect  the  quality  of  a 
building  structure  with  prestressed  concrete  ele- 
ments.  Moreover,  the  casting  of  clamping  bodies 
from  epoxy  resin  requires  special  skill.  Another 
disadvantage  consists  in  that  the  tensioning  device 
must  remain  in  operation  until  the  resin  is  suffi- 
ciently  cured.  This  is  not  only  time  consuming,  but 
may  also  lead  to  serious  defects  in  the  event  of  the 
tensioning  device  already  being  out  of  operation  at 
a  moment  when  the  resin  is  still  insufficiently 
cured.  Besides,  the  known  anchoring  system  is  not 
very  economical.  For,  it  can  be  used  only  once,  in 
that  it  is  fixedly  cast  in  the  concrete  element  and 
the  cured  clamping  body  cannot  be  re-used. 

The  anchoring  systems  according  to  Fig.  2,  3, 
4  and  5  of  EP  0  025  856  have  generally  the  same 
disadvantages  as  the  ones  discussed  with  regard 
to  the  construction  according  to  Fig.  1  of  EP  0  025 
856. 

Although  the  anchoring  system  according  to 
Figure  6  of  EP  0  025  856  also  comprises  a  buffer 
layer  serving  as  a  limiting  means  for  the  transverse 
forces,  the  construction  is  not  of  the  type  men- 
tioned  in  the  opening  paragraph  of  the  present 
patent  specification.  A  considerable  disadvantage 
to  the  anchoring  system  according  to  Fig.  6  of  EP 
3  025  856  consists  in  that  the  fibre-reinforced  ten- 
dons  of  synthetic  material  are  in  direct  contact  with 
and  fixed  by  a  heavily  constructed  clamping  body 
Df  steel  or  aluminium.  Therefore,  the  softer  syn- 
thetic  tendons  may  be  readily  damaged,  so  that 
there  will  be  an  increased  chance  of  failure  under 
tie  influence  of  the  high  tensile  force  and  the 
xansverse  force,  which  although  it  is  limited  is  still 
considerable.  The  metal  clamping  body  in  the  an- 
chorage  housing  is  surrounded  by  a  compressible 
material  serving  as  buffer,  which  is  to  be  subjected 
:o  the  appropriate  pressure  by  means  of  bolts  and 
iuts.  Said  buffer  may  be  made  up  of  several  lay- 
ers.  The  magnitude  of  the  transverse  force  exerted 
cy  bolts  is  difficult  to  control.  For,  the  force  exerted 
vill  depend  on  the  stiffness  of  the  plates,  the 

stiffness  of  the  bolts  and  the  friction  between  bolts 
and  nuts.  Besides,  it  is  not  known  whether  the 
surfaces  properly  join.  The  construction  of  this 
known  anchoring  system  and  its  use  in  actual  prac- 

5  tice  will  therefore  be  rather  complicated.  As  also 
this  known  construction  is  fixedly  cast  in  the  pre- 
stressed  concrete  elements,  it  can  only  be  used 
once. 

For  a  further  prior  art  disclosure  reference  is 
70  made  to  DE  2  515  423.  It  describes  an  anchoring 

device  for  a  flat  tendon  made  up  of  31  steel  wires 
measuring  1  mm  in  diameter,  which  are  embedded 
in  synthetic  material  and  surrounded  by  an  impervi- 
ous  sheath.  The  tendon  is  clamped  between  two 

75  clamping  plates,  apparently  of  a  relatively  hard 
material  such  as  steel,  which  are  on  their  outside 
provided  with  wedge  shaped  clamping  surfaces 
that  cooperate  with  matching  surfaces  of  the  steel 
anchorage  housing.  To  reduce  the  chance  of  dam- 

20  age  and  fracture  of  the  tendon  an  additional  clamp- 
ing  plate  in  the  form  of  some  kind  of  buffer  layer  is 
placed  between  the  tendon  and  the  two  clamping 
plates  over  the  entire  clamping  length  thereof.  Said 
buffer  may  consist  of,  for  instance,  an  aluminium 

25  plate  or  a  layer  of  elastomeric  material,  such  as 
rubber  or  plastic.  The  relatively  thick  buffer  layers 
on  either  side  of  the  tendon  serve  to  bring  about  a 
more  equal  transmission  of  transverse  force  be- 
tween  the  tendon  and  the  clamping  plates  and  the 

30  transverse  force  will  be  approximately  constant 
over  the  entire  length.  Nevertheless,  the  transverse 
force  on  the  inside  of  the  anchoring  device  will 
have  a  fairly  high  value,  as  will  the  tensile  force,  as 
a  result  of  which  the  afore-mentioned  unfavourable 

35  biaxial  state  of  stress  may  occur.  Apart  from  the 
complication  and  the  additional  cost  of  said  clamp- 
ing  plate  in  the  form  of  a  buffer  layer,  particularly 
when  use  is  made  of  a  large  number  of  tendons, 
which  in  reality  will  be  general  practice  rather  than 

to  exceptional,  the  presence  of  the  resulting  additional 
layers  will  increase  the  chance  of  creep. 

NL  7  702  741  describes  an  anchoring  device 
for  a  synthetic  tendon  reinforced  with  glass  fibres, 
which  at  least  at  the  point  where  the  tensile  force  is 

f5  introduced  is  built  up  of  several  layers  between 
each  of  which  metal  wedges  are  provided.  Also  in 
the  anchoring  device  according  to  NL  7  702  741 
the  transverse  force  will  be  maximal  on  the  inside, 
which  is  unfavourable.  Further,  the  great  difference 

so  in  hardness  between  the  metal  wedges  and  the 
tendon  of  synthetic  material  will  considerably  en- 
hance  the  chance  of  damage  to  the  tendion,  which 
will  readily  give  rise  to  fracture. 

Reference  is  also  made  to  GB  1  139  841, 
55  which  describes  a  gripping  device  for  ropes,  in 

particular  for  ropes  having  a  parallel  filamentary 
core.  At  the  end  to  be  attached  the  rope  is  split  to 
assume  an  annular  form,  use  being  made  of  a 

5 
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loose  cone  wnicn  is  rorcea  into  trie  core  or  the  rope 
end.  The  annular  rope  end  is  clamped  between  the 
conical  wall  of  a  housing  and  the  loose  cone  with 
the  aid  of  a  nut.  In  order  to  provide  a  constant 
annular  area  with  increasing  diameter  the  two  co- 
operating  cones  have  such  different  slopes  that  the 
annular  slit  will  narrow  with  increasing  diameter. 
This  anchoring  device  is  of  a  totally  different  type 
in  that  the  tendon  in  it  is  anchored  between  the 
clamping  body  and  the  anchorage  housing.  This 
device  is  not  suitable  for  anchoring  fibre-reinforced 
synthetic  tendons  in  the  manufacture  of  pre- 
stressed  concrete. 

DE  1  6Q9  722  shows  a  device  for  anchoring  a 
plurality  of  wires  in  a  structural  element.  The  wires 
which  are  expanded  at  their  ends,  are  flaringly 
placed  in  a  relatively  wide  bore  provided  in  the 
structural  element.  The  bore  will  then  be  provided 
with  a  filter  of  metal  granules  and  an  optionally 
thermoplastic  binder.  This  type  of  system  is  unsuit- 
able  for  anchoring  fibre-reinforced  synthetic  ele- 
ments  in  the  manufacture  of  prestressed  concrete. 

The  invention  has  for  its  object  to  provide  an 
anchoring  device  of  the  type  mentioned  in  the 
opening  paragraph  which  no  longer  displays  said 
disadvantages.  The  anchoring  device  according  to 
the  invention  is  characterized  in  that  the  synthetic 
clamping  body  consists  of  a  block-shaped,  com- 
pact,  more  particularly  solid  element,  in  which  form 
it  already  is  before  it  is  inserted  in  the  anchorage 
housing,  and  during  pretensioning  the  clamping 
body  is  releasably  and  directly  coupled  to  the 
tendon  through  frictional  contact  and  pressure 
force,  the  clamping  body  extending  over  at  least 
50-80%  of  the  length  of  the  anchorage  housing. 
Favourable  results  are  obtained  if  according  to  the 
nvention  the  clamping  body  is  substantially  formed 
Df  a  thermoplastic  synthetic  material,  such  as  nylon 
3,  nylon  6,6,  polyester,  polyethylene  or  poly- 
Dropylene,  and  the  hardness  value  of  the  clamping 
xidy  is  lower,  preferably  about  10  to  15%,  than 
hat  of  the  tendon,  as  determined  in  conformity  with 
he  Shore-D  hardness  measurement,  and  the  an- 
chorage  housing,  which  may  formed  of,  for  in- 
stance,  alloyed  structural  steel,  has  a  greater  stiff- 
less  than  the  clamping  body,  particularly  trans- 
feree  to  the  longitudinal  direction  of  the  tendon. 
Dptionally,  the  clamping  body  may  be  formed  of  a 
hermosetting  synthetic  material. 

A  particularly  effective  embodiment  of  the  an- 
:horing  device  according  to  the  invention  is  char- 
acterized  in  that  the  tendon  is  formed  by  a  matrix 
3ased  on  a  thermosetting  synthetic  material,  such 
as  epoxy  resin  and/or  bismaleimide  resin  or  un- 
saturated  polyester  resin,  containing  more  than 
3000,  more  particularly  more  than  20000,  prac- 
ically  parallel  continuous  filaments  formed  form  a 
naterial  selected  from  the  group  of  aromatic 

polyamides,  such  as  polyparaphenylene  tereph- 
thalamide,  or  carbon  or  glass  or  from  polyethylene, 
polyvinyl  alcohol  or  polyacrylonitrile  via  solvent 
spinning.  It  is  preferred  that  use  should  be  made  of 

5  a  tendon  of  which  the  cross-section  transverse  to 
the  longitudinal  direction  is  substantially  rectangu- 
lar,  as  in  that  case  a  relatively  large  contact  surface 
area  is  provided.  For  the  anchoring  device  accord- 
ing  to  the  invention  use  may  also  very  well  be 

to  made  of  a  tendon  of  which  the  cross-section  trans- 
verse  to  the  longitudinal  direction  is  substantially 
circular. 

When  use  is  made  of  a  tendon  having  a  rec- 
tangular  cross-section  it  is  according  to  the  inven- 

75  tion  of  advantage  if  the  ratio  of  the  thickness  to  the 
width  is  smaller  than  1  :2,  and  more  particularly  is  in 
the  range  of  1  :8  to  1  :90. 

A  preferred  embodiment  of  the  anchoring  de- 
vice  according  to  the  invention  is  characterized  in 

20  that  the  acute  angie  a  which  said  cooperating  slop- 
ing  surfaces  of  the  anchorage  housing  and  the 
clamping  organ  make  with  the  longitudinal  direction 
of  the  tendon  is  in  the  range  of  about  0,5°  to  15°. 

A  simple  embodiment  of  the  device  according 
25  to  the  invention  is  characterized  in  that  in  the 

anchorage  housing  the  sloping  surface  is  formed 
by  a  conical  bore  of  which  the  inner  diameter 
decreases  towards  the  inside  and  the  clamping 
body  is  formed  by  a  cone  which  cooperates  with 

30  the  conical  bore  in  the  anchorage  housing  and  may 
consist  of  two  or  more  parts  provided  with  a  recess 
for  receiving  a  tendon  at  the  common  boundary 
surfaces  of  said  parts. 

A  practical  embodiment  of  the  device  accord- 
?5  ing  to  the  invention  is  characterized  in  that  of  the 

sloping  surface  in  the  anchorage  housing  the 
height  decreases  towards  the  inside  and  the 
clamping  body  is  formed  by  an  undivided  or  di- 
vided  wedge-shaped  element  cooperating  with  said 

to  sloping  surface  in  the  anchorage  housing,  which 
wedge-shaped  element  is  provided  with  a  recess 
for  receiving  a  tendon. 

Favourable  results  are  obtained  with  an  anchor- 
ing  device  which  is  characterized  according  to  the 

is  invention  in  that  the  tendon  has  a  substantially 
rectangular  cross-section  transverse  to  the  longitu- 
dinal  direction,  of  which  the  ratio  of  the  thickness  to 
the  width  is  smaller  than  1  :2,  and  the  height  of  the 
recess  for  the  tendon  in  the  clamping  body,  mea- 

io  sured  transverse  to  the  width  of  the  tendon,  is  at 
least  10%  smaller,  preferably  20  to  60%  smaller 
than  the  thickness  of  the  tendon.  Thus,  the  tendon 
can  be  properly  clamped  by  the  clamping  body 
without  using  any  further  means.  When  use  is 

is  made  of  a  tendon  having  a  circular  cross-section 
the  clamping  body  may  be  provided  with  a  recess 
of  which  the  diameter  is  at  least  10%  smaller  than 
the  diameter  of  the  tendon. 
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The  chance  of  fracture  or  damage  of  the  ten- 
don  can  still  be  considerably  reduced  if  the  anchor- 
ing  device  according  to  the  invention  is  character- 
ized  in  that  on  the  inside  of  the  anchoring  device 
the  end  edge  of  the  clamping  body  in  contact  with 
the  tendons  is  rounded,  more  particularly  to  a 
radius  of  at  least  0,5  mm,  preferably  1-4  mm. 

The  anchoring  device  according  to  the  inven- 
tion  is  in  essence  particularly  simple  and  effective. 
The  synthetic  clamping  body  in  the  form  of  a 
block-shaped  element  ready  for  use  and  consisting 
of  a  cone  or  wedge  can  be  directly  inserted  in  the 
anchorage  housing  and  be  placed  in  its  proper 
position  on  the  tendons.  As  there  is  no  further  need 
for  the  clamping  body  first  to  be  formed  from  a 
thermosetting  compound,  the  clamping  organ  can 
without  delay  or  difficulty  and  regardless  of  weather 
conditions  be  inserted  into  the  anchorage  housing, 
irrespective  of  the  position  in  which  the  same  is 
placed.  Another  advantage  to  the  anchoring  device 
according  to  the  invention  consists  in  that  it  need 
not  be  cast  into  the  concrete  and  can  therefore 
often  be  re-used,'  as  a  result  of  which  the  cost 
thereof  can  be  reduced  considerably.  Owing  to  the 
absence  of  specially  adjustable  means  of  limiting 
transverse  forces  or  other  means  the  anchoring 
device  is  particularly  simple  to  manufacture.  The 
simple  construction  of  the  anchoring  device  ac- 
cording  to  the  invention  permits  problem-free  ap- 
plication  in  actual  practice,  without  requiring  any 
special  operating  instructions. 

Although  the  anchoring  device  according  to  EP 
0  025  856  dates  back  to  1979,  the  paper  "Erste  mit 
Glasfaser  Spanngliedern  vorgespannte  Be- 
tonbrucke"  by  Dipl.  Ing.  M.  Weiser  of  the  firm  of 
Strabag  Bau-AG  at  Cologne  in  West-Germany  (see 
Beton-und  Stahlbetonbau  2/1983,  pp.  36-40)  in 
Section  4,  first  paragraph,  says  that  the  anchoring 
of  so-called  HLV  tendons  is  still  under  develop- 
ment.  Also  from  that  paper  it  may  therefore  be 
concluded  that  the  anchoring  systems  known  in 
1983  for  fibre-reinforced  synthetic  tendons  were 
not  without  problems.  It  may  be  further  concluded 
that  the  very  practical  and  simple  anchoring  sys- 
tem  according  to  the  invention  was  apparently  not 
obvious  to  a  man  skilled  in  the  art. 

The  invention  also  comprises  a  process  for  the 
manufacture  of  prestressed  concrete,  in  which  pro- 
cess  the  reinforcement  formed  by  at  least  one 
3longated  tendon  consisting  of  a  fibre  reinforced 
synthetic  matrix  is  introduced  into  a  form,  followed 
3y  pouring  concrete  mortar  in  said  form  and,  prior 
:o  the  curing  of  the  concrete  matrix  each  tendon  is 
Dretensioned  while  subjected  to  an  external  tensile 
oad,  said  external  tensile  load  being  removed  after 
:he  curing  of  the  concrete  matrix,  use  being  made 

of  the  described  device  according  to  the  invention. 
The  invention  also  comprises  prestressed  concrete 
structures  or  elements  made  by  the  process  ac- 
cording  to  the  invention. 

5  The  invention  will  be  further  described  with 
reference  to  the  accompanying  drawing. 

Fig.  1  is  a  view  in  side  elevation  of  the 
anchoring  device  according  to  the  invention. 

Fig.  2-5  are  sectional  views  of  the  anchoring 
ro  device  of  Fig.  1,  along  the  lines  ll-ll,  Ill-Ill,  IV-IV  and 

V-V,  respectively. 
Fig.  6  shows  a  longitudinal  section  of  the 

anchorage  housing. 
Fig.  7-12  are  different  views  of  the  clamping 

75  body  formed  by  two  conus  halves. 
Fig.  13-21  show  various  embodiments  of  the 

anchoring  device  according  to  the  invention. 
Figures  1-5  are  schematic  illustrations  of  a  first 

embodiment  of  the  anchoring  device  according  to 
20  the  invention.  The  anchorage  housing  1  of  alloyed 

steel  has  a  conical  bore  2,  the  angle  of  inclination 
of  the  bore  being  indicated  by  the  acute  angle  a.  In 
the  bore  2  are  two  half  cones  3  and  4  of  nylon  6,  of 
which  the  angle  of  inclination  is  also  a  and  which 

25  together  form  a  clamping  body  for  the  tendon  in 
the  form  of  a  flat  strip  5.  On  the  anchorage  housing 
is  a  collar  6  on  which  an  external  tensile  force  may 
be  exerted  in  the  direction  of  the  arrows  7  by 
means  of  a  hydraulic  or  mechanical  device  not 

30  shown  in  the  drawing.  The  sloping  surfaces  of  the 
conical  bore  2  in  the  anchorage  housing  and  of  the 
clamping  body  both  make  the  same  acute  angle  a 
with  the  longitudinal  direction  of  the  tendon.  The 
tendon  5  projects  outside  the  end  face  9  of  the 

35  anchoring  device  over  a  distance  of,  say,  5  mm 
and  transversely  extends  through  the  clamping 
body  in  a  recess  8  formed  in  one  of  the  cones  3,4 
towards  the  inside  10  of  the  anchoring  device. 
From  the  inside  10  the  tendon  5  extends  through 

40  formwork  (not  shown)  to  a  fixed  point  (not  indicated 
in  the  drawing),  which  may  be  several  metres  away 
from  the  inside  10,  the  distance  depending  on  the 
concrete  element  to  be  made.  The  tendon  5  in  this 
construction  consists  of  a  strip  of  about  20  x  1,3 

45  mm  formed  by  an  epoxy  resin  matrix  containing 
100  000  endiess  polyparaphenylene  tereph- 
thalamide  filaments  each  having  a  diameter  of 
about  12  urn.  The  breaking  load  of  such  a  tendon 
is  at  least  35  kN.  During  pretensioning  of  the  ten- 

30  don  5  it  is  subjected  to  a  gradually  increasing 
tensile  force  in  the  direction  indicated  by  the  arrow 
11.  As  mentioned  before,  the  tensile  force  is  ini- 
tiated  by  applying  to  the  anchorage  housing  1  an 
external  tensile  force  in  the  direction  indicated  by 

;5  the  arrows  7.  Said  external  tensile  force  is  transmit- 
ted  to  the  cooperating  sloping  surfaces  of  the  coni- 
cal  bore  2  and  the  half  cones  3,4  of  the  clamping 
body  via  pressure  and  frictional  forces.  The  trans- 

5 
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verse  rorces  in  ine  direction  indicated  rjy  the  ar- 
rows  12  set  up  frictional  forces  in  the  longitudinal 
direction  of  the  tendon  5.  In  the  clamping  body 
these  frictional  forces  are  directed  as  indicated  by 
the  arrow  13  and  set  up  the  prestressing  force  in 
the  tendon. 

Fig.  6-12  are  separate  views  of  the  most  impor- 
tant  parts  used  for  a  particularly  embodiment  of  the 
anchoring  device  according  to  the  invention.  Figure 
6  is  a  view  in  longitudinal  section  of  the  anchorage 
housing  1  of  alloyed  structural  steel  42  CrMoj.  The 
acute  angle  a  between  the  wall  of  the  conical  bore 
2  and  the  longitudinal  axis  of  the  tendon  is  about 
3,5°.  The  anchorage  housing  has  a  length  of  about 
100  mm  and  at  the  two  ends  the  inner  diameters  of 
the  bores  are  about  45  mm  and  33  mm,  and  the 
outer  diameters  are  about  63  mm  and  47  mm, 
respectively.  The  collar  6  has  a  length  of  about  30 
mm.  The  clamping  body  consists  of  two  half  cones 
3  and  4,  which  are  drawn  in  Figures  7-12  and  of 
which  the  acute  angle  a  with  the  longitudinal  axis  of 
the  tendon  is  also  3,5°.  The  axial  length  of  the  half 
cones  3  and  4  is  about  95  mm.  Figures  9  and  10 
are  views  of  the  nylon  6  cones  4  and  3,  respec- 
tively,  viz.  of  the  sides  having  the  largest  diameter. 
At  the  end  of  the  largest  diameter  the  radii  of 
curvature  of  the  two  half  cones  are  22,5  mm.  At  the 
end  of  the  smallest  diameter  the  radii  of  curvature 
of  the  two  cones  are  about  16,5  mm.  The  half  cone 
4  is  semi-circular,  in  cross-section  all  along  its 
length.  The  half  cone  3  is  provided  all  along  its 
length  with  a  recess  8  having  a  width  of  about  22 
mm  and  a  depth  of  about  0,75  mm  for  receiving 
the  described  tendon  5  measuring  about  20  x  1,3 
mm.  Except  for  the  recess  the  cone  3  is  also  semi- 
circular  all  along  its  length.  On  the  inside  of  the 
anchoring  device  the  end  edges  of  the  clamping 
body  that  are  in  contact  with  the  tendon  5  are 
rounded  to  a  radius  R  of  2  mm.  In  a  practice 
experiment  favourable  results  were  obtained  with 
the  simple  anchoring  device  according  to  the  in- 
dention  having  the  dimensions  as  indicated  for  Fig- 
ures  6-12.  A  tensile  force  of  the  order  of  79  kN 
could  readily  be  applied.  When  the  tendons  were 
subjected  to  a  fatigue  test  it  was  found  that  even 
after  2  million  load  reversals,  at  an  average  load  of 
about  15  kN,  the  tendon  did  not  fracture,  nor  did 
there  occur  any  slippage  in  the  anchoring  device. 
The  tendon  has  a  hardness  of  88-89  and  the  nylon 
5  clamping  body  has  a  hardness  of  78-80,  both 
lardnesses  being  Shore-D  values. 

Figure  13  and  14  are  views  respectively  in 
ongitudinal  section  and  in  side  elevation  of  a  dif- 
:erent  embodiment  of  the  anchoring  device  accord- 
ng  to  the  invention,  corresponding  parts  being 
■eferred  to  by  like  numerals.  This  embodiment 
comprises  three  tendons  5,  which  are  enclosed  in  a 
steel  anchorage  housing  1  by  means  of  two  nylon 

6  wedges  22,23  and  flat  plates  24,25  which  are 
also  of  nylon  6.  The  flat  sloping  surfaces  of  the 
wedges  22,23  cooperate  with  the  corresponding  flat 
wedge  surfaces  in  the  anchorage  housing  1  . 

5  Figures  15  and  16  show  an  embodiment  in 
which  three  superimposed  tendons  5  are  held  to- 
gether  by  a  clamping  body  formed  by  two  wedges 
22,23  of  nylon  6,  which  cooperate  with  correspond- 
ing  wedge  surfaces  in  the  anchorage  housing  1  . 

io  Figures  17  and  18  show  an  embodiment  in 
which  three  adjacent  tendons  5  are  clamped  to- 
gether  in  the  housing  1  between  two  wedges  22 
and  23  of  nylon  6. 

Figure  19  shows  an  embodiment  in  which  a 
75  great  many  anchoring  units  26,  for  instance  of  the 

type  according  to  Fig.  17,  18  or  Fig.  15,  16  or  Fig. 
13,  14  are  contained  in  one  and  the  same  block  27. 

Figures  20  and  21  show  an  embodiment  which 
aiso  is  provided  with  an  internal  conical  anchorage 

20  housing  1  containing  a  cone  of  nylon  6  consisting 
of  three  parts  28,  29  and  30  for  anchoring  a  tendon 
5  having  a  circular  cross-section.  The  three  parts 
28,  29  and  30  together  form  the  clamping  body. 

Within  the  scope  of  the  invention  various  modi- 
25  fications  may  be  made.  For  instance,  the  cooperat- 

ing  sloping  surfaces  are  not  necessarily  conical  or 
wedge  shaped  and  in  principle  also  curved  sloping 
surfaces  may  be  used.  Although  in  the  drawn  em- 
bodiments  with  cones  only  a  single  tendon  is  used, 

30  the  anchoring  system  according  to  the  invention 
may  also  in  that  case  be  provided  with  a  great 
many  adjacent  and/or  superimposed  tendons  con- 
tained  in  one  and  the  same  anchorage  housing. 
The  invention  also  comprises  embodiments  in 

35  which  during  pretensioning  a  thin  sheet  material  is 
provided  at  the  contact  surface  between  the  one  or 
multiple-part  clamping  body  and  the  tendon,  so 
that  there  is  still  a  practically  direct  contact  be- 
tween  the  clamping  body  and  the  tendon.  The 

to  clamping  organ  of  synthetic  material  may  optionally 
contain  a  certain  amount  of  filler,  such  as  glass 
fibres  or  a  mineral  material.  The  filaments  of  poly- 
paraphenylene  terephthalamide  contained  in  the 
tendons  may  be  of  the  type  described  in  US  4  320 

ts  081. 

Claims 

o  1.  A  device  for  anchoring  at  least  one  elon- 
gated  tendon  consisting  of  a  fibre  reinforced  syn- 
thetic  matrix,  which  device  comprises  a  clamping 
body  contained  in  an  anchoring  housing  so  that  an 
external  tensile  force  may  be  exerted  in  longitudi- 

«  nal  direction  of  the  tendon,  the  anchorage  housing 
or  an  element  coupled  with  it  and  the  clamping 
body,  which  is  substantially  formed  of  a  synthetic 
material,  being  provided  with  cooperating  contact 
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surfaces  which  are  in  a  slanting  position  relative  to 
the  tendon,  for  transmitting  the  external  tensile 
force  to  the  tendon,  which  slanting  surfaces  are 
positioned  at  an  acute  angle  with  the  longitudinal 
direction  of  the  tendon  which  extends  from  the 
inside  of  the  device  to  some  other  point  of  attach- 
ment,  particularly  for  use  in  prestressed  concrete, 
characterized  in  that  the  synthetic  clamping  body 
consists  of  a  block-shaped,  compact,  more  particu- 
larly  solid  element  in  which  form  it  already  is 
before  it  is  inserted  in  the  anchorage  housing,  and 
during  pretensioning  the  clamping  body  is  releas- 
ably  and  directly  coupled  to  the  tendon  through 
frictional  contact  and  pressure  force. 

2.  A  device  according  to  claim  1  ,  characterized 
in  that  the  clamping  body  extends  over  at  least  50- 
80%  of  the  length  of  the  anchorage  housing. 

3.  A  device  according  to  claim  1  ,  characterized 
in  that  the  clamping  body  is  substantially  formed  of 
a  thermoplastic  synthetic  material,  such  as  nylon  6, 
nylon  6,6,  polyester,  polyethylene  or  poly- 
propylene. 

4.  A  device  according  to  claim  1  ,  characterized 
in  that  the  clamping  body  is  substantially  formed  of 
a  thermosetting  synthetic  material. 

5.  A  device  according  to  claim  1,  characterized 
in  that  the  hardness  value  of  the  clamping  body  is 
lower,  preferably  about  10  to  15%,  than  that  of  the 
tendon,  as  determined  in  conformity  with  the 
Shore-D  hardness  measurement. 

6.  A  device  according  to  claim  1  ,  characterized 
in  that  the  anchorage  housing  has  a  greater  stiff- 
ness  than  the  clamping  body,  particularly  trans- 
verse  to  the  longitudinal  direction  of  the  tendon. 

7.  A  device  according  to  claim  6,  characterized 
in  that  the  anchorage  housing  is  formed  of  steel, 
such  as  alloyed  structural  steel. 

8.  A  device  according  to  claim  1  ,  characterized 
in  that  the  tendon  is  formed  by  a  matrix  based  on  a 
thermoplastic  or  a  thermosetting  synthetic  material, 
such  as  epoxy  resin  and/or  bismaleimide  resin  or 
unsaturated  polyester  resin,  containing  more  than 
5000,  more  particularly  more  than  20000,  prac- 
tically  parallel  continuous  filaments  formed  form  a 
material  selected  from  the  group  of  aromatic 
polyamides,  such  as  polyparaphenylene  tereph- 
thalamide,  or  carbon  or  glass  or  from  polyethylene, 
polyvinyl  alcohol  or  polyacryionitrile  via  solvent 
spinning. 

9.  A  device  according  to  claim  8,  characterized 
in  that  the  section  transverse  to  the  longitudinal 
direction  of  the  tendon  is  substantially  rectangular. 

10.  A  device  according  to  claim  9,  character- 
zed  in  that  of  the  opproximately  rectangular  cross- 
section  the  ratio  of  the  thickness  to  the  width  is 
smaller  than  1:2,  and  more  particularly  is  in  the 
-ange  of  1  :8  to  1  :90. 

11.  A  device  according  to  claim  1,  character- 
ized  in  that  in  the  anchorage  housing  the  sloping 
surface  is  formed  by  a  conical  bore  of  which  the 
inner  diameter  decreases  towards  the  inside  and 

5  the  clamping  organ  is  formed  by  a  cone  which 
cooperates  with  the  conical  bore  in  the  anchorage 
housing. 

12.  A  device  according  to  claim  11,  character- 
ized  in  that  the  cone  is  provided  with  a  recess  for 

10  receiving  a  tendon. 
13.  A  device  according  to  claim  11,  character- 

ized  in  that  the  cone  consists  of  a  plurality  of  parts, 
more  particularly  of  two  parts,  and  a  recess  is 
formed  for  receiving  a  tendon  at  the  common 

75  boundary  surfaces  of  said  parts. 
14.  A  device  according  to  claim  1,  character- 

ized  in  that  of  the  sloping  surface  in  the  anchorage 
housing  the  height  decreases  towards  the  inside 
and  the  clamping  body  is  formed  by  an  undivided 

20  or  divided  wedge-shaped  element  cooperating  with 
said  sloping  surface  in  the  anchorage  housing, 
which  wedge-shaped  element  is  provided  with  a 
recess  for  receiving  a  tendon. 

15.  A  device  according  to  claim  12,  13  or  14, 
25  characterized  in  that  the  tendon  has  a  substantially 

rectangular  cross-section  transverse  to  the  longitu- 
dinal  direction,  of  which  the  ratio  of  the  thickness  to 
the  width  is  smaller  than  1:2,  and  the  height  of  the 
recess  for  the  tendon  in  the  clamping  body,  mea- 

30  sured  transverse  to  the  width  of  the  tendon,  is  at 
least  10%  smaller,  preferably  20  to  60%  smaller 
than  the  thickness  of  the  tendon. 

16.  A  device  according  to  claim  1,  character- 
ized  in  that  the  acute  angle  a  which  said  cooperat- 

35  ing  sloping  surfaces  of  the  anchorage  housing  and 
the  clamping  organ  make  with  the  longitudinal  di- 
rection  of  the  tendon  is  in  the  range  of  about  0,5° 
to  15°. 

17.  A  device  according  to  claim  1,  character- 
40  ized  in  that  on  the  inside  of  the  anchoring  device 

the  end  edge  of  the  clamping  body  in  contact  with 
the  tendon  is  rounded,  more  particularly  to  a  radius 
of  at  least  0,5  mm,  preferably  1-4  mm. 

18.  A  process  for  the  manufacture  of  prestres- 
45  sed  concrete,  characterized  in  that  use  is  made  in 

it  of  the  device  according  to  one  or  more  of  the 
claims  1-17. 
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