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Description 

This  invention  relates  to  floating  offshore  struc- 
tures  such  as  tension  leg  platforms  and,  more 
particularly,  to  tension  leg  platforms  for  use  in 
deep  water,  having  a  lightweight,  composite 
material  as  a  mooring  element. 

With  the  gradual  depletion  of  subterranean  and 
shallow  subsea  hydrocarbon  reservoirs,  the 
search  for  additional  petroleum  reserves  is  being 
extended  to  deeper  and  deeper  waters  on  the 
outer  continental  shelves  of  the  world.  As  such 
deeper  reservoirs  are  discovered,  increasingly 
complex  and  sophisticated  production  systems 
have  been  developed,  it  is  projected  that  by  the 
year  1990,  offshore  exploration  and  production 
facilities  will  be  required  for  probing  depths  of 
6,000  feet  (1800  metres)  or  more.  Since  bottom 
founded  structures  are  generally  limited  to  water 
depths  of  no  more  than  about  1,500  feet  (460 
metres)  because  of  the  sheer  size  of  the  structure 
required,  other,  so-called  compliant  structures 
have  been  developed. 

One  type  of  compliant  structure  receiving  con- 
siderable  attention  is  a  tension  leg  platform  (TLP). 
An  example  of  a  TLP  is  disclosed  in 
GB—  A—  2109325.  A  TLP  comprises  a  semisub- 
mersible-type  floating  platform  anchored  by  piled 
foundations  on  the  sea  bed  through  vertical  mem- 
bers  or  mooring  lines  called  tension  legs.  The 
tension  legs  are  maintained  in  tension  at  all  times 
by  insuring  that  the  buoyancy  of  the  TLP  exceeds 
its  operating  weight  under  all  environmental  con- 
ditions.  The  TLP  is  compliantly  restrained  in  the 
lateral  directions  allowing  sway,  surge,  and  yaw 
while  vertical  plane  movements  of  heave,  pitch 
and  roll  are  stiffly  restrained  by  the  tension  legs. 

Several  major  aspects  of  the  design  of  the 
compliant  structure  concept  are  developed  from 
dynamic  considerations  of  the  structure  due  to 
excitation  by  water  waves.  To  minimize  sway 
motions,  the  natural  sway  period  of  the  structure 
must  be  either  less  than  or  greater  than  the  wave 
periods  at  the  various  sea  states.  A  stiff  structure 
such  as  a  fixed  platform  is  designed  with  a  natural 
sway  period  which  is  less  than  the  wave  period. 
However,  the  natural  sway  period  of  fixed  plat- 
forms  increases  with  increasing  water  depths  and 
ultimately  approaches  the  wave  period  resulting 
in  large  platform  motion.  In  a  compliant  structure 
such  as  a  TLP,  the  natural  sway  period  is  designed 
to  be  greater  than  the  wave  period. 

Current  TLP  designs  utilize  heavy  walled  steel 
tubulars  for  the  mooring  elements.  These  tension 
legs  constitute  a  significant  weight  with  respect  to 
the  floating  platform,  a  weight  which  must  be 
overcome  by  the  buoyancy  of  the  floating  struc- 
ture.  It  should  be  readily  apparent  that,  with 
increasingly  long  mooring  elements  being 
required  for  a  tension  leg  platform  in  deeper  and 
deeper  waters,  a  floating  structure  having  the 
necessary  buoyancy  to  overcome  these  extreme 
weights  must  be  so  large  as  to  be  uneconomic. 
Further,  the  handling  equipment  for  installing  and 
retrieving  the  long,  heavy  tension  legs  adds 

excessive  weight  and  complexity  to  a  tension  leg 
platform  system.  Floatation  systems  can  be 
utilized  but  their  reliability  is  questionable.  In 
addition,  they  cause  an  increase  in  the  hydrody- 

5  namic  forces  on  the  structure. 
According  to  the  present  invention  there  is 

provided  a  floating  tension  leg  platform  wherein  a 
plurality  of  substantially  vertically  oriented, 
axially  tensioned  mooring  elements  are  con- 

w  nected  so  as  to  be  constantly  in  tension  between 
anchoring  means  located  on  a  sea  bottom  and 
said  floating  platform,  characterised  in  that  the 
said  axially  tensioned  mooring  elements  are  a 
composite  structure  of  a  plurality  of  longitudinally 

w  oriented  carbon  fibers  imbedded  in  a  resin  matrix. 
Preferably  the  said  mooring  elements  are  in 

sections  and  have  metallic  connectors  disposed 
between  said  sections. 

The  mooring  elements  may  further  include 
20  longitudinally  or  helically  disposed  glass  or 

aramid  fibers. 
Some  embodiments  of  the  invention  will  now 

be  described  by  way  of  example  and  with  ref- 
erence  to  the  accompanying  drawings,  in 

25  which:  — 
Figure  1  is  a  schematic  view  of  a  tension  leg 

platform  in  which  composite  mooring  elements 
of  the  present  invention  may  be  incorporated; 

Figure  2  is  an  elevational  view  in  partial  section 
30  of  a  composite  mooring  element  of  the  present 

invention  showing  various  layers  of  composite 
material; 

Figure  3  is  a  cross-sectional  view  of  the  moor- 
ing  element  shown  in  Figure  2  taken  along  line 

35  3—3; 
Figure  4  is  a  cross-sectional  view  similar  to 

Figure  3  showing  an  alternative  embodiment  of 
the  invention; 

Figure  5  is  a  cross-sectional  view  of  the  embodi- 
40  ment  shown  in  Figure  4  taken  along  line  5  —  5 

thereof;  and 
Figure  6  is  a  cross-sectional  view  similar  to 

Figures  3  and  4  showing  yet  another  alternative 
embodiment  of  the  invention. 

45  Referring  now  to  the  drawings  wherein  the 
several  figures  are  presented  for  illustrating  a 
preferred  embodiment  of  the  invention  only  and 
not  for  the  purpose  of  limiting  the  scope  of  the 
invention,  Figure  1  shows  an  offshore  tension  leg 

50  platform  10.  The  TLP  10  generally  comprises  a 
platform  12  floating  in  a  body  of  water  14  and 
which  is  anchored  to  the  bottom  1  6  of  the  body  of 
water  by  a  plurality  of  tensioned  mooring 
elements  18  which  extend  between  the  floating 

55  platform  12  and  anchoring  means  20  which  are 
located  on  the  bottom  16  of  the  body  of  water  14. 
The  anchoring  means  20  are  adapted  for  connec- 
tion  of  a  plurality  of  tensioned  mooring  elements 
18  and  are  secured  in  position  by  a  plurality  of 

60  pilings  extending  into  the  bottom  16. 
In  accordance  with  one  preferred  embodiment 

of  the  invention,  the  tensioned  mooring  elements 
18  comprise  a  plurality  of  lightweight  composite 
tubulars  22  which  are  interconnected  at  their  ends 

65  by  a  plurality  of  metallic  connector  means  24,  the 
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ensioned  mooring  elements  18  being  maintained 
n  constant  tension  between  the  anchoring  means 
!0  and  the  floating  platform  12  by  buoyancy  of  the 
loating  platform  12  which  is  constantly  main- 
ained  in  excess  of  its  operating  weight  under  all 
:onditions. 

As  shown  in  Figure  2,  in  accordance  with  one 
jreferred  embodiment  of  the  invention,  a  mooring 
slement  18  generally  comprises  a  tubular  com- 
posite  structure  22  and  a  metallic  connector  26 
iisposed  at  each  end  thereof.  The  metallic  connec- 
:or  26  may  be  of  a  threaded  design  or  merely 
welded  in  order  to  form  the  connector  means  24 
shown  in  Figure  1.  In  this  form  of  the  invention,  the 
;omposite  tubular  portion  22  of  the  mooring 
ilement  18  comprises  a  plurality  of  layers  of 
generally  longitudinally  extending  reinforcing  car- 
son  fibres  (30)  in  a  resin  matrix.  In  its  preferred 
:orm,  a  plurality  of  parallel-lay  high  modulus 
:arbon  fiber  layers  30  in  a  thermoset  or  thermo- 
Dlastic  resin  matrix  are  alternated  with  layers  32  of 
nigh  strength,  low  twist  angle,  helically  wound 
aramid  fibers  in  the  same  resin  matrix.  It  will  be 
jnderstood  that  a  mooring  element  18  may  be 
instructed  solely  of  carbon  fibers  in  a  resin 
natrix  in  either  parallel-lay  or  low-angle  helical 
Ewist  without  the  use  of  interspersed  layers  of 
aramid  fiber,  the  aramid  fiber  being  present  in  the 
preferred  form  in  order  to  increase  the  toughness 
and  damage  resistance  of  the  mooring  element  18 
over  the  otherwise  somewhat  brittle  carbon  fiber/ 
resin  composite  structure.  In  its  preferred  form, 
the  carbon  fibers  have  an  elastic  modulus  in 
excess  of  30  million  psi  (210  million  kN/m2). 

In  the  cross-sectional  view  of  the  mooring 
element  18  shown  in  Figures  2  and  3,  the  layered 
form  of  thetubularcomposite  structure  22  and  one 
preferred  form  of  metal  connector  26  are  shown. 
As  can  be  seen,  a  plurality  of  alternating  layers  of 
longitudinally  oriented  carbon  fibers  30  and 
helically  wound  aramid  fibers  32  all  in  an  epoxy 
matrix  form  the  tubular  composite  22.  It  will  be 
understood  that  the  size  and  number  of  layers  of 
carbon  fiber  and  aramid  fiber  may  be  varied  to 
provide  the  desired  strength  and  stiffness  in  the 
mooring  element  18. 

The  preferred  metal  connector  26  has  a 
generally  radially  stepped  form  to  which  the 
various  layers  30,  32,  of  fibrous  materials  are 
bonded.  In  their  preferred  form,  the  steps  34  of  the 
metal  connector  26  have  a  slight  reverse  taper 
extending  longitudinally  away  from  the  tubular 
composite  portion  of  the  mooring  element  18  in 
orderto  increase  the  strength  of  the  connection  for 
increased  axial  loading  capacity.  Also  as  illus- 
trated  in  Figure  3,  the  end  portions  of  the  carbon 
fibers  abut  against  the  radially  oriented  faces  36  of 
the  steps  34  whereas  the  helically  wound  aramid 
fiber  layers  32  overlay  the  land  faces  38  of  the  steps 
34.  As  stated  previously,  the  metal  connector  may 
be  provided  with  threads  in  order  to  engage 
coupling  means  for  interconnection  with  various 
other  components  of  the  mooring  element  18  or 
may  include  portions  which  may  be  conveniently 
welded  to  other  components. 

Figures  4  througn  b  depict  alternative  emDoai- 
ments  of  a  metal  connector  portion  associated 
with  a  tubular  composite  structure  22  to  form  a 
mooring  element  18.  Thus,  Figures  4  and  5  illus- 

5  trate  an  alternative  metal  connector  126  which 
provides  greater  resistance  to  torsional  loadings 
on  the  bond  between  the  composite  structure  122 
and  the  metal  connector  126.  Longitudinally 
oriented  slots  140  are  provided  in  the  steps 

<o  portions  134,  the  slots  140  providing  a  locking 
mechanism  against  torsional  forces  which  would 
tend  to  shear  the  bond  between  the  metal  connec- 
tor  126  and  the  composite  structure  122.  Other- 
wise,  the  composite  structure  122  is  formed  of 

rs  alternating  layers  of  carbon  fiber  130  and  aramid 
fiber  132  in  a  resin  matrix  as  with  the  previously 
described  embodiment. 

Figure  6  shows  yet  another  type  of  metal 
connector  226  which  is  bonded  to  a  fiber  com- 

■>.o  posite  222  formed  in  a  manner  similar  to  previous 
embodiments.  The  metal  connector  226  is  pro- 
vided  with  a  plurality  of  radially  extending 
enlarged  circumferential  ring  portions  242  defin- 
ing  an  intermediate  grooved  portion  244  of  lesser 

is  diameter.  The  composite  structure  222  conforms 
to  the  ring  portions  242  and  is  compressed  into  the 
grooved  portion  244  by  the  action  of  a  split  ring  246 
encircling  the  exterior  of  the  composite  structure 
222  in  a  clamping  manner.  While  only  two  rings 

30  242  and  a  single  groove  244  and  clamp  ring  246  are 
shown  in  Figure  6,  it  will  be  understood  that  a 
plurality  of  such  structures  may  be  provided  in 
order  to  increase  the  strength  of  the  connection 
between  the  metal  connector  226  and  the  com- 

35  posite  structure  222. 
As  stated  previously,  the  aramid  fiber  portion  of 

the  composite  structure  is  provided  to  increase  the 
resistance  of  the  mooring  element  to  impact 
damage  which  would  cause  the  mooring  element 

40  to  fail.  As  an  alternative  to  or  in  addition  to  the 
provision  of  aramid  fiber  layers,  other  protective 
means  may  be  provided  on  the  exterior  of  the 
mooring  elements,  particularly  covering  the  com- 
posite  portion  of  the  structure  which  afford 

45  additional  impact  protection  to  the  mooring 
elements.  This  includes  encasing  the  mooring 
element  in  a  resilient,  rubber-like  material  or  even 
a  metal  sheath.  It  will  be  understood  however,  that 
the  provision  of  such  additional  impact  resistance 

so  material  has  the  disadvantage  of  a  weight  penalty 
on  the  otherwise  lightweight  structure.  As  an 
alternative  to  aramid  fibers,  glass  fibers  may  be 
used  to  strengthen  the  composite. 

In  forming  the  composite  structure,  several 
55  known  techniques  may  be  used  such  as  pultru- 

sion,  filament  winding,  and  molding.  In  pultrusion, 
the  reinforcing  fibers  which  are  wetted  with 
uncured  resin  are  pulled  through  a  heated  die 
where  the  composite  is  cured.  Acontinuous  length 

60  of  composite  is  produced  as  it  is  pulled  from  the 
die.  This  technique  is  useful  for  the  fabrication  of 
bars,  rods,  tubes,  I-beams  and  other  elements  of 
long  length  having  constant  cross-section. 
Although  different  fiber  orientations  can  be  pul- 

65  truded,  the  easiest  configuration  is  a  zero  degree 
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composite  (longitudinally  oriented  fibers). 
In  filament  winding,  the  reinforcing  fiber  is 

wound  on  a  mandrel  in  a  helical,  circumferential, 
or  polar  (end-to-end)  pattern  repeatedly  to  form 
the  composite  structure.  The  resulting  structure  is 
then  cured  in  an  oven.  Filament  winding 
machines  are  available  to  produce  large  com- 
posite  parts.  This  technique  is  useful  for  the 
fabrication  of  generated  shapes  such  as  rings, 
cylinders,  and  pressure  vessels,  even  of  variable 
cross-sectional.  Wet  filament  winding  involves 
wetting  the  fibers  with  uncured  resin  before 
winding  on  the  mandrel.  Dry  filament  winding  or 
tape  winding  employs  "prepreg"  tapes  of 
approximately  one  inch  (25  mm)  width.  "Pre- 
preg"  tapes  are  sheaths  are  fibers  preimpreg- 
nated  with  uncured  resin  and  are  more  expensive 
than  fibers  and  resin  purchased  separately.  Wind- 
ing  of  dry  fibers  with  subsequent  resin  injection  is 
also  possible. 

The  mandrels  on  which  windings  are  per- 
formed  can  be  of  varying  cross-section.  Integral 
metallic  end  fittings  may  be  easily  incorporated 
into  a  filament  wound  product.  Various  fibrous 
orientations  except  zero  degrees  can  be  achieved 
by  filament  winding.  Zero  degree  plies  may  be 
provided  as  prepregs  which  are  laid  up  by  hand. 
Alternatively,  a  longitudinal  lay-down  method 
may  be  used  whereby  zero  degree  fibers  are  laid 
on  a  mandrel  while  being  captured  by  a  90°  outer 
wrap. 

In  molding,  sheets  of  composite  prepregs  are 
cut  and  laid  up  in  a  metallic  mold  or  matched  die. 
A  vacuum  bag  may  be  deployed  over  the  com- 
posite  to  minimize  the  void  content.  A  hot  press 
or  autoclave  is  then  used  to  provide  the  desired 
temperature  and  pressure  cycles  for  proper  cur- 
ing  of  the  composite  structure.  This  technique  is 
useful  for  the  fabrication  of  fiat  plates  and  fairly 
simple  large  panels. 

As  shown  in  the  drawings,  the  mooring 
elements  18  may  be  comprised  of  a  plurality  of 
sectional  tubular  composite  matters  of  any  length 
convenient  for  handling.  Alternatively,  it  will  be 
understood  that  such  a  composite  could  be 
formed  as  a  single,  one-piece  structure  extending 
from  the  subsea  anchor  20  to  the  floating  plat- 
form  12.  However,  for  the  convenience  of 
handling,  shorter  segments  may  be  preferred. 

It  will  thus  be  seen  that,  at  least  in  its  preferred 
forms,  the  present  invention  provides  a  tension 
leg  platform  with  a  tensioned  mooring  element 
which  is  lighter  in  weight  but  offering  equal  or 
greater  strength  and  stiffness  when  compared  to 
tubular  steel  mooring  elements  which  have  been 
used  previously.  Such  a  tension  leg  platform  may 
be  utilized  in  waters  in  excess  of  1,000  feet  (300 
metres)  whilst  avoiding  an  uneconomically  over- 
sized  platform  and  complicated  floatating  and 
handling  equipment  which  would  otherwise  be 
required  if  prior  tubular  steel  mooring  elements 
were  utilized. 

Claims 

1.  A  floating  tension  leg  platform  (10)  wherein  a 
plurality  of  substantially  vertically  oriented, 

5  axially  tensioned  mooring  elements  (18)  are  con- 
nected  so  as  to  be  constantly  in  tension  between 
anchoring  means  (20)  located  on  a  sea  bottom 
(16)  and  said  floating  platform  (12),  characterised 
in  that  the  said  axially  tensioned  mooring 

io  elements  (18)  are  a  composite  structure  of  a 
plurality  of  longitudinally  oriented  carbon  fibers 
(30,  130)  imbedded  in  a  resin  matrix. 

2.  A  platform  (10)  as  claimed  in  claim  1,  wherein 
said  axially  tensioned  mooring  elements  (18)  are 

15  tubular  in  cross-section. 
3.  A  platform  (10)  as  claimed  in  claims  1  or  2, 

wherein  said  axially  tensioned  mooring  elements 
(18)  are  in  sections  (22,  122,  222)  and  have 
metallic  connectors  (26,  126,  226)  disposed 

20  between  said  sections. 
4.  A  platform  (10)  as  claimed  in  claim  3,  wherein 

said  metallic  connectors  (26,  126,  226)  are 
threaded  for  interconnection. 

5.  A  platform  (10)  as  claimed  in  claim  3,  wherein 
25  said  metallic  connectors  (26,  126,  226)  are  welded 

together. 
6.  A  platform  (10)  as  claimed  in  any  preceding 

claim,  wherein  said  carbon  fibers  (30,  130)  have  a 
parallel-lay. 

30  7.  A  platform  (10)  as  claimed  in  any  preceding 
claim,  wherein  said  composite  structure  (22,  122, 
222)  further  includes  longitudinally  oriented 
aramid  fibers  (32,  132). 

8.  A  platform  (1  0)  as  claimed  in  claim  7,  wherein 
35  said  aramid  fibers  (32,  132)  are  helically  wound. 

9.  A  platform  (10)  as  claimed  in  any  of  claims  1 
to  6,  wherein  said  composite  structure  (22,  122, 
222)  further  includes  longitudinally  oriented  glass 
fibers  (32,  132). 

40  10.  A  platform  (10)  as  claimed  in  claim  9, 
wherein  said  glass  fibers  (32,  132)  are  helically 
wound. 

11.  A  platform  (10)  as  claimed  in  any  preceding 
claim,  wherein  said  carbon  fibers  (30,  130)  have  a 

45  low  pitch  angle  helical  wind. 
12.  A  platform  (10)  as  claimed  in  any  preceding 

claim,  wherein  said  resin  matrix  is  a  thermoset 
resin. 

13.  A  platform  (10)  as  claimed  in  any  of  claims  1 
so  to  11,  wherein  said  resin  matrix  is  a  thermoplastic 

resin. 
14.  A  platform  (10)  as  claimed  in  any  preceding 

claim,  wherein  said  carbon  fibers  (30,  130)  have 
an  elastic  modulus  in  excess  of  30  million  psi  (210 

55  million  kN/m2). 

Patentanspruche 

1.  Schwimmende  Spannbeinplattform  (10),  bei 
60  der  eine  Anzahl  von  im  wesentiichen  vertikal 

orientierten,  axial  gespannten  Muring-Elementen 
(18)  so  verbunden  ist,  dafS  sie  zwischen  einer  auf 
einer  Meeresboden  (16)  ortlich  festgelegten  Ver- 
ankerungseinrichtung  (20)  und  der  Schwimm- 

65  piattform  (12)  konstant  unter  Spannung  stehen, 
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dadurch  gekennzeichnet,  da(5  die  axial  gespann- 
:en  Muring-Elemente  (18)  ein  zusammengesetzter 
\ufbau  mit  einer  Anzahl  von  in  Langsrichtung 
srientierten  Kohlenstoffasern  (30,  130),  eingebet- 
:et  in  einer  Harzmatrix  sind. 

2.  Plattform  (10)  nach  Anspruch  1,  bei  der  die 
axial  unter  Spannung  stehenden  Muring-Ele- 
nente  (18)  im  Querschnitt  rohrformig  sind. 

3.  Plattform  (10)  nach  Anspruch  1  oder  2,  bei 
der  die  axial  unter  Spannung  stehenden  Muring- 
Elemente  (18)  in  Teilstiicken  (22,  122,  222)  sind 
jnd  metallischeVerbindungsglieder(26,  126,  226) 
aufweisen,  die  zwischen  den  Teilstiicken  ange- 
Drdnet  sind. 

4.  Plattform  (10)  nach  Anspruch  3,  bei  der  die 
metallischen  Verbindungsglieder  (26,  126,  226) 
2ur  Verbindung  verschraubt  sind. 

5.  Plattform  (10)  nach  Anspruch  3,  bei  der  die 
metallischen  Verbindungsglieder  (26,  126,  226) 
miteinander  verschweilSt  sind. 

6.  Plattform  (10)  nach  einem  beliebigen  vorher- 
gehenden  Anspruch,  bei  der  die  Kohlenstoffasern 
(30,  130)  einen  parallelen  Schlag  aufweisen. 

7.  Plattform  (10)  nach  einem  beliebigen  vorher- 
gehenden  Anspruch,  bei  der  der  zusammenge- 
setzte  Aufbau  (22,  122,  222)  weiter  in  Langsrich- 
tung  orientierte  Aramidfasern  (32,  132)  enthalt. 

8.  Plattform  (10)  nach  Anspruch  7,  bei  der  die 
Aramidfasern  (32,  132)  schraubenfdrmig  gewun- 
den  sind. 

9.  Plattform  (10)  nach  einem  beliebigen  der 
Anspruche  1  bis  6,  bei  der  der  zusammengesetzte 
Aufbau  (22,  122,  222)  weiter  in  Langsrichtung 
orientierte  Glasfasern  (32,  132)  enthalt. 

10.  Plattform  (10)  nach  Anspruch  9,  bei  der  die 
Glasfasern  (32,  132)  schraubenfdrmigen  gewun- 
den  sind. 

11.  Plattform  (10)  nach  einem  beliebigen  vor- 
hergehenden  Anspruch,  bei  der  die  Kohlenstoffa- 
sern  (30,  130)  eine  schraubenformige  Wicklung 
mit  niedrigem  Neigungswinkel  aufweisen. 

12.  Plattform  (10)  nach  einem  beliebigen  vor- 
hergehenden  Anspruch,  bei  der  die  Harzmatrix 
ein  in  Warme  aushartendes  Harz  ist. 

13.  Plattform  (10)  nach  einem  beliebigen  der 
Anspruche  1  bis  11,  bei  der  die  Harzmatrix  ein 
Thermoplastharz  ist. 

14.  Plattform  (10)  nach  einem  beliebigen  vor- 
hergehenden  Anspruch,  bei  der  die  Kohlenstoffa- 
sern  (30,  130)  einen  30  Millionen  psi  (210  Millio- 
nen  kN/m2)  uberschreitenden  Elastizitatsmodul 
aufweisen. 

Revendications 

1.  Plate-forme  flottante  a  cables  tendus  (10), 

dans  laquelle  un  certain  nombre  d  elements 
d'amarrage  (18)  orientes  a  peu  pres  verticale- 
ment,  tendus  axialement,  sont  connectes  de 
maniere  a  etre  constamment  sous  tension  entre 

s  des  moyens  d'ancrage  (20)  situes  sur  le  fond  (16) 
de  la  mer  et  la  plate-forme  flottante  (12),  caracte- 
risee  en  ce  que  les  elements  d'amarrage  (18) 
tendus  axialement  sont  constitues  par  une  struc- 
ture  composite  faite  d'une  serie  de  fibres  de 

io  carbone  orientees  longitudinalement  (30,  130) 
noyees  dans  une  matrice  de  resine. 

2.  Plate-forme  (10)  selon  la  revendication  1, 
dans  laquelle  les  elements  d'amarrage  (18)  ten- 
dus  axialement  ont  une  section  tubulaire. 

15  3.  Plate-forme  (10)  selon  la  revendication  1  ou  2, 
dans  laquelle  les  elements  d'amarrage  (18)  ten- 
dus  axialement  sont  realises  en  sections  (22,  122, 
222)  et  comportent  des  raccords  metalliques  (26, 
126,  226)  disposes  entre  les  sections. 

20  4.  Plate-forme  (10)  selon  la  revendication  3, 
dans  laquelle  les  raccords  metalliques  (26,  126, 
226)  sont  filetes  pour  leur  assemblage  mutuel. 

5.  Plate-forme  (10)  selon  la  revendication  3, 
dans  laquelle  les  raccords  metalliques  (26,  126, 

25  226)  sont  soudes  les  uns  aux  autres. 
6.  Plate-forme  (10)  selon  I'une  des  revendica- 

tions  precedentes,  dans  laquelle  les  fibres  de 
carbone  (30,  130)  sont  disposees  parallelement. 

7.  Plate-forme  (10)  selon  I'une  des  revendica- 
30  tions  precedentes,  dans  laquelle  la  structure  com- 

posite  (22,  122,  222)  comprend  en  outre  des  fibres 
d'aramide  (32,  132)  orientees  longitudinalement. 

8.  Plate-forme  (10)  selon  la  revendication  7, 
dans  laquelle  les  fibres  d'aramide  (32,  132)  sont 

35  enroulees  en  helice. 
9.  Plate-forme  (10)  selon  I'une  des  revendica- 

tions  1  a  6,  dans  laquelle  la  structure  composite 
(22,  122,  222)  comprend  en  outre  des  fibres  de 
verre  (32,  132)  orientees  longitudinalement. 

40  10.  Plate-forme  (10)  selon  la  revendication  9, 
dans  laquelle  les  fibres  de  verre  (32,  132)  sont 
enroulees  en  helice. 

11.  Plate-forme  (10)  selon  I'une  des  revendica- 
tions  precedentes,  dans  laquelle  les  fibres  de 

45  carbone  (30,  130)  sont  enroulees  en  helice  avec 
un  faible  angle  d'attaque. 

12.  Plate-forme  (10)  selon  I'une  des  revendica- 
tions  precedentes,  dans  laquelle  la  matrice  de 
resine  est  une  resine  thermodurcissable. 

so  13.  Plate-forme  (10)  selon  I'une  des  revendica- 
tions  1  a  11,  dans  laquelle  la  matrice  de  resine  est 
une  resine  thermoplastique. 

14.  Plate-forme  (10)  selon  I'une  des  revendica- 
tions  precedentes,  dans  laquelle  les  fibres  de 

55  carbone  (30,  130)  ont  un  module  d'elasticite  supe- 
rieur  a  (210  millions  de  kN/m2)  30  millions  de  psi. 

60 

65 

5 



EP  0 1 6 9   046  B1 


	bibliography
	description
	claims
	drawings

