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A  lining  laminate  for  a  pipeline  and  an  operation  method  thereof. 

©  A  lining  laminate  (6)  for  lining  pipe  lengths  (1a, 
1b)  to  be  connected  to  each  other  comprises  a 
woven  fabric  (10)  impregnated  with  a  liquid  plasti- 
cizer,  a  pressure  sensitive  adhesive  layer  (9)  and  a 
lining  tube  (11).  This  lining  laminate  (6)  is  adhered  to 
inner  peripheral  surfaces  of  connected  pipe  lengths 
(1a,  1b),  and  a  pressure  sensitive  adhesive  (8a)  fills 
in  an  annular  space  (c)  produced  in  an  expansion 
joint  portion  for  connecting  pipe  lengths  (1a,  1b)  to 
each  other. 

F I G .   5  

51  5 3  

58  56a  5 6 b  6 0  5 4  

Xerox  Copy  Centre 



EP  0  344  896  A1 

A  LINING  LAMINATE  FOR  A  PIPELINE  AND  AN  OPERATION  METHOD  THEREOF 

an  actual  circumstance  that  the  damage  of  the 
expansion  joint  due  to  the  sliding  of  such  a  joint 
during  the  occurrence  of  an  earthquake  can  not 
sufficiently  be  prevented. 

5  Furthermore,  according  to  this  prior  technique, 
the  portion  corresponding  to  the  above  annular 
space  forms  a  connecting  portion  in  the  lining,  so 
that  when  a  rapid  force  such  as  a  earthquake  or  the 
like  is  applied  to  the  connecting  portion,  the  peel- 

io  ing  and  breakage  of  the  connecting  portion  are  still 
likely  to  be  caused;  while  the  annular  space  is 
enlarged,  even  under  the  action  of  moderate  force 
such  as  temperature  change  or  the  like,  to  cause 
flowing  of  the  pressure  sensitive  adhesion  layer 

75  disposed  in  the  connecting  portion,  and  thinly 
stretch  the  lining  tube.  As  a  result,  the  lining  tube 
becomes  brittle  and  the  service  life  of  the  pipe 
undesirably  becomes  shorter. 

In  addition,  when  in  use  with  the  connecting 
20  portion  between  the  above  known  pipe  lengths,  the 

lining  structure,  particularly  the  lining  structures  at 
the  expansion  joint  portion,  has  the  following 
drawbacks: 

In  the  case  where  the  lining  layer  is  not  in- 
25  eluded  in  the  pipe  length,  and  the  pipe  length  uses 

the  bellows  or  sleeve  type  expansion  joint,  the  end 
portion  of  the  pipe  length  is  likely  to  be  broken  by 
galling  under  the  influence  of  sand  and  the  like 
contained  in  the  flowing  water,  as  previously  men- 

30  tioned,  and  also  the  sliding  face  of  the  seal  or  the 
like  is  corroded,  thereby  shortening  the  service  life 
of  the  seal. 

In  case  of  the  pipe  length  provided  with  a  lining 
layer,  the  influence  of  sand  in  the  flowing  water  is 

35  less.  However,  since  the  lining  tube  is  frequently 
bonded  to  the  inner  surface  of  the  pipe  length  by 
an  adhesive,  the  lining  tube  and  the  adhesive  layer 
cannot  cope  with  moderate  stretching  of  the  pipe 
length  accompanied  with  termperature  change,  or 

40  the  rapid  sliding  of  the  pipe  due  to  an  earthquake 
or  the  like.  In  other  words,  the  lining  cannot  follow 
the  stretching  of  the  expansion  joint.  For  example, 
when  the  pipe  length  contracts  due  to  a  tempera- 
ture  drop  (for  example  during  the  winter  or  night) 

45  thereby  causing  an  enlargement  of  the  annular 
space,  or  when  the  pressure  inside  the  pipe  under- 
goes  a  large  change,  a  portion  of  the  lining  tube 
corresponding  to  the  annular  space  portion  in  the 
joint  is  elongated  to  reduce  the  thickness  of  the 

so  tube  or  form  a  recess  or  protrusion.  Further,  a 
loading  which  is  associated  with  the  ordinary 
stretching  is  always  added  to  the  lining  tube  in 
addition  to  the  above  stretching,  whereby  the  lining 
tube  becomes  uneven,  and  as  a  result  the  deg- 
radation  of  the  lining  tube  is  thereby  shortening  the 

This  invention  relates  to  a  pipe  length  provided 
with  a  lining  laminate  containing  a  pressure  sen- 
sitive  adhesive  and  an  operation  method  thereof. 
Particularly,  it  relates  to  a  pipe  length  usable  for 
improving  various  existing  pipelines;  transportation 
of  an  abrasive  fluid  such  as  slurry,  particles, 
dredged  sand  and  stone  or  the  like;  transportation 
of  a  corrosive  fluid  such  as  sea  water,  CO2  gas, 
sour  gas  or  the  like;  transportation  of  reserved 
water  in  water-power  generation;  transportation  of 
service  water  and  sewage  and  transportation  of  hot 
water  in  geothermal  power  generation,  such  as 
from  hot  spring  and  the  like  as  well  as  an  operation 
method  thereof. 

At  the  present,  a  method  wherein  water  re- 
served  in  a  dam  is  led  up  to  a  position  having  a 
large  water  falling  difference  through  a  water  pas- 
sage  tunnel  and  passed  therefrom  through  an  iron 
water  pressure  pipe  to  a  power  plant  is  adopted  as 
a  technique  for  the  transportation  of  reserved  water 
in  water-power  generation. 

In  such  a  known  method,  it  is  common  to 
arrange  sand  settling  equipment  on  an  inlet  of  the 
water  passage  tunnel  for  removing  sand.  Still, 
sand-containing  wafer  passes  through  the  iron  wa- 
ter  pressure  pipe  at  a  high  speed  of  2-10  m/sec, 
so  there  is  a  drawback  that  the  degree  of  wearing 
of  the  iron  pipe  becomes  conspicuous.  For  exam- 
ple,  in  a  connecting  portion  between  the  pipes 
through  an  expansion  joint,  an  annular  space  for 
expansion  is  arranged  for  overcoming  the  tempera- 
ture  difference  (about  80  °C)  resulting  from  the 
difference  between  day  and  night,  season  change 
and  the  like.  In  this  case,  sand  contained  in  the 
flowing  water  is  entrapped  in  the  annular  space  to 
cause  a  so-called  strong  erosion,  and  also  this 
erosion  is  promoted  due  to  cavitation  produced  by 
whirl  flow,  whereby  the  service  life  of  the  pipe  is 
considerably  shortened.  The  settlement  of  earth 
and  sand  is  particularly  likely  to  be  caused  in  the 
annular  space  arranged  in  the  connecting  portion 
through  the  expansion  joint.  Considering,  for  exam- 
ple,  a  case  wherein  an  earthquake  occurs  during 
such  a  sedimentated  state,  and  the  iron  pipe  slides 
in  the  axial  direction  of  the  pipe  in  such  a  way  that 
sand  is  entrapped  in  the  annular  space;  one  typical 
result  is  that  a  rubber  ring  for  sealing  which  is 
housed  in  the  space  could  be  injured  hence  caus- 
ing  water  leakage. 

For  this  connection,  the  inventor  has  previously 
proposed  a  method  of  improving  the  existing  water 
pressure  pipe  as  a  technique  for  solving  problems 
in  water  pressure  pipes,  details  of  which  are  dis- 
closed  in  Japanese  laid  open  Patent  No.  61- 
282687.  Even  in  this  prior  technique,  however,  it  is 
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part  of  said  end  portion,  and  a  pressure  sensitive 
adhesive  which  fills  the  remainder  of  said  annular 
space 

In  a  further  embodiment  according  to  the 
5  above  mentioned  first  aspect  of  the  present  inven- 

tion  there  is  provided  a  pipe  length  provided  with  a 
lining  laminate  having  an  outer  sleeve  which  outer 
sleeve  is  fitted  to  an  outer  surface  of  an  end 
portion  of  the  pipe  length  which  pipe  length  is  to 

70  be  connected  thereby  to  another  pipe  length 
through  a  pair  of  flanges,  and  a  rubber  ring  which 
is  interposed  between  the  flange  and  a  tapered  end 
portion  of  the  outer  sleeve,  and  wherein  the  pres- 
sure  sensitive  adhesive  fills  in  a  space  between  the 

75  outer  sleeve  and  an  end  of  the  pipe  length  to  be 
connected  thereto. 

In  a  further  embodiment  according  to  the 
above  mentioned  first  aspect  of  the  present  inven- 
tion  there  is  provided  a  pipe  length  provided  with  a 

20  lining  laminate  wherein  one  of  pipe  lengths  to  be 
connected  is  fitted  into  an  end  portion  of  another 
pipe  length,  and  a  rubber  ring  is  inserted  in  a 
space  between  the  fitted  pipe  lengths,  and  the 
resulting  assembly  is  fixed  under  pressure  through 

25  a  ground  cover,  and  the  pressure  sensitive  adhe- 
sive  fills  in  a  space  produced  in  the  connecting 
portion  between  the  pipe  lengths. 

In  a  further  embodiment  according  to  the 
above  mentioned  first  aspect  of  the  present  inven- 

30  tion  there  is  provided  a  pipe  length  provided  with  a 
lining  laminate  wherein  one  of  pipe  lengths  to  be 
connected  is  fitted  into  an  end  portion  of  another 
pipe  length,  and  a  rubber  ring  is  inserted  in  a 
space  between  the  fitted  pipe  lengths,  and  the 

35  resulting  assembly  is  fixed  under  pressure  through 
a  ground  cover,  and  the  pressure  sensitive  adhe- 
sive  fills  in  a  space  defined  between  the  inner 
peripheral  surface  and  the  contacting  surface  of  the 
pipe  and  also  a  space  defined  between  joint  faces 

40  of  the  pipe  lengths. 
In  other  preferred  embodiments  according  to 

the  first  aspect  of  the  present  invention,  a  reinforc- 
ing  sheet  constituting  the  core  of  a  pressure  sen- 
sitive  adhesive  double  coated  sheet  has  a  rigidity 

45  enough  to  withstand  the  shearing  yield  stress  of 
the  pressure  sensitive  adhesive  and  also  has  good 
aging  and  degradation  resistances.  The  pressure 
sensitive  adhesive  has  a  shearing  yield  stress  of 
not  less  than  a  friction  force  between  the  flowing 

so  water  and  the  tube  wall.  Moreover,  a  separation 
sheet  is  embedded  in  the  pressure  sensitive  adhe- 
sive,  which  pressure  sensitive  adhesive  fills  in  the 
annular  space,  and  is  made  from  a  material  such 
as  vinyl  sheet  or  the  like,  and  obstructs  and/or 

55  restrains  diffusion  of  the  liquid  plasticizer.  In  addi- 
tion,  a  woven  fabric  impregnated  with  the  pressure 
sensitive  adhesive  is  used  instead  of  the  woven 
fabric  impregnated  with  the  liquid  plasticizer;  and 

service  life  of  the  pipe. 
Even  in  case  of  a  pipe  length  provided  with  a 

lining  using  a  pressure  sensitive  adhesive  sheet,  it 
is  impossible  to  supplement  the  pressure  sensitive 
adhesive  sheet  by  an  amount  corresponding  to  the 
increase  of  volume  in  the  annular  space  portion 
produced  by  the  contraction  of  the  pipe,  hence  the 
lining  layer  may  still  be  rendered  uneven  and  the 
peeling  or  breakage  of  the  lining  tube  in  the  con- 
necting  portion  between  the  pipe  lengths  may  still 
occur,  thereby  injuring  the  seal. 

In  general,  defects  such  as  rust,  scale,  scab 
and  the  like  are  existent  on  the  inner  surface  of  the 
pipe  length  and  are  usually  caused  by  faults.  If  the 
pipeline  is  formed  by  forming  the  lining  under 
inadequate  ambient  conditions,  high  pressure  gas, 
corrosion  products  and  the  like  remain  in  the  faulty 
portions  during  use  over  long  periods  and  cause 
blistering  in  the  lining  layer,  whereby  the  durability 
of  the  lining  tube  is  lowered.  Furthermore,  a  non- 
adhesive  portion  of  the  lining  is  generated  on  a 
weld  bead  portion  on  the  inner  surface  of  the 
welded  joint  between  the  pipe  lengths.  Moreover, 
when  the  lining  tube  is  drawn  into  the  inside  of  the 
pipe  lengths,  there  results  a  problem  of  the  peeling 
off  of  the  pressure  sensitive  adhesion  layer  from 
the  lower  portion  of  the  lining  tube. 

It  is,  therefore,  an  object  of  the  present  inven- 
tion  to  provide  a  novel  lining  laminate  structure  for 
a  pipe  length  which  is  capable  of  solving  the  above 
problems  of  the  conventional  techniques,  and  an 
operation  method  thereof. 

According  to  a  first  aspect  of  the  invention, 
there  is  provided  a  pipe  length  provided  with  a 
lining  laminate,  wherein  individual  pipe  lengths  are 
connected  to  each  other  through  an  expansion- 
joint,  and  a  lining  tube  is  disposed  upon  the  inner 
surface  of  the  pipe  by  use  of  a  pressure  sensitive 
adhesive,  characterized  in  that  said  pressure  sen- 
sitive  adhesive  not  only  fills  in  an  annular  space  in 
a  connecting  portion  between  said  pipe  lengths 
through  said  expansion  joint,  but  is  also  interposed 
between  said  pipe  length  and  said  lining  tube 
whilst  being  reinforced  with  a  sheet,  and  a  woven 
fabric  impregnated  with  a  liquid  plasticizer  contain- 
ing  a  rust  preventive  agent  is  interposed  between 
said  pressure  sensitive  adhesive  and  said  pipe 
length. 

In  a  further  embodiment  according  to  the 
above  mentioned  first  aspect  of  the  present  inven- 
tion  there  is  provided  a  rigid  outer  sleeve  provided 
at  its  inner  peripheral  surface  with  a  plurality  of 
protrusions,  said  outer  sleeve  being  fitted  to  an 
outer  surface  of  an  end  portion  of  said  pipe  length, 
which  pipe  length  is  to  be  connected  thereby  to 
another  pipe  length,  and  a  rubber  ring  and  a  rubber 
band  which  are  disposed  within  an  annular  space 
defined  between  the  outer  sleeve  and  a  tapered 
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Fig.  6  is  a  graph  showing  the  relationship 
between  shearing  tensile  velocity  and  shearing 
yield  stress  in  the  pressure  sensitive  adhesive 
shown  in  figure  5; 

5  Fig.  7  is  a  sectional  view  illustrating  the 
lining  operation  for  a  pipe  length; 

Fig.  8  is  a  view,  partly  in  section,  of  the  end 
portion  of  a  pipe  length; 

Fig.  9a  to  9d  are  schematic  views  illustrating 
10  steps  for  lining  a  curved  pipe  length;  and 

Figs.  10a  and  10b  are  schematic  views  illus- 
trating  steps  for  lining  a  branched  pipe  length. 

It  is  a  first  important  point  that  woven  fabric 
rs  impregnated  with  liquid  plasticizer  is  interposed 

between  a  pipe  length  and  a  pressure  sensitive 
adhesive  double  coated  sheet. 

The  woven  fabric  is  desirably  made  from  a 
material  having  a  degree  of  rigidity,  particularly  a 

20  material  having  a  rigidity  that  is  high  enough  to 
reduce  shearing  yield  stresses  subjected  to  a  lining 
tube  made  of  a  material  having  a  high  elasticity 
such  as  flexible  rubber  or  the  like. 

The  liquid  plasticizer  impregnated  in  the  woven 
25  fabric  is  a  substance  which  acts  upon  the  pressure 

sensitive  adhesive  sheet  and  the  pressure  sensitive 
adhesive  which  fills  in  the  annular  space  of  the 
expansion  joint  portion  to  enhance  the  plasticity 
thereof,  and  which  has  a  proper  viscosity  and  pen- 

30  etrates  into  gaps  of  the  woven  fabric  but  does  not 
flow  out  therefrom  due  to  its  deadweight  or 
squeeze  out  by  slight  stress. 

For  example,  a  solution  of  an  organic  rust 
preventive  agent  in  liquid  polybutene  resin  and/or  a 

35  mixture  of  liquid  polybutene  resin  and  an  inorganic 
rust  preventive  agent  may  be  used  as  a  plasticizer 
having  such  properties. 

If,  when  the  woven  fabric  impregnated  with  the 
liquid  plasticizer  is  interposed  between  the  pipe 

40  length  and  the  pressure  sensitive  adhesive  sheet,  a 
shift  in  position  between  the  pipe  length  and  the 
lining  tube  is  caused,  the  shear  stress  applied  to 
the  pressure  sensitive  adhesive  sheet  can  be  re- 
laxed  by  the  action  of  the  woven  fabric. 

45  As  shown  in  Fig.  5,  if  rust,  scale,  scab  and  the 
like  are  existent  on  the  inner  peripheral  surface  of 
the  pipe  length,  the  above  liquid  plasticizer  pene- 
trates  into  a  gap  portion  51  created  by  these  de- 
fects,  an  air  retaining  portion  52,  and  a  gap  portion 

so  in  a  weld  zone  53,  and  effectively  serves  to  prevent 
storing  of  high  pressure  gas  and  corrosive  sub- 
stance  therein. 

Further,  the  liquid  plasticizer  impregnated  in 
the  woven  fabric  54  serves  to  soften  the  pressure 

55  sensitive  adhesive  55  or  the  like,  which  fills  in  the 
annular  space  C  of  the  expansion  joint  portion,  and 
facilitate  the  flowing  thereof.  As  a  result,  when  the 
annular  space  C  between  the  pipe  lengths  is  re- 

the  lining  tube,  pressure  sensitive  adhesive  and  the 
woven  fabric  impregnated  with  the  pressure  sen- 
sitive  adhesive  are  clamped  in  an  airtight  manner 
by  means  of  a  flange  arranged  on  the  end  portion 
of  the  pipe  length. 

According  to  a  second  aspect  of  the  invention, 
there  is  provided  a  method  of  forming  a  long 
pipeline  by  connecting  pipe  lengths  to  each  other 
through  at  least  one  intermediate  expansion  joint 
and  arranging  a  lining  tube  on  an  inner  peripheral 
surface  of  a  pipe  length  through  a  pressure  sen- 
sitive  adhesive,  which  comprises  initially  setting 
pressure  sensitive  adhesive  in  a  ring-like  form  in  an 
annular  space  portion  defined  by  an  expansion 
joint; 
folding  the  lining  tube  in  to  a  flat  form  and  at  the 
same  time  piling  and  mounting  a  pressure  sensitive 
adhesive  double  coated  sheet,  embedding  a  re- 
inforcing  sheet,  therein,  and  a  woven  fabric  impreg- 
nated  with  a  liquid  plasticizer  on  upper  and  lower 
faces  of  the  folded  lining  tube; 
rounding  the  folded  lining  tube,  provided  with  the 
pressure  sensitive  adhesive  sheet  and  the  woven 
fabric,  into  a  cylindrical  form,  spirally  winding  a 
fastening  string  around  the  lining  tube,  drawing  the 
rounded  lining  tube  into  an  inside  of  an  end  portion 
of  the  pipe  length  by  the  guidance  of  a  wire  rope 
and  passing  it  through  the  pipe  length; 
fixing  a  rear  end  portion  of  the  lining  tube  to  the 
inner  peripheral  surface  of  the  end  portion  of  the 
pipe  length  at  a  lead-in  side  of  the  pipe  length,  and 
arranging  a  launcher  for  a  pig  member  at  the  lead- 
in  side  of  the  pipe  length  and  a  catcher  for  the  pig 
member  at  a  feed-out  side  of  the  pipe  length; 
fitting  the  pig  member  arranged  in  the  launcher,  the 
pig  member  having  a  freely  reduceable  diameter 
which  is  normally  larger  than  the  diameter  of  the 
lining  tube,  into  a  rear  opening  portion  of  the  lining 
tube;  and 
pumping  compressed  air  into  the  launcher  to  pres- 
surize  a  back  face  of  the  pig  member  and  simulta- 
neously  sucking  air  from  the  catcher  to  progress 
the  pig  member  forward,  whereby  the  folded  lining 
tube  is  successively  enlarged  to  push  and  adhere 
to  the  inner  peripheral  surface  of  the  pipe  length. 

An  embodiment  of  the  invention  will  now  be 
described  by  way  of  example  and  with  reference  to 
the  accompanying  drawings,  wherein: 

Figs.  1  to  4  are  views,  partly  in  section,  of 
various  embodiments  of  an  expansion  joint  portion 
in  a  pipe  length  in  accordance  with  the  invention; 

Fig.  5  is  a  schematic  view  illustrating  the 
behaviour  of  a  separation  sheet  containing  pressure 
sensitive  adhesive  and  liquid  plasticizer  in  the  ex- 
pansion  joint  portion  shown  in  figures  1  to  4; 
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panied  with  the  flowing  of  fluid  in  the  pipe,  so 
pressure  sensitive  adhesives  having  a  limit  shear- 
ing  stress  larger  than  the  above  friction  force  are 
used. 

s  For  example,  when  a  rapid  external  force  such 
as  an  earthquake  is  applied  to  the  pipe,  the  pres- 
sure  sensitive  adhesive  filling  in  the  annular  space 
serves  to  prevent  displacement  between  the  pipe 
and  lining  tube  through  dash-pot  action.  Further, 

io  this  adhesive  is  displaced  by  elastic  stretching  of 
the  joint  as  a  rigid  body,  but  it  shows  a  large 
viscosity  resistance  to  such  a  displacement  to  ab- 
sorb  vibrations  accompanied  with  this  displace- 
ment.  On  the  other  hand,  a  small  shearing  force 

15  acts  upon  the  moderate  displacement,  accompa- 
nied  with  the  change  of  temperature,  water  tem- 
perature  or  the  like,  such  as  stretching  in  the  axial 
direction  of  the  pipe,  so  that  the  pressure  sensitive 
adhesive  flows  like  a  liquid  to  relax  the  stresses 

20  upon  such  a  displacement. 
In  general,  the  pressure  sensitive  adhesive  has 

a  velocity  (time)  dependency  as  shown  in  Fig.  6 
and  also  has  a  temperature  dependency.  That  is, 
the  viscosity  increases  as  the  temperature  lowers. 

25  Furthermore,  the  limit  shearing  yield  stress  Sc  dif- 
fers  in  accordance  with  the  thickness  of  the  pres- 
sure  sensitive  adhesive,  which  is  in  inverse  propor- 
tion  to  the  thickness. 

The  shearing  yield  stress  of  the  pressure  sen- 
30  sitive  adhesive  was  measured  at  various  velocities, 

under  the  following  conditions,  to  determine  the 
limit  shearing  yield  stress  Sc  at  a  lowest  tempera- 
ture. 

duced  by  the  action  of  a  moderate  force,  such  a 
temperature  change,  or  by  the  action  of  a  rapid 
force,  such  as  an  earthquake,  or  the  like,  the 
softened  and  easily  flowing  pressure  sensitive  ad- 
hesive  55  flows  in  the  longitudinal  direction  of  the 
woven  fabric  and  dispersedly  penetrates  into  the 
woven  fabric  to  absorb  so-called  extra  adhesive 
and  liquid  plasticizer.  On  the  other  hand,  when  the 
annular  space  C  is  inversely  enlarged,  the  pressure 
sensitive  adhesive  55  moves  from  the  woven  fabric 
54  toward  the  annular  space  C  and  also  the  liquid 
plasticizer  oozes  from  the  woven  fabric  toward  the 
space  C. 

A  second  important  feature  of  the  pipe  length 
lies  in  that  the  above  high  viscosity  and  non-drying 
pressure  sensitive  adhesive  fills  the  annular  space 
C  created  in  the  so-called  expansion  joint.  This 
pressure  sensitive  adhesive  is  a  substance  exhibit- 
ing  a  rheological  (viscoelastic)  behavior.  That  is, 
this  substance  flows  gently,  like  a  liquid,  under  a 
moderate  loading  such  as  a  temperature  change 
and  exhibits  a  solid-like  behavior  under  the  action 
of  a  rapid  external  force  such  as  an  earthquake. 
Therefore,  the  pressure  sensitive  adhesive  showing 
elastic  deformation  is  required  to  have  a  penetra- 
tion  degree  of  30-100*  ,  preferably  30-50°  . 

Fig.  6  shows  a  relationship  between  shearing 
tensile  velocity  V  and  shearing  yield  stress  S  in  the 
pressure  sensitive  adhesive.  As  seen  from  Fig.  6, 
the  shearing  yield  stress  S  reduces  with  the  de- 
crease  of  the  shearing  tensile  velocity  V,  as  a 
property  of  the  pressure  sensitive  adhesive  used  in 
the  invention,  but  it  does  not  drop  below  a  limit 
shearing  stress  Sc  of  80  g/cm2.  This  means  that 
when  a  shearing  force  over  the  limit  shearing 
stress  Sc  is  applied  to  the  pressure  sensitive  adhe- 
sive  at  a  very  slow  velocity,  the  adhesive  flows  like 
a  liquid. 

In  case  of  the  usual  solid  adhesive,  the  shear- 
ing  adhesion  strength  is  10-25  kg/cm2,  which  is 
very  large  compared  with  that  of  the  pressure 
sensitive  adhesive.  Hence,  when  an  external  force 
over  the  above  value  is  applied  to  the  solid  adhe- 
sive,  adhesion  breakage  occurs  which  is  different 
to  the  case  of  the  pressure  sensitive  adhesive. 

The  pressure  sensitive  adhesive  according  to 
the  invention  is  a  non-crosslinking,  high  molecular 
weight  polymer  permanently  exhibiting  an  adhesion 
property,  however,  it  is  not  solidified  by  drying  or 
polymerization.  This  differs  from  the  case  of  a  solid 
adhesive,  which  is  produced,  for  example,  by  mix- 
ing  an  elastomer  (natural  rubber,  butyl  rubber),  a 
plasticizer  (polybutene  resin),  a  filler,  an  antiox- 
idant,  a  thickener  (talc  powder,  calcium  carbonate 
power,  clay)  and  the  like  according  to  a  given 
mixing  ratio. 

The  pressure  sensitive  adhesive  i-s  required  to 
hold  a  friction  force  against  a  pipe  wall  accom- 

35 
Test  temperature: 

Lowest  temperature  in  a  region  for  arranging 
pipe  lengths 

40 

Material  used  as  the  pressure  sensitive  adhesive: 

Same  composition  as  in  the  pressure  sensitive 
45  adhesive  sheet  used  for  lining  the  pipe  length 

Thickness  of  pressure  sensitive  adhesive: 

Same  thickness  as  in  the  pressure  sensitive 
adhesive  sheet  used  for  lining  the  pipe  length 

50 

Outside  of  lining  tube: 

Between  the  inner  peripheral  surface  of  the 
pipe  length  and  the  lining  tube,  pressure  sensitive 
adhesive  layers  56a  and  56b  are  arranged  thereby 

55 
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sandwiching  a  reinforcing  sheet  58  as  a  core  and 
having  a  sufficient  durability  to  the  limit  shearing 
yield  stress  Sc  at  the  lowest  temperature,  as  shown 
in  Fig.  5.  When  the  pipe  length  is  stretched  by  a 
temperature  change  or  the  like,  the  lining  tube  is 
not  elongated  owing  to  pressure  sensitive  layers 
56a  and  56b  and  the  reinforcing  sheet  58,  while  the 
woven  fabric  54  impregnated  with  the  liquid  plasti- 
cizer  corresponds  to  such  an  elongation  of  the  pipe 
and  hence  the  plasticizer  flows  out  from  the  woven 
fabric  to  cause  stress  relaxation. 

The  pressure  sensitive  adhesive  fills  in  the 
annular  space  C  to  such  an  extent  that  the  pres- 
sure  sensitive  adhesive  expands  toward  the  inner 
surface  side  of  the  pipe  length  upon  the  instigation 
of  stretching  of  the  annular  space.  When  the  pres- 
sure  sensitive  adhesive  55  fills  to  such  an  extent 
that  the  inner  face  of  the  lining  tube  protrudes 
inward,  the  lining  tube  in  the  expansion  joint  portion 
initially  expands,  and  finally  becomes  flat.  That  is, 
since  the  woven  fabric  54  impregnated  with  the 
liquid  plasticizer  is  interposed  between  the  inner 
peripheral  surface  of  the  pipe  lengths  50a,  50b  and 
the  outer  peripheral  surface  of  the  pressure  sen- 
sitive  adhesive  layer  56a,  when  a  pressure  is  ap- 
plied  to  the  inside  of  the  pipe  length,  the  liquid 
plasticizer  oozes  out  from  the  woven  fabric  to  soft- 
en  only  the  pressure  sensitive  adhesive 
therearound.  Consequently,  only  the  softened  pres- 
sure  sensitive  adhesive  flows  and  diffuses  in  the 
axial  direction  of  the  pipe  length,  and  the  woven 
fabric  54  itself  moves  together  under  an  influence 
of  the  pressure  inside  the  pipe;  whereby  the  lining 
tube  is  held  at  a  flat  state. 

Moreover,  the  pressure  sensitive  adhesive  is 
softened  by  contact  with  the  liquid  plasticizer  which 
contact  lowers  it's  viscoelastic  (rheological)  prop- 
erty. 

Therefore,  in  order  to  achieve  the  result  that 
the  viscosity  of  the  pressure  sensitive  adhesive 
drops  considerably  due  to  the  influence  of  tem- 
perature,  to  prevent  the  rubber  ring  in  the  expan- 
sion  joint  degrading  in  a  hot  transportating  pipe  or 
the  like,  it  is  desirable  to  embed  the  separation 
sheet  57  in  the  pressure  sensitive  adhesive. 

A  material  impermeable  to  the  liquid  plasticizer 
is  used  as  the  separation  sheet  57.  By  embedding 
such  a  separation  sheet  57  in  the  pressure  sen- 
sitive  adhesive  55  at  the  annular  space,  the  viscos- 
ity  of  the  pressure  sensitive  adhesive  portion  55a 
not  contacting  with  the  liquid  plasticizer  is  made 
high.  Particularly,  the  use  of  the  separation  sheet 
57  effectively  acts,  and  largely  contributes,  to  pre- 
vent  the  degradation  of  the  rubber  ring  or,  if  being 
degraded,  the  leakage  of  fluid  from  the  expansion 
joint  portion,  because  the  pressure  sensitive  adhe- 
sive  portion  is  hard  outside  the  separation  sheet 
and  the  pressure  sensitive  adhesive  portion  inside 

the  separation  sheet  is  softened  by  the  plasticizer. 
Moreover,  the  pressure  sensitive  adhesive 

sheet  arranged  along  the  inner  peripheral  wall  of 
the  pipe  length  must  have  a  sufficient  durability  to 

5  the  friction  force  of  the  pipe  wall  against  the  fluid 
passing  through  the  pipe.  In  connection  with  the 
foregoing,  an  example  of  calculating  the  friction 
force  on  a  pipe  wall  under  conditions  that  the  inner 
diameter  of  the  pipe  length  is  24  cm,  the  length  of 

w  the  pipeline  is  1  km  and  the  pressure  loss  is  30 
kg/cm2,  is  disclosed  in  Japanese  laid  open  Patent 
No.  60-121380.  According  to  this  publication,  the 
friction  force  on  the  pipe  wall  is  1  .7  g/cm2,  which  is, 
typically,  a  large  friction  force.  Generally,  the  fric- 

75  tion  force  is  a  fair  amount  smaller  than  the  above 
value.  As  previously  mentioned,  the  limit  shearing 
yield  stress  should  be  larger  than  the  friction  force 
of  the  pipe  wall. 

When  the  space  of  the  annular  space  portion  C 
20  varies  in  accordance  with  stretch  sliding  of  the 

pipe,  the  relative  displacement  between  the  pipe 
length  50a,  50b  and  lining  tube  60  produces  a 
shear  stress  therebetween.  The  difference  in  ther- 
mal  expansion  coefficient  between  the  pipe  length 

25  and  the  lining  tube  also  contributes  to  the  shear 
stress.  Due  to  these  shear  stresses,  the  liquid 
plasticizer  impregnated  in  the  woven  fabric  54  is 
fluidized  at  an  interface  between  the  pipe  50a,  50b 
and  the  woven  fabric  54. 

30  Further,  when  uneven  portions  are  created  in 
the  inner  peripheral  surface  of  the  pipe  length  by 
the  welding  between  the  pipes  and  the  occurrence 
of  recesses  through  galling,  the  liquid  plasticizer  in 
the  woven  fabric  buries  these  uneven  portions  to 

35  make  the  inner  surface  of  the  lining  tube  flat.  In  this 
case,  it  is  important  that  proper  fludization  and 
thickness  are  given  to  the  pressure  sensitive  adhe- 
sive  layer  by  the  liquid  plasticizer  to  make  the 
inner  peripheral  surface  of  the  lining  tube  flat.  From 

40  this  viewpoint,  it  is  desirable  that  the  shearing  yield 
stress  of  the  pressure  sensitive  adhesive  is  not 
excessive. 

According  to  the  invention,  when  the  pressure 
sensitive  adhesive  sheet  is  formed  inside  the  pipe 

45  length,  a  pressure  sensitive  adhesive  double  coat- 
ed  sheet  is  first  adhered  to  the  outer  surface  of  the 
lining  tube,  and  then  the  thus  treated  lining  tube  is 
adhered  to  the  inner  peripheral  surface  of  the  pipe 
length.  The  pressure  sensitive  adhesive  double 

so  coated  sheet  is  formed  by  applying  a  pressure 
sensitive  adhesive  to  both  surfaces  of  a  reinforcing 
sheet,  as  a  core  body,  at  a  given  thickness.  More- 
over,  the  thickness  of  the  pressure  sensitive  adhe- 
sive  adhered  to  each  surface  of  the  sheet  must  be 

55  kept  unchanged  until  the  lining  tube  60  is  com- 
pletely  drawn  inside  the  pipe  lengths  50a,  50b, 
hence  the  pressure  sensitive  adhesive  is  preferably 
hard. 
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charge  the  remaining  air  during  the  enlargement  of 
the  lining  tube. 

As  shown  in  Fig.  8,  a  flange  81  is  attached  to 
an  end  of  a  pipe  length  80,  and  a  lining  tube  82,  a 

5  pressure  sensitive  adhesive  double  coated  sheet 
83  and  a  woven  fabric  84  are  sandwiched  between 
a  pair  of  fastening  members  85a  and  85b,  which 
are  clamped  through  a  gasket  86  by  means  of  a 
bolt  87  and  a  nut  88. 

w  Due  to  the  construction  of  the  pipe  length  end 
of  the  above  embodiment,  liquid  can  not  penetrate 
from  the  exterior  of  the  pipe  to  between  the  pipe 
length  and  the  lining  tube,  furthermore  the  liquid 
plasticizer  impregnated  in  the  woven  fabric  is  not 

75  squeezed  out  therefrom  to  the  outside.  In  this  case, 
a  high  viscosity  pressure  sensitive  adhesive  is  im- 
pregnated  in  the  end  portion  of  the  woven  fabric  84 
instead  of  the  liquid  plasticizer,  whereby  the  adhe- 
sion  property  of  the  woven  fabric  84  is  enhanced  to 

20  increase  the  airtightness  of  the  lining  laminate 
structure  at  the  end  portion  of  the  pipe  length. 

The  operation  method  of  arranging  the  lining 
tube  inside  the  pipeline,  including  the  expansion 
joints,  with  the  pressure  sensitive  adhesive  and 

25  woven  fabric  will  be  described  in  detail  below. 
The  operation  method  comprises  the  following 

steps: 
a.)  a  step  in  which  a  flexible  lining  tube 

covered  with  a  pressure  sensitive  adhesive  double 
30  coated  sheet  (pressure  sensitive  adhesive  layer) 

and  a  woven  fabric  impregnated  with  a  liquid  plasti- 
cizer  is  folded  and  rounded  as  shown  in  Fig.  7  and 
a  fastening  string  is  spirally  wound  ttierearound  for 
storing; 

35  b)  a  step  in  which  the  flexible  lining  tube 
stored  in  the  folded  state  is  drawn  from  an  end 
portion  of  a  pipeline  comprised  of  many  pipe 
lengths,  by  the  guidance  of  a  wire  rope,  and 
passed  therethrough  to  the  other  end  of  the  pipe- 

40  line; 
c)  a  step  in  which  ends  of  the  flexible  lining 

tube,  pressure  sensitive  adhesive  layer  and  woven 
fabric  are  adhered  and  fixed  to  a  flange  arranged 
on  an  inlet  end  portion  of  the  pipeline,  while  a 

45  launcher  for  a  pig  member  is  disposed  at  the  inlet 
end  of  the  pipeline  and  a  catcher  for  pig  member  is 
disposed  at  an  outlet  end  of  the  pipeline,  and  a  pig 
member  having  a  freely  reduceable  diameter  which 
is  normally  larger  than  the  diameter  of  the  pipe 

so  length  is  arranged  in  the  launcher  and  fitted  into  an 
opening  portion  of  the  flexible  lining  tube;  and 

d)  a  step  in  which  the  inside  of  the  pipeline 
is  held  under  vacuum  and  compressed  air  is 
pumped  into  the  launcher  to  pressurize  a  back  face 

55  of  the  pig  member  and  at  the  same  time  air  is 
sucked  out  from  the  catcher  (under  vacuum)  to 
project  the  pig  member  forward,  whereby  the  fol- 
ded  flexible  lining  tube  is  successively  enlarged 

In  addition,  the  thickness  of  the  pressure  sen- 
sitive  adhesive  applied  to  each  surface  of  the  sheet 
is  dependent  upon  the  function  of  the  adhesive, 
and  the  diameter  of  the  pipe  and  the  like,  it  is, 
however,  usually  about  1  mm.  Sheets  or  nonwoven 
fabrics  of  nylon,  tetron,  metal  and  the  like  may  be 
used  as  the  reinforcing  sheet.  In  other  words,  the 
reinforcing  sheet  58  and  the  woven  fabric  54  have 
a  proof  strength  durable  to  a  force  for  drawing  the 
lining  tube  into  the  pipe  lengths  and  do  not  stretch 
unnecessarily. 

Neotape  No.  5222  (trade  name,  made  by  Mat- 
sumura  Sekiyu  K.K.)  is  used  as  an  example  of  the 
pressure  sensitive  adhesive  double  coated  sheet. 
In  this  case,  the  pressure  sensitive  adhesive  has  a 
penetration  degree  of  30-45°  (according  to  JIS 
K2207,  25  *  C,  5  sec,  50  g).  The  reason  the  pene- 
tration  degree  is  limited  to  the  above  range  is 
based  on  the  fact  that  the  thickness  of  the  double 
coated  sheet  does  not  change  till  the  lining  tube 
adhered  with  this  sheet  is  drawn  into  the  inside  of 
the  pipe  lengths  after  transportation  from  the  stor- 
ing  position.  The  pressure  sensitive  adhesive  is 
softened  by  the  liquid  plasticizer  in  the  woven 
fabric  to  smoothen  the  uneven  portions  (weld 
beads  and  the  like)  on  the  inner  peripheral  surface 
of  the  pipe  length.  Similarly,  the  pressure  sensitive 
adhesive  filling  in  the  annular,  space  of  the  expan- 
sion  joint  portion  is  preferably  hard  when  the  pipe 
lengths  are  connected  to  each  other. 

The  lining  laminate  can  be  formed  in  the  fol- 
lowing  manner. 

When  the  pressure  sensitive  adhesive  double 
coated  sheet  is  adhered  to  the  outer  surface  of  a 
lining  tube,  as  shown  in  Fig.  7,  the  lining  tube  71  is 
folded  into  a  flat  form,  and  pressure  sensitive  adhe- 
sive  double  coated  sheet  72  and  73  are  adhered 
under  a  pressure  to  upper  and  lower  surfaces  of 
the  folded  lining  tube,  and  further  woven  fabrics  74 
impregnated  with  a  liquid  plasticizer  are  adhered 
thereonto.  In  this  case,  it  is  important  that  air  is  not 
retained  in  the  pressure  sensitive  adhesive  double 
coated  sheet.  If  the  lining  operation  is  performed  in 
such  a  way  that  air  remains  in  the  sheet,  the 
remaining  air  is  collected  during  the  passing  of  the 
pig  member  to  form  an  air  lump.  When  the  pres- 
sure  of  the  fluid  becomes  negative  in  use,  the  air 
lump  expands  to  cause  peeling  of  the  lining  tube. 
Consequently,  the  lining  tube  is  not  supported  by 
the  reinforcing  sheet  and  becomes  locally  elon- 
gated. 

Therefore,  when  the  pipe  length  is  durable  to 
negative  pressure,  it  is  possible  to  suck  out  air 
from  the  inside  of  the  pipe  length  in  vacuo  before 
enlarging  the  folded  lining  tube.  On  the  other  hand, 
when  the  pipe  length  is  not  durable  to  negative 
pressure,  the  enlarging  rate  of  the  folded  lining 
tube  must  be  kept  low  in  order  to  sufficiently  dis- 
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curved  lining  tube  is  transported  toward  the  pres- 
sure  sensitive  adhesive  sheet  by  the  tube  enlarging 
pressure,  fluid  pressure  and  the  like,  whereby  the 
mutual  dissolution  between  the  pressure  sensitive 

5  adhesive  and  the  liquid  plasticizer  is  promoted  to 
attain  strong  adhesion  between  the  pressure  sen- 
sitive  adhesive  sheet  and  the  lining  tube. 

Fig.  10  shows  a  method  of  applying  a  lining 
tube  to  a  pipeline  having  a  branched  pipe  length. 

10  This  method  can  be  conducted  in  the  same  man- 
ner  as  the  method  of  using  the  curved  lining  tube. 

That  is,  the  outer  surface  of  the  lining  tube  101 
is  firstly  coated  with  the  liquid  plasticizer  to  prevent 
the  adhesion  to  the  pressure  sensitive  adhesive 

75  sheet  over  a  given  time.  Then,  a  lining  tube  103  for 
branching,  which  is  connected  to  the  lining  tube 
101  at  a  position  corresponding  to  the  branched 
position  (102a)  of  the  pipeline  102,  is  rounded  and 
held  by  spirally  winding  a  fastening  string 

20  therearound.  Next,  the  lining  tube  101  provided 
with  the  branched  lining  tube  103  is  passed 
through  the  pipeline  102  and  successively  enlarged 
to  the  inside  of  the  pipeline  by  the  action  of  pig 
members. 

25  In  the  enlargement  of  the  lining  tube,  a  projec- 
tile  shaped  pig  member  104  and  a  spherical  pig 
member  105  are  transported  together  in  the  lining 
tube  by  pumping  compressed  air  into  the  inside  of 
the  lining  tube,  whereby  the  projectile  shaped  pig 

30  member  104  successively  enlarges  the  main  lining 
tube  102  and  is  discharged  from  the  outlet  end  of 
the  pipeline  102,  while  the  spherical  pig  member 
105  turns  at  a  branched  point  in  the  direction  of  the 
branched  pipe  length  102a  and  successively  en- 

35  larges  the  branched  lining  tube  103. 
Instead  of  the  spherical  pig  member,  a  rubbery 

air  bag  (gum  bladder)  may  be  inserted  into  the 
inside  of  the  lining  tube,  at  a  position  near  to  the 
branched  portion,  and  compressed  air  is  pumped 

40  into  the  inside  of  the  air  bag,  whereby  the 
branched  lining  tube  can  be  enlarged. 

Even  in  case  of  a  pipeline  provided  with  a 
manhole,  the  lining  can  be  performed  by  the  above 
methods. 

45  When  the  pressure  sensitive  adhesive  sheet  is 
adhered  to  the  lining  tube,  strong  adhesion  can  be 
obtained  by  applying  a  primer  to  the  surface  of  the 
lining  tube  or  by  subjecting  the  surface  of  the  lining 
tube  to  a  specific  treatment. 

so  Moreover,  swelling  of  the  lining  tube  may  be 
effected  as  a  result  of  the  kind  of  liquid  plasticizer 
used.  In  this  case,  a  material  having  a  function  to 
prevent  the  diffusion  of  liquid  plasticizer  is  used  as 
a  reinfocing  sheet  of  the  pressure  sensitive  adhe- 

55  sive  sheet.  For  example,  nylon  tape  is  used  by 
previously  subjecting  both  the  surfaces  of  the  tape 
to  an  ozone  treatment  for  enhancing  the  adhesion 
property. 

and  adhered  to  the  inner  peripheral  surface  of  the 
pipeline  by  the  action  of  the  pig  member. 

In  this  method,  the  liquid  plasticizer  may  be 
impregnated  in  the  woven  fabric  just  before  the 
drawing  of  the  lining  tube  into  the  pipe  length. 

Moreover,  curved  pipes,  branched  pipes  and 
the  like  may  be  existent  in  the  pipeline.  In  this 
case,  it  is  important  that  a  branched  tube,  curved 
tube  or  the  like  is  adopted  as  the  form  of  the  lining 
tube  so  as  to  conform  with  the  branched  pipe, 
curved  pipe  or  the  like. 

Fig.  9  shows  a  method  for  drawing  a  curved 
lining  tube  into  a  pipeline  containing  a  curved  pipe 
length  therein.  In  this  case,  a  surface  of  a  lining 
tube  is  coated  with  a  liquid  plasticizer  such  as 
polybutene  resin,  whereby  the  adhesion  of  the 
pressure  sensitive  adhesive  sheet  to  the  lining  tube 
is  prevented  for  a  given  time.  Thus,  the  lining  tube 
can  be  curved  in  accordance  with  the  curved  pipe 
length  at  the  same  positions  and  to  the  same 
degree  of  curvature  as  the  curved  pipe  length  of 
the  pipeline  without  being  restrained  by  the  re- 
inforcing  sheet  in  the  pressure  sensitive  adhesive 
sheet  (Fig.  9a).  Then,  the  curved  lining  tube  is 
folded  in  a  flat  form  (Fig.  9b),  rounded  and  fixed  by 
spirally  winding  a  fastening  string  therearound  (Fig. 
9c).  Thereafter,  the  curved  lining  tube  is  drawn 
from  the  inlet  end  of  the  pipeline  up  to  the  given 
position,  by  the  guidance  of  a  wire  rope,  and  suc- 
cessively  enlarged  toward  the  inner  peripheral  sur- 
face  of  the  curved  pipe  length  by  the  action  of  the 
pig  member.  ■ 

Furthermore,  the  curved  lining  tube  91a  having 
the  same  curvature  as  the  curved  pipe  length  is 
connected  to  the  lining  tube  at  the  same  position 
as  in  the  curved  pipe  length  in  the  pipeline.  Then,  it 
is  folded  in  a  flat  form  91b  and  rounded  into  a 
cylindrical  form  91c,  which  is  held  by  spirally  wind- 
ing  the  fastening  string  therearound.  Thereafter,  the 
curved  form  of  the  lining  tube  is  corrected  by 
drawing  the  string  (91  d),  and  the  outer  peripheral 
surface  thereof  is  covered  with  the  pressure  sen- 
sitive  adhesive  sheet  and  woven  fabric  (not  shown) 
for  use  in  the  lining  of  the  pipeline.  In  this  case,  the 
drawing  force  of  the  lining  tube  is  born  by  the 
pressure  sensitive  adhesive  sheet  and  the  woven 
fabric  so  as  not  to  directly  apply  to  the  lining  tube. 
Further,  the  tensile  strength  of  the  string  is  durable 
to  the  reaction  force  of  the  rounded  and  corrected 
lining  tube,  but  is  broken  when  tension  based  on 
the  pumping  pressure  of  the  pig  member  in  the 
enlargement  of  the  lining  tube  is  applied  to  the 
string.  Moreover,  the  broken  string  is  held  in  the 
pressure  sensitive  adhesive  sheet  after  the  enlarge- 
ment  of  the  lining  tube. 

After  the  curved  lining  tube  is  enlarged,  the 
liquid  plasticizer  applied  to  the  surface  of  the 
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A  flexible  lining  laminate  6,  comprised  of  a 
woven  fabric  10  impregnated  with  a  liquid  plasti- 
cizer,  a  viscous  pressure  sensitive  adhesive  layer  9 
(pressure  sensitive  adhesive  double  coated  sheet) 

5  and  a  lining  tube  1  1  are  formed  on  the  inner 
peripheral  surfaces  of  the  pipe  lengths  1a  and  1b 
over  a  whole  region,  which  includes  the  expansion 
joint  portion,  in  the  axial  direction  thereof.  That  is, 
the  lining  laminate  6  is  formed  without  interruption 

w  at  the  annular  space  portion  C  in  the  expansion 
joint  for  the  connected  pipe  lengths  1a  and  1b. 
Although  the  non-drying  pressure  sensitive  adhe- 
sive  8a  fills  in  the  annular  space  portion  C,  some 
projects  toward  the  inner  peripheral  surfaces  of  the 

15  pipe  lengths  1a  and  1b,  such  extra  adhesive  is 
softened  by  the  liquid  plasticizer  impregnated  in 
the  woven  fabric  8  to  flow  in  the  axial  direction  of 
the  pipe,  so  that  the  portion  of  the  lining  laminate  6 
corresponding  to  the  annular  space  portion  C  be- 

20  comes  flat  without  swelling. 

A  fastening  member  for  the  end  of  the  lining 
tube  is  affixed  to  the  flange  portion  of  the  pipeline 
before  the  drawing  of  the  lining  tube,  and  rear  ends 
of  the  lining  tube,  pressure  sensitive  adhesive 
sheet  and  woven  fabric  containing  the  liquid  plasti- 
cizer  are  fixed  to  the  flange  face  of  the  pipeline  by 
the  fastening  member. 

Furthermore,  the  circumferential  positions  of 
the  lining  tube  and  the  pipe  length  can  be  ac- 
curately  positioned  by  aligning  bolt  holes  of  the 
fastening  member  and  the  flange  with  each  other 
by  the  action  of  bolts. 

Such  positioning  is  particularly  important  when 
a  different  size  pipe  length  is  located  in  the  course 
of  the  pipeline  because  the  form  of  the  lining  tube 
has  been  previously  formed  so  as  to  meet  with  the 
pipeline  containing  the  different  sized  pipe  as  men- 
tioned  above. 

The  alignment  of  positions  of  the  pipe  length 
and  the  lining  tube  in  the  circumferential  direction 
is  also  important  in  the  case  of  a  pipeline  transport- 
ing  abrasive  fluid  because  it  is  necessary  to  adopt 
the  use  of  a  lining  tube  having  a  greater  thickness 
at  its  lower  side  position. 

Moreover,  the  fastening  member  arranged  with 
the  flange  portion  at  the  outlet  end  of  the  pipeline 
serves  as  a  regulating  plate  (spacer)  for  adjusting 
the  difference  in  the  length  of  the  lining  tube  at  this 
end  portion  of  the  pipeline. 

The  outer  fastening  member  of  the  two  fasten- 
ing  members  (eg.  85b  in  Fig.  8)  is  removed  when 
the  pipeline  is  connected  to  another  pipeline. 
•  The  following  examples  are  given  in  illustration 

of  the  invention  and  are  not  intended  as  limitations 
thereof. 

Example  2 

25  Fig.  2  shows  a  second  embodiment  of  connect- 
ing  pipe  lengths  to  each  other  by  use  of  another 
expansion  joint.  In  this  case,  an  outer  sleeve  22, 
having  a  tapered  portion  h  on  its  inner  peripheral 
face  at  each  side  end,  is  fitted  onto  end  portions  of 

so  pipe  lengths  21a  and  21b,  which  are  to  be  con- 
nected,  on  the  outer  side  of  pipe  lengths.  A  pair  of 
flanges  23a,  23b  each  having  a  plurality  of  bolt 
holes  are  arranged  on  the  outer  surfaces  of  the 
pipe  lengths  at  both  sides  of  the  outer  sleeve  22 

35  and  are  fastened  to  each  other  by  bolts  24  and 
nuts  25.  Further,  a  pair  of  rubber  rings  26a  and  26b 
are  interposed  between  each  tapered  portion  h  of 
the  outer  sleeve  and  each  of  the  flanges. 

A  flexible  lining  laminate  20  comprised  of  a 
40  high  viscosity  and  non-drying  pressure  sensitive 

adhesive  double  coated  sheet  layer  28a,  a  woven 
fabric  29  impregnated  with  a  liquid  plasticizer  and  a 
lining  tube  27  is  formed  on  the  inner  peripheral 
surfaces  of  the  pipe  lengths  21a  and  21b.  In  this 

45  case,  the  lining  laminate  20  is  uninterrupted  over 
the  whole  of  the  pipeline,  similarly  to  to  the  em- 
bodiment  of  Example  1,  and  the  lining  laminate 
portion  located  at  a  position  corresponding  to  the 
annular  space  portion  C  between  the  connected 

so  pipe  lengths  21a  and  21b  has  a  flat  shape  without 
swelling.  Moreover,  a  pressure  sensitive  adhesive 
28b  fills  in  the  annular  space  portion  C.  Even  if  the 
volume  of  the  annular  space  portion  C  is  increased 
by  shrinking  the  pipe  lengths  21a  and  21b  to 

55  enlarge  the  width  of  the  annular  space  portion,  the 
shortage  of  pressure  sensitive  adhesive  due  to  the 
increase  of  volume  can  be  supplemented  by  the 
flowing  of  liquid  plasticizer  impregnated  in  the  wov- 

Example  1 

Fig.  1  shows  a  first  embodiment  of  connecting 
pipe  lengths  to  each  other  using  a  sleeve  type 
expansion  joint.  In  this  case,  a  tapered  portion  t  is 
formed  on  each  end  of  pipe  lengths  1a  and  1b  to 
be  connected  to  each  other,  and  a  pair  of  rubber 
rings  2a,  2b  are  fitted  onto  the  opposed  tapered 
portions  6,  and  the  outside  of  these  rubber  rings 
2a,  2b  is  covered  with  an  elastic  band  3,  a  rigid 
outer  sleeve  4  is  fitted  onto  the  outer  surfaces  of 
the  pipe  lengths  1a,  1b  and  the  band  3,  whereby 
the  expansion  joint  is  constructed.  Furthermore,  a 
plurality  of  rigid  seal  rings  5  are  secured  to  the 
inner  peripheral  surface  of  the  outer'  sleeve  4  so  as 
to  contact  with  the  outer  peripheral  surfaces  of  the 
pipe  lengths  1a,  1b.  A  space  portion  defined  by  the 
seal  ring  5  and  the  rubber  rings  2a,  2b  and  an 
annular  space  between  the  rubber  rings  2a  and  2b 
are  filled  in  by  high  viscosity  and  non-drying  pres- 
sure  sensitive  adhesives  8a  and  8b. 
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with  a  ground  cover  44.  Moveover,  the  ground 
cover  44  is  fixed  to  the  flange  portion  of  the  pipe 
length  41  by  the  action  of  stud  bolts  45  and  nuts 
46.  A  convex  portion  i  is  formed  on  the  outer 

5  peripheral  surface  of  the  pipe  length  42  in  place, 
while  a  concave  portion  j  is  formed  on  the  inner 
peripheral  surface  of  the  ground  cover  44.  Thus, 
the  stretching  of  the  connected  pipe  lengths  41  and 
42  is  restrained  by  the  convex  portion  i  and  the 

70  concave  portion  j. 
In  the  above  structure,  a  pressure  sensitive 

adhesive  48a  fills  in  an  annular  space  C  of  the 
expansion  joint  portion,  which  contains  a  separation 
sheet  48b,  and  a  pressure  sensitive,  adhesive  48c 

75  fills  in  a  space  produced  in  the  joint  portion  be- 
tween  the  convex  portion  i  and  the  concave  portion 
j.  A  flexible  lining  laminate  40  comprised  of  a 
pressure  sensitive  adhesive  double  coated  sheet 
layer  48,  a  woven  fabric  47  impregnated  with  a 

20  liquid  plasticizer  and  a  lining  tube  49  is  formed  on 
the  inner  peripheral  surfaces  of  the  connected  pipe 
lengths  41,  42  over  a  full  length  of  a  pipeline 
similarly  to  the  embodiments  of  Examples  1  to  3. 

Hence,  it  will  now  be  apparent  that  pipe  lengths 
25  substantially  as  described  herein  have  the  following 

merits: 
(1)  In  the  expansion  joint  portion  of  the  pipe 

lengths,  there  is  no  uneven  portion  as  with  the 
conventional  technique.  Hence,  erosion,  cavitation 

30  and  the  like  are  not  caused  and  the  sedimentation 
of  earth  and  sand  can  also  be  prevented,  con- 
sequently  damage  to  rubber  rings  (packing)  as  well 
as  the  leakage  of  water  can  be  prevented. 

(2)  The  thickness  of  the  conventional  lining 
35  tube  is  about  0.5  mm-3.00  mm,  while  the  thick- 

ness  of  the  lining  laminate  according  to  the  inven- 
tion  can  freely  and  properly  be  changed  in  accor- 
dance  with  the  purpose  of  use.  However,  the  thick- 
ness  of  the  lining  laminate  is  usually  within  a  mage 

40  of  6-60  mm.  Particularly  when  the  dredged  stones 
are  transported,  the  thickness  may  be-more  than 
60  mm.  The  durability  of  the  pipeline  can,  hence, 
be  improved  and  the  maintenance  cost  can  be 
reduced. 

45  (3)  Since  the  expansion  joint  portion  can  be 
completely  covered  with  the  pressure  sensitive  ad- 
hesive,  the  rubber  ring  and  the  like  can  be  sepa- 
rated  from  fluids  passing  through  the  pipeline,  and 
consequently  the  degradation  of  the  pipe  length 

so  and  the  occurrence  of  rust  or  the  like  can  be 
prevented. 

(4)  The  pressure  sensitive  adhesive  substan- 
tially  fills  in  the  space  of  the  expansion  joint  por- 
tion,  whereby  the  flexibility  of  the  joint  is  improved. 

55  As  a  result,  such  an  expansion  joint  provides  an 
advantage  when  laying  a  pipeline  on  complicated 
topography  and  has  an  excellent  ability  to  absorb 
and  relax  external  forces  such  as  earthquakes  or 

en  fabric  29  and  the  surrounding  pressure  sensitive 
adhesive  softened  by  this  liquid  plasticizer.  More- 
over,  when  a  shearing  force  is  applied  to  the  pipe 
lengths  21a,  21b  and  the  lining  tube  27,  the  woven 
fabric  26  easily  moves  accompanied  with  the  flow- 
ing  of  the  liquid  plasticizer,  so  that  there  is  no  fear 
of  locally  elongating  only  the  portion  of  the  lining 
tube  corresponding  to  the  annular  space  portion  C 
as  in  the  conventional  technique. 

Example  3 

Fig.  3  shows  a  third  embodiment  of  connecting 
pipe  lengths  to  each  other  by  the  use  of  a  further 
expansion  joint. 

A  pipe  length  31  is  connected  to  another  pipe 
length  32  in  an  airtight  manner  by  fitting  the  pipe 
length  32  into  an  end  portion  of  the  pipe  length  31, 
interposing  a  rubber  ring  33  in  a  stuffing  box  de- 
fined  between  the  pipe  lengths  31  and  32,  and 
pushing  and  supporting  the  rubber  ring  33  with  a 
ground  cover  34.  In  this  case,  the  ground  cover  34 
is  fastened  to  the  pipe  length  31  by  stud  bolt  35 
and  nut  36. 

A  flexible  lining  laminate  30  comprised  of  a 
pressure  sensitive  adhesive  double  coated  sheet 
layer  38,  a  woven  fabric  39  impregnated  with  a 
liquid  plasticizer  and  a  Jining  tube  37  is  formed  on 
the  inner  peripheral  surface  of  the  pipe  lengths  31  , 
32  over  a  full  length  of  a  pipeline  similarly  to  the 
embodiments  of  Examples  1  and  2.  Furthermore, 
an  annular  space  C  of  the  expansion  joint  portion 
containing  a  separation  sheet  38b  is  filled  in  by  a 
pressure  sensitive  adhesive  38a,  wherein  the  pres- 
sure  sensitive  adhesive  38a  divided  off  by  the 
separation  sheet  38b  and  facing  the  woven  fabric 
39  is  softened  by  the  liquid  plasticizer  in  the  woven 
fabric  39,  so  that  the  portion  of  the  lining  tube 
located  at  a  position  corresponding  to  the  annular 
space  C  has  a  flat  shape  without  swelling. 

Example  4 

Fig.  4  shows  a  fourth  embodiment  of  connect- 
ing  pipe  lengths  to  each  other  through  a  further 
expansion  joint.  This  embodiment  uses  a  sleeve 
type  expansion  joint  similar  to  those  of  Examples  1 
to  3. 

In  this  embodiment,  a  pipe  length  41  is  con- 
nected  to  another  pipe  length  42  by  inserting  the 
pipe  length  42  into  an  end  portion  of  the  pipe 
length  41  ,  airtightly  inserting  a  rubber  ring  43  into  a 
stuffing  box  defined  between  the  outer  peripheral 
surface  of  the  pipe  length  42  and  a  cut  space 
below  the  flange  end  of  the  pipe  length  41,  and 
pushing  the  exposed  face  of  the  rubber  ring  43 

10 
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more  likely  to  be  caused. 
On  the  contrary,  according  to  the  above  em- 

bodiments  a  lining  tube  having  a  curvature  equal  to 
that  of  the  curved  pipe  is  drawn  into  the  pipeline 

5  instead.  That  is,  the  lining  tube  comprises  a 
straight  lining  tube  portion  and  a  curved  lining  tube 
portion  and  is  adhered  to  the  inner  peripheral  sur- 
face  of  the  pipeline  by  the  action  of  the  woven 
fabric  and  pressure  sensitive  adhesive  sheet  after 

10  enlargement  of  the  lining  tube,  as  a  result  the 
degradation  of  the  curved  lining  tube  is  substan- 
tially  reduced. 

(12)  The  worn  lining  tube  can  easily  be  peeled 
off  from  the  inner  peripheral  surface  of  the  pipeline 

75  and  replaced  with  a  new  lining  tube.  That  is,  the 
fixed  portion  of  the  worn  lining  tube  is  released  at 
each  end  of  the  pipeline  and  then  compressed  air 
is  pumped  between  the  pipeline  and  the  woven 
fabric,  whereby  the  worn  lining  tube  can  easily  be 

20  peeled  off  from  the  pipeline.  Further,  the  worn 
lining  tube  can  easily  be  removed  from  the  pipeline 
by  drawing  the  woven  fabric. 

(13)  The  lining  laminate  can  be  applied  to 
simple  joints  between  pipes  for  the  transportation 

25  of  sewage  or  the  like,  whereby  the  leakage  of 
sewage  from  the  joint  portion  as  well  as  the  release 
of  the  joint  portion  due  to  an  earthquake  can  easily 
be  prevented. 

the  like  thereby  reducing  the  damage  to  the  joint. 
(5)  Even  when  the  annular  space  changes  due 

to  a  change  of  the  joint  portion,  swelling  of  the 
lining  tube  is  not  caused,  and  consequently  the 
wearing  of  the  lining  tube  at  the  position  cor- 
responding  to  the  joint  portion  can  be  prevented. 

(6)  Even  when  relative  displacement  between 
the  pipe  length  and  the  woven  fabric  is  generated 
by  a  rapid  change  of  the  expansion  joint  portion, 
the  liquid  plasticizer  impregnated  in  the  woven 
fabric  flows  at  the  interface,  and  consequently  a 
large  shearing  stress  is  never  applied  to  the  woven 
fabric. 

(7)  The  presence  of  the  woven  fabric  serves  to 
reduce  the  necessary  strength  characteristics  of 
the  reinforcing  sheet  to  be  embedded  in  the  pres- 
sure  sensitive  adhesive,  and  also  acts  to  prevent 
damaging  of  the  pressure  sensitive  adhesive  dou- 
ble  coated  sheet  and  the  lining  tube  whilst  drawing 
the  lining  tube  into  the  inside  of  the  pipe  length. 
Further,  the  liquid  plasticizer  impregnated  in  the 
woven  fabric  acts  as  a  lubricant  to  reduce  the 
drawing  force  for  the  lining  tube.  Therefore,  thick 
and  heavy  lining  tubes  can  easily  be  drawn  over  a 
long  distance. 

(8)  The  woven  fabric  impregnated  with  the  liq- 
uid  plasticizer  is  disposed  in  the  lining  laminate,  so 
that  even  when  defective  portions  comprising  rust, 
scale  and  the  like  are  existent  in  the  inner  surface 
of  the  pipe  lenth,  the  liquid  plasticizer  containing  a 
rust  preventive  agent  penetrates  into  these  defec- 
tive  portions.  Therefore,  careful  surface  treatment 
of  the  pipe  lengths  is  unnecessary. 

(9)  Even  when  variations  in  the  amount  of  the 
pressure  sensitive  adhesive  in  the  annular  space 
are  caused  due  to  relative  displacements  caused 
by  stretching  of  the  pipe  length,  they  are  rapidly 
corrected  by  the  flowing  of  the  liquid  plasticizer 
impregnated  in  the  woven  fabric  as  well  as  the 
surrounding  pressure  sensitive  adhesive,  softened 
by  the  liquid  plasticizer.  Hence,  the  joint  portion 
can  be  always  held  in  a  flat  form. 

(10)  Even  when  shear  stress  is  caused  be- 
tween  the  pipe  length  and  the  lining  tube  by  the 
relative  displacement  due  to  stretching  of  the  pipe 
length,  relaxation  of  stress  is  rapidly  caused  by  the 
liquid  plasticizer  in  the  woven  fabric,  and  con-  . 
sequently  aging  and  degradation  of  the  lining  lami- 
nate  through  the  stress  are  not  caused  and  durabil- 
ity  is  improved. 

(11)  In  the  conventional  method  for  lining  a 
curved  pipe  length,  a  straight  lining  tube  is  curved 
for  lining,  as  a  result  wrinkles  are  generated  on  the 
inside  bend  of  the  curved  portion  thereby  making 
the  flow  resistance  large,  while  the  thickness  of  the 
lining  tube  is  reduced  in  the  outside  bend  of  the 
curved  portion  by  tension  causing  increased  tensile 
stress.  As  a  result,  degradation  due  to  stress  is 

30 
Claims 

1.  A  pipe  length  (1a,  1b)  provided  with  a  lining 
laminate  (6),  wherein  individual  pipe  lengths  (1a, 

35  1b)  are  connected  to  each  other  through  at  least 
one  expansion  joint,  and  a  lining  tube  (11)  is  dis- 
posed  upon  the  inner  surface  of  the  pipe  by  use  of 
a  pressure  sensitive  adhesive  (9),  characterized  in 
that  said  pressure  sensitive  adhesive  (8a,  9)  not 

40  only  fills  in  an  annular  space  (6)  in  a  connecting 
portion  between  said  pipe  lengths  through  said  at 
least  one  expansion  joint,  but  is  also  interposed 
between  said  pipe  length  (1a,  1b)  and  said  lining 
tube  whilst  being  reinforced  with  a  sheet,  and  a 

45  woven  fabric  (10)  impregnated  with  liquid  plasti- 
cizer  containing  a  rust  preventive  agent  is  inter- 
posed  between  said  pressure  sensitive  adhesive 
(9)  and  said  pipe  length  (1a,  1b). 

2.  A  pipe  length  (1a,  1b)  according  to  claim  1, 
so  wherein  said  woven  fabric  (10)  contains  a  pressure 

sensitive  adhesive  instead  of  said  liquid  plasticizer 
at  a  portion  corresponding  to  each  end  portion  of 
the  connected  pipe  lengths  (1a,  1b),  and  wherein 
said  lining  tube  (11),  said  pressure  sensitive  adhe- 

55  sive  and  said  woven  fabric  (10)  are  fastened  in  an 
airtight  manner  to  a  flange  (23a,  23b)  arranged  on 
each  said  end  portion  of  said  connected  pipe 
lengths  (1a,  1b). 

11 
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3.  A  pipe  length  (1a,  1b)  according  to  claim  1, 
wherein  a  separation  sheet  (57)  is  embedded  in 
said  pressure  sensitive  adhesive  (55)  filling  in  said 
annular  space  (i)  to  prevent  diffusion  of  said  liquid 
plasticizer  from  said  woven  fabric  (54)  toward  said  5 
expansion  joint  portion. 

4.  A  method  of  forming  a  pipeline  by  connect- 
ing  pipe  lengths  (1a,  1b)  to  each  other  through  at 
least  one  intermediate  expansion  joint  and  arrang- 
ing  a  lining  tube  (11)  on  an  inner  peripheral  surface  to 
of  at  least  one  pipe  length  (1a,  1b)  through  a 
pressure  sensitive  adhesive,  which  comprises 
setting  pressure  sensitive  adhesive  (8a)  in  a  ring- 
like  form  in  an  annular  space  portion  (c)  defined  by 
an  expansion  joint;  75 
folding  the  lining  tube  (60)  into  a  flat  form  and  at 
the  same  time  piling  and  mounting  a  pressure 
sensitive  adhesive  double  coated  sheet  (28a),  em- 
bedding  a  reinforcing  sheet  (58)  therein,  and  a 
woven  fabric  (54)  impregnated  with  a  liquid  plasti-  20 
cizer  on  upper  and  lower  faces  of  the  folded  lining 
tube  (60); 
rounding  the  folded  lining  tube  (60),  provided  with 
the  pressure  sensitive  adhesive  double  coated 
sheet  (28a)  and  the  woven  fabric  (54),  into  a  cylin-  25 
drical  form,  spirally  winding  a  fastening  string  ar- 
ound  the  lining  tube  (60),  drawing  the  rounded 
lining  tube  (60)  into  an  inside  of  an  end  portion  of 
the  pipe  length  (1ab  1b)  by  the  guidance  of  a.  wire 
rope  and  passing  it  through  the  pipe  length  (1a,  30 
1b); 
fixing  a  rear  end  portion  of  the  lining  tube  (60)  to 
the  inner  peripheral  surface  of  the  end  portion  of 
the  pipe  length  (1a,  1b)  at  a  lead-in  side  of  the  pipe 
length  (1a,  1b),  and  arranging  a  launcher  for  a  pig  35 
member  (104)  at  the  lead-in  side  of  the  pipe  length 
(1a,  1b)  and  a  catcher  for  said  pig  member  (104)  at 
a  feed-out  side  of  the  pipe  length  (1a,  1b); 
fitting  the  pig  member  (104)  arranged  in  the 
launcher,  and  which  pig  member  (104)  has  a  freely  40 
reduceable  diameter  which  is  normally  larger  than 
the  diameter  of  the  lining  tube  (60),  into  a  rear 
opening  portion  of  the  lining  tube;  and 
pumping  compressed  air  into  the  launcher  to  pres- 
surize  a  back  face  of  the  pig  member  (104)  and  45 
simultaneously  sucking  air  from  the  catcher  to 
progress  the  pig  member  (104)  forward,  whereby 
the  folded  lining  tube  (60)  is  successively  enlarged 
to  push  and  adhere  to  the  inner  peripheral  surface 
of  the  pipe  length  (1a,  1b).  so 
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