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WO 20051090848 PCT/GB2005/000968 A Composite Pipe Lining, a
Method of Installing a Composite Lining, and Apparatus for Installing a
Composite Lining. The present invention relates to a composite lining for a

Weigerthod of installing a composite lining and apparat®€ TosBastaingos

a composite lining. 5 Leakage from pipes is a major problem, well known
to gas and water authorities. The problem is compounded by the expense
of and disruption caused by rectifying leaks when they occur, by repair or
Afapesite fine detainge s Method oflnsealline 3 feemmenitp L ining,
padichppassiusdpydapipbing lactcoamydsir kigdngerous, and for water
pipes where leakage typically accounts for an average loss of over 30%

Qﬁ@"{ﬁ%ﬁ@ﬁﬁf&ﬁibﬂnﬂéﬁa@ iMansipqipelinesake i figethohethod of installing a
refurbishment a the authori t%?ﬁg nerally seek long.tenn solutions

FRMRRP RIS HERAEIBPHID g the life of

existing pipes is to re- I|ne them using an appropriate material.

préﬁ{mg gﬁtl gy(f@ AR {QJ E}E_%Iﬁgle vfrgﬁ @é@%@l% Q&g 598 %&%ﬂmmles The

mat rials for relin g the gas and water nétworks and can have

tessigm ifctimesindsddas o t1BeBe péans dirielpe cegaiérrresibing leaks when
sign H%Pt%f QEQ?BT@E&QQ%Q%@&%Q@&Q@%%? Qds:AEE: auall ?rpggr Leakage is

lining small'and medium diameter pipes but these are not geneéral
amplicaies iteraHer|ignhGiortargeiraiamidtak pipkaerions) cfP’éEﬁﬁé%l@l?es where
liningmethods meanssthatXReRsIvE R RNt aldinns:often RayeioMany

be implemented when large diameter pipes are in need of maintenance.

PFHIGE AEsHl DRI gBybIBsTE axihapbemities speel irsieloa ey solutions

lining sys gmﬁggplqlggréhe requirements of the pipe system and any
associated regulatory requirements. Linings for gas pipes, where gas

containment is paramount, for example, commonly use standard or
gpﬂ@@lmopdl}‘ﬂﬂWM@ﬂgi@eéiﬁlhfmimpipmmotmﬁmr&mmﬁpmopﬂate
IOVY I 1er}r|i%r$niasrﬁgsthﬁc}¥ etg % el lé'il%n ﬂ)?sé}g %t f"LQAN BEL referred

Stuctiral Ing' techniques uire large street footprints rlng
mstettialtidor wlann@ themgssaeitveterssswblediitivag biye destt lifganse degncess of

RS 40 AoV InSertion:dn ke ARceuROUL SRMaging the IR RIRGS ik ds are

available for lining small and medium diameter pipes but these are not generally applicable

for the lining of larger diameter pipes. This lack of suitable lining methods means that
expensive replacement solutions often have to be implemented when large diameter pipes are

in need of mamtenance.

W
it

In general, pipelining systems use application specific materials and iining systems suited to
the requirements of the pipe system and any associated regulatory requirements. Linings for
gas pipes, where gas containment is paramount, for example, commonly use standard or
specialist polyethylens pipes, which often require temporary deformation, to allow insertion
into the typically cast iron host pipes. However, these structural ‘sliplining’ tecImiciues
require large street footprints during installation to accommodate the assembled lining pipe,
and large access pits to allow insertion to take place without damaging the lining pipes. The
current sliplining methods are also impractical for large diameter pipes of, for example, 24

iches and above. Furthermore, there are no generally accepted methods for lining larger gas
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current sliplining methods are also impractical for large diameter pipes of,
for example, 24 inches and above. Furthermore, there are no generally
accepted methods for lining larger gas 1 pipes up to 48 inches diameter
and higher. For water pipes, strict drinking water regulations have led to
cement mortar linings being replaced by spray-on resin linings to prevent
corrosion and leakage. Polyethylene sliplining techniques are also used
to provide long term. structural solutions. Cured-in-place polyester 5 resin
ﬂ?ﬂ%@&?e‘%dﬁ?ﬁ%srra%}g&ﬁ? ¥ pipes where host pipe deformity and

externa_ll water pressure are particular problems, and regula_ltion is_Iess
FepialiyeaplevariaienRiil hall Ne.Alak 300 Ser e AIENAUTIBANS being
lining of large diameter pipes is both difficult and expensive and hence
Troleost Aitemative soindowaca e pigiy: despableanidetiasmRplyathylene sliplining
Ringlings %r@aﬁg%t&té@m@ﬂéehexdg%@aﬁééﬂﬁ@%ﬁﬁ@é,%@ﬂ%@ SRester

projecting lateral connections and misaligned pipe sections. In such pipes,

PP WAINES HREEP IS SFRTHRIVEH SR BaT ISOe pistséesliTtiagextomal water
however-haveaigpdanewto ddnk.Quskis ardeform inotherundasiable, . te

ways when forced, under pressure, to deform to the internal shane of the
THeligRd Eefish dpfe S hire PredemsRidatmmninpvige rssitperibedifiagl and
iopaaineantbaMeihad.atinsieling AicAMRORILRINIBg-yhich seeks to
mitigate the above issues. According to a first aspect of the present

invention, there is provided a method of lining an internal surface of a
pipstcoaiprisingy binabpsartqpipe svitizia stribtveahlayed foegpravidingich as joints,
structural integrity: and lining said. pipe: with a containment layer for .
e SR A B U Bleg e
teaddr froondjatises:ihnachseinpr o deeds (e shrp twes diav pptepdand e kimgingckle or

H . e b cont i thin
e, N R R (R0 RS O sriomal
Jowpribds amwalging at least one section of sheet lining material to form a

tubular lining and seaming said tubular lining

- Embodiments of the present invention provide a composite lining for a pipe, and a

method of installing a composite lining, which seeks to mitigate the above issues.

According to a first aspect of the present invention, there is provided a method of lining
an internal surface of a pipe comprising: lining said pipe with a structural layer for '
providing structural integrity; and lining said pipe with a containment layer for
providing fluid impermeability; wherein, lining said pipe with said structural layer
comprises introducing at least one strip to said pipe, and arranging the or each said strip

to form a  substantially  continwous  lining  within  said  pipe.



to render it substantially impermeable. Preferably the containment layer is
provided concentrically within the structural layer, the containment layer
being bonded to at least a portion of an internal surface of the structural
layer. Preferably the containment layer is provided concentrically outside
the structural layer. Preferably lining said pipe with a structural layer

compeigeshelisally Winding endlxitaehaiimiAore G alpRs ALUKES: at least one

each turn being in substantial helical contact with_the previous turn

theRS6HB MY UbBaamisip! oo Ribadindteend arayige wfibular lining

saidcpipRideretembhy ey strtiahlayer is a first structural layer, and the
method further comprises lining the pipe with a further structural layer, the

further layer comprising at least one further strip of said structural lining
mat AT AR S E B R SRR A B FRRSLIS ARG DOARHR, Sirbetural layer,

pipehPcefesabhelinlagesdiel pipbonddi Saicuette nStatdbial fayemeampriseice of the
helicallg winding the or each further strip to form a plurality of turns, each.

turns%%l %f% aéfl%stantial helical contact with the previous turn thereby

forming a substantially continuous tubular structural layer within said pipe.
Prefseabibtlidhéreontrinengrilliope ispprovicbdoooncenaitalytaidhithetwructural layer.
further structural layer. Preferably lining the pipe with a first structural

layercamprisaainglicaliyppinding theRlcepgh s eRonsieg sitipdhaditing the or
helical direction to form a substantially continuous tubular lining within ‘
sai¢H5ipeT Nt AATFYARERPE Withine reehdisuheing i Rupstaeomprkied contact with
heligallywindiag.he @R8¢ EvHiGS SluRTRASEEONSNSICHIFAGHAP Buctural Tayer
form a substantially continuous tubular lining within said pipe; wherein, the
firstdHHn $8bbi@thelical directions are opposite. 3 Preferably the

containment layer is a first containment layer, and the method further

Preferably the structural layer is a first structural layer, and the method further
comprises lining the pipe with a further structural layer, the further layer comprising at
least one further strip of said structural lining material arranged to form a substantially

continuous lining within said pipe.

Preferably lining said pipe with said further structural layer comprises helically
winding the or each further strip to form a plurality of turns, each turn being in
substantial helical contact with the previous turn thereby forming a substantially

continuous tubular structural layer within said pipe.

Preferably the first structural layer is provided concentrically within the further

structural laver.

Preferably lining the pipe with a first structural layer comprises helically winding the or
each corresponding strip in a first helical direction to form a substantially continuous
tubular lining within said pipe; and lining the pipe with the further structural layer
comprises helically winding the or each further strip in a second helical direction to
form a substantially continuous tubular lining within said pipe; wherein, the first and

second helical directions are opposite.
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comprises lining the pipe with a further containment layer by arranging at
least one further section of lining material to form a tubular lining and
seaming said tubular lining to render it substantially impermeable.
Preferably the or at least one structural layer is provided between the first
and further containment layers. Preferably the method further comprises

liningdhgpiReMitBoaideastihae-6a9tai mReRbHayes AN thAteast WO method further
structural layers, the containment Iaéers bein&@separated from one

andtABPEYSE LB Homaing SithctufariasferoptuneraBl, el rhXABANEIRBE least one

CONR¥BES sBFRYINIAD Intast shiustiredobiastineuthgfluidi i parmeakility ekid wbular
said, containment layer of a .composite lining said structure comprising: a

seamigolnderiaidhg LRy RLEIREPFEMGAL 5t said containment layer, the

seam comprising at least two substantially parallel seamed regions; and a

coneluife fesimetcbetwebnasaigdesearnedalelgiands Prefadablydheconethodirst and further
furthertcom riﬁ,\s: testing the fluid impermeability of said containment

IangBf%lr ggur‘%’i%lﬁ'said conduit with a fluid; and determining if said fluid

is leaking from either of said parallel seamed regions. According to a
secBridcasipecheanesthisl grotidecoaponspduiteditingfor animetesd! Suekacentainment

- of 8125191% he %tplrf%qycfx%g w&aﬁﬂp?a\é%fpeﬁ{@go%ﬁmﬁﬂég?%gﬁ'gegéitn%n&parated from

structural layer for providing structur integrity, the structural layer
compeisingtlzr bast correspriy ivkstictural [miely material arranged to form
a substantially continuous lining within said pipe; and at least one

conpaurEngnt laverian Baavidies HuichiRPerREe Aty - RIGTeRaBMAN G r testing the fluid
con_tammen;{zl";a'llyer comprises at least one section of lining material ) )
arrd SNSRI a QUi SAINAEYRERLJBET M PE e s RsHEI iR gsaid  structure

Witm&ﬁﬁfgiﬁpﬁ;SE&@I%@QM&H%l%ﬁ?tﬁimﬁﬂﬁd%@rl@%ﬂ?&dﬁ@d containment layer, the
concentrically within the structural layer, the containment layer being )
bor$eEMGHRRELRS pbrifat sransrkeldidliraasbskrsagdctarimaysnd a conduit

formed between said seamed regions.

Preferably the method further comprises: testing the fluid impermeability of said
containment layer by pressurising said conduit with a fluid; and determining if said

fluid is leaking from either of said parallel seamed regions.

According to a second aspect, there is provided a composite lining for an internal
surface of a pipe when produced by the above method comprising: at least one
structural layer for providing structural integrity, the structural layer comprising at least
one strip of structural lining material arranged to form a substantially continuous lining

within said pipe; and at least one containment layer for providing fluid impermeability.

Preferably the containment layer comprises at least one section of lining material

arranged to form a substantially continuous impermeable tubular lining within said

pipe.

Preferably the containment layer 1s provided concentrically within the structural layer,
the containment layer being bonded to at least a portion of an internal surface of the

structural layer.



4 Preferably the containment layer is provided concentrically outside the
structural layer. Preferably the structural layer comprises the or each strip
helically wound to form a plurality of turns, each turn being in substantial
helical contact with the previous turn thereby forming a substantially
continuous tubular lining within said pipe. Preferably the structural layer is
a firstsUeiy ik ayshi AR DR R TPASEIAIBGHS RIRVAS A Wih A iUt ural layer.
structural layer, the further layer comprising at least one strip of lining
r| | a ran&gd to form substantlally cantinuous lining within said
IOIIO

BRI S ERTAY IS5 Eo b S b SSHGHE fiYRHee to form a

St”@ﬁb@&@@“w bkl Gbdofaumm dghiralitydistannsal @@00LEBRRINGI the previous turn
sub taﬁh elical ¢ EHE?CtW the revious turn thereby forming a

SUbSYEHAI CO SRS oHAY iRk @wﬁ.ﬂl Hifr prHeS BrkSBIS HBSfirst
structural layer is provided concentrically within the further structural
Iayé?reﬁ’e‘edlelgalﬂhy thteufirstastiactural fafestcempriseb tyegradcthe composite lining is
correspondin tri h ica d |n f|r cal direction to for

SubBs ﬁ"%&lsh %%u%rt?%’ el g wh %“?’g{e Tk d pipe; SRS thiGast one strp of
strdemglrfm}zenaimmnmw@m eaubsﬂurttndﬂsstrqmuhmbmllmmgumhm aaid pipe.
second helical direction to form a substantially continuous tubular lining

W'”I*Pe?é}%g%eaﬂf?tﬁ\éﬁeé&ﬁ&ﬁpﬁ AN sprRRd QF'!QQQthE&tE‘&%@J Strip helically

opposite. Preferably the containmerit layer Is a first containment layer,
andthisoeoinposiealplitglils piovitisd soith Bifoisercontaibiiabrldydicaheontact with
furthey GRRBINRGH IRYEhCIBRHEAING Ableast ANSCRRAHAR & AR IR ithin said
arranged to form a substantially impermeable tubular lining within said
pip@iRreferably the or at least one structural layer is provided between

the first and further containment layers. Preferably the above composite

lininggemprsing afileastiiieeCoRRINTEHRANEEY aRthRBBAN MV ithin the further
structural la Iyers the containment layers being separated from one

anos{ﬂgptura layer.

Preferably the first structural layer comprises the or each corresponding strip helically
wound in a first helical direction to form a substantially continuous tubular lining
within said pipe; and the further structural layer comprises the or each further strip
helically wound in a second helical direction to form a substantially continuous tubular

lining within said pipe; and wherein, the first and second helical directions are opposite.

Preferably the containment layer is a first containment layer, and the composite lining
is provided with a further containment layer, the further containment layer comprising
at least one section of lining material arranged to form a substantially impermeable

tubular lining within said pipe.

Preferably the or at least one structural layer is provided between the first and further

containment layers.

Preferably the above composite lining comprising at least three containment layers and
at least two structural layers, the containment layers being separated from one another

by a corresponding structural layer.



by a corresponding structural layer. 5 According to a third aspect, there is
provided an apparatus for providing a loosely twisted helical strip of lining
material for lining an internal surface of a pipe, the apparatus comprising:
a base portion; and coil support means rotatably mounted on said base
portion for supporting a coil of said lining material and for allowing a strip

of Sﬂ-&goyﬂiﬂg f@aateﬂ{ﬁldtoagﬁ&!%%%?g &%m&%ﬁ%&%ﬁ%ﬁﬁ”ﬁ? &HBUiding a loosely

means being rotatable in a controlled manner relative to said base portion
for indtieth§Hisidadttivists iindagd matigridf finidgmatenanPeredbrablpesarf a pipe. the

coil, SUPRATE MEANSsIS NG EE- IR AISRARSR SRS R AR BN GIBAREd on said

end oi#said coll, hereg'y allowing a sfrip with a naturally induced hélical

twistess bertispEnsaapssicmacriyf vl Seinavistteam gabifineHanaaytrip of said
fOtQHﬁH(% IRdHCEE MRE IR aPl SRS ROL U RROEN SEASOIE H(&Yﬁ?ﬁg&gﬁfmmble in

a strip dispensing portion comprising an aperture for dispensing said strip

throughisaledstpaps pelasiveytp st basheordod farabiumae peherdritdsts in said strip
saigﬁ%liﬁélmgimgans relative to said base portion. Preferably said coll

support means is rotatably mounted on said base portion for rotation

about the axial. centre of said coil. Preferably said coill stLH)iport means is

rotatsRANS Y GATAIHNBASE PSRSn o s lab A apFasgs said strip from a

suhgtantialbyReipemdislanto therajahicentis of saig Gath Aeerrding fiedaced helical
fourth aspect, there is provided an aPparatus for helically lining an

intethish S0rRicSPERTde Hith BASIFRSIRAIRS T atTiaPeiAg 4pPkionak to any rotation

CoOmpnigRghAsyvinding rig comprising helical winding means; said helical
winding means being configured for helically winding said strip into a

helical und lining.layer for lining an. inside surface gither of sajd pipe .
or G780 TR Der FHEScHAER) SAt S0 mEdhe ScRsng porton
configtipedifey helipatyrwifudidgsaidrsiripidisetpyhanighsaiddinsigedsypdaciay platform

anq)csn%lg 1)/(\)/{2%1&% {rl%é%%é:no e%gg Sglif 5&8%95‘58'%? %etegfalg %lgjt?\pegto said base portion.

Preferably said coil support means is rotatably mounted on said base portion for

rotation about the axial centre of said coil.

Preferably said coil support means is rotatably mounted on said base portion for

rotation about an axis substantially perpendicular to the axial centre of said coil.

According to a fourth aspect, there is provided an apparatus for helically lining an
internal surface of a pipe with a strip of lining material, the apparatus comprising: a
winding rig comprising helical winding means; said helical winding means being
configured for helically winding said strip into a helically wound lining layer for lining

an inside surface either of said pipe or of a previously laid lining layer.

Preferably said winding means is configured for helically winding said strip directly
onto said inside surface; and said winding rig is configured for longitudinal travel along
said pipe as each turn of said helically wound lining layer is formed on said inside

surface.



said pipe as each turn of said helically wound lining layer is formed on
said inside surface. 6 Preferably said winding means is configured for
helically winding said strip directly onto said inside surface; and said
winding rig is configured for free rotation about a longitudinal axis of said
pipe as each turn of said helically wound lining layer is formed on said

insigle spiiace. fRreiflially srchwindipgapaass %ﬁfég.ﬂf%fﬁ&ﬂ%ngdﬂﬂ strip directly
said lining strip into a hé Im wound portion layer, and for driving said

helisgflysadunsidabudrse saild e il itherabgweerbiier S&ag rotation about a
helically wignd Jioingslayes an.saisbingide fuHarRe REBE M SRt ng layer is formed

winding means comprises: a cylinder rotatably mountable on an end of
saifipipi f8FideridIiacsaid lining strip onto an internal surface thereof
thereby to form said helically wound portion; and a helical guide mounted

on paigimernaliayindemnsurfase for ddvingusaid foglicatine uadipBRion strip into a
along said pipe thereby to form said helically wound Jinjng layer on sai .
o e N B B € R Bl B e Bpape wbular portion
Accuging: 10 @idifthaspeeh thensisduenidad amanppanatdd foediningid pipde surface.
with a tubular containment layer comprising: a formation portion

comprjsing at least.one rounding die for formi shegt qf.lining material :

intorﬂ %gﬂn%%ﬁﬁla IVI(%%H rllrcl:%larntq’u%)lﬂlfrnssﬁﬁc U q. r%fé?gzt%@)%e“%q#%%%r? i an end of
portiaa fisthrcompingestidti iemgt arie ferimationtdiedosufdareinpeshterdfy to form
linin terigl into a flattened. tubular.structure; the rounding die .bei . ‘
C R TS T e s S & SibUihnat cytincer
cylindfical fobdtavistruatdraelkedordingtd postith aspeckaidepeis theovhided form said

a 1ee| 1ean a&%%%%f‘ﬂlsnﬂ?r Fﬁe%%m?\ﬁl%c}? ﬁs?(];[g g@}%l%}én eelﬁiteléigF éalpda #)IggrtgF a previously
apparatus comprising: obile unit contigured tor longitudinaf travel
doviaidshidngipe;esaid mobile unit comprising at least one seam

According to a fifth aspect, there is provided an apparatus for lining a pipe with a
tubular containment layer comprising: a formation portion comprising at least one
rounding die for forming a sheet of lining material into a substantially cylindrical

tubular structure.

Preferably the formation portion further comprises: at least one formation die for
forming a sheet of lining material into a flattened tubular structure; the rounding die
being located for forming said flattened tubular structure into said substantially

cylindrical tubular structure.

“According to a sixth aspect, there is provided a welding apparatus for seam welding a
containment layer in a pipe the apparatus comprising: a mobile unit configured for
longitudinal travel down said pipe; said mobile unit comprising at least one seam

welding head for welding a seam of said containment layer.

Preferably the mobile unit further comprises at least one further welding head for

welding said containment layer to an underlying structural layer.



welding head for welding a seam of said containment layer. Preferably the

mobile unit further comprises at least one further welding head for

welding said containment layer to an underlying structural layer. 7

Preferably the or each welding head comprises an infra-red source for

inducing heat thereby to cause said welding. Preferably the or each

welpipg RBRAEEHPUSES axamlﬁg%a%m%é%nﬂ%&gdhﬁﬁ&é&%@tixducing heat
to cause said welding. Preferably the or each seam welding head includes

a pragshidmepnss $81dapplgiRg air pressure to said seam during welding.
Preferably the or each seam welding head comprises a shield portion for
prevessinGie dengitudiahpliierhelsaishserms fiaralbegiialéad theraliocing heat
to fg{é‘n ﬁyﬂuid imper,meagle conduit. 7a Preferred embodiments of the
invERTERWRISABY BEUES B8 by way of example only with reference to

the accompanying drawings in which: 5 Figure 1 shows a cutaway view of

a filsteamibdditment ehehcompositklliningawitiihidchesprpipe; fiigufen2{is applying air
croslsegeu%tci n Sofi éhs% f%s&gr%bo\gé%ennt; Figure 3 is a cross section of a

sedond embodiment of a coﬁmosﬁeglining within a host pipe; Figure 4 is a

cross section of a third embodiment of a composite lining within a host
pip8refigablyhe Disachrogtsedidmphasfbupmenipodifesid giation for preventing a
compRsiRARnGWHIBIn 8 QstpiReh IGHE UsiAC SRS CIABOLE Mom a fuid
embodiment of a composite lining within a host pipe; Figure 7a shows a-
simiphifieanpiéte a@ss8i8ection of a first strip dispensing rig; Figure 7b shows

a simplified side cross-section of the first strip dispensing rig of figure 7a,

in operation, providing a helically twisted strip; 15 Figure 8 shows a

second strip dispensing rig in operation, providing a helically twisted strip;

7a
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Figure 9 shows a helical lining rig of a first configuration, in operation,
installing a layer of the composite lining in a helical lining arrangement;
Figure 10 shows a helical lining rig of a second configuration, in operation,
installing a layer of the composite lining in a helical lining arrangement; 20
Figure 11 a and 1 Ib shows a helical lining rig of a third configuration, in
operation, installing 8 WO 2005/090848 PCTIGB2005/000968 a layer of
the composite lining in a helical lining arrangement; Figure 12 shows a
containment layer installation rig of a first configuration, in operation,
providing a containment layer for a composite lining in a tubular
arrangement, for drawing into a pipe; 5 Figiu-e 13 shows a containment

ayer installation rig of a second. configuration,.in operation, providing a )
TSP bR THILBCT BT AP TS RSt oy wit
@rayifg tinfios agoipep krigisked:bd shewsvehteavelling welding rig, in

operation. Figure 15 shows a first partial cross-section of the travelling

welding rig, in operation, 10 welding a seam of a tubular lining; Figure 16
Biasiest SlaetdAgParti Brassisebim rabedeneal ellinomeiiy Hynen within 2 host

gration, welding a seam of a tubular lining; Figure 1.7 shows a partial

cross-section illustrating an alternative seam welding arrangement for the
travelling welding rig, in operation, welding a seam of a tubular lining to
Frndutesa &bsdeationvelthcHigumeb8dhens a cutaway three-dimensional

view of a double welded seam produced by the seam welding
rangement of figure 17. Figure 19 shows a cutaway three-dimensional

E?iir i uestewERIRf aasirrdabrEiey oiacaBRAStRLNEETELPG: host pipe;

Figure 20 shows a service connection for a pipe lined with a composite

-{]gjﬂll%;4 is a cross section of a third embodiment of a composite lining withir a host pipe;
Figure 5 is a cross section of a fourth embodiment of a composite lining within a host pipe;
Figure 6 is a cross section of 2 fifth embodiment of a composite lining within a host pipe;
Figure 72 shows a simplified plan cross-section of a first strip dispensing rig;

Figure 7b shows a simplified side cross-section of the first strip dispensing rig of figure 7a, in
operation, providing a helically twisted strip;

Figure 8 shows a second strip dispensing rig in operation, providing a helically twisted strip;

Figure 9 shows a helical lining rig of a first configuration, in operation, installing a layer of

the composite lining in: 2 helical lining arrangement;

Figure 10 shows a helical lining rig of a second configuration, in operation, installing a layer
of the composite lining in a helical lining arrangement;

Figure 11aand 11b shows a helical lining rig of a third configuration, in operation, installing

8
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Figure 21 shows an end connection arrangement for a pipe lined with a
composite lining. In figures 1 & 2 a first embodiment of a composite lining
is shown generally at 10a. In 9 WO 2005/090848 PCT/GB2005/000968

WoptatigpR+he composite lining 10a is provided within a hosPERIEEROF¢E96S

lining 10a comprises an outer and an inner structural layer 14, 16, for

providing structural integrity, and a containment layer 18 for providing

fluidl | Hity: rises a lining strip
éﬂ%ﬁﬁﬁ%@ggﬁﬁ%ﬁ%@gﬁ tu r%ﬁ%%%négn%ﬁ@gsegﬁéggntial contact with

each adjacent turn. Thus, each strip forms a. substantially continuous,

e icakpadstabatanitieatues el iSHNIRgSHIP DT fiesouter stdaBHah operation,
layer. 14 is wound in alfirs; elical direction onto an inner surface of the ,
tli’é%‘{‘ﬁf‘fB% 4 SCUHATRT 8 RARHEGRPTEF tHTRALP SPNALPRPREER PS for drawing
wooiagifean opposite helical direction onto an inner surface of the outer
structural layer 14. 10 Each lining strip 14, 16 is of a suitable thickness

such, that when wound, it forms a generally rigid structure of a structural
strergth’ appropriaivenraliviig applledso A SimtarRidcseh gimitigis trpperation,
J4-h6is of aidih suitapleder,winding inig.a generaliy evingdricalen: for drawing
Structure of diameter suitable for lining the pipe 12. Typically ﬁ)r_a 600mm
didprfeb8i%pipe, for example, each lining strip is approximately 15mm thick,

and has a width approximately equal to the 15 radius of the pipe being

lined. The lining strips.maybe.made of any suitable flexible material, for
e e R P R R BRE e o the T

Suitable thermoplastic material is commonly available; at relatively low

qastrinitheform phextuided shaatsupnlied oR asallpicaibiaipicalhs Beration,

material is available in widths Qf up to 9m and thickness of up to 200mm.
P IES S B MBI A GaREstructural layers form a stable structural
assembly held in place by the host pipe 12. However, the structure

gﬁi{ d &%@%ﬂa&;&g Yl é%%ﬂfc%éss%@c@&%%? {'ﬁé‘t&’ivgg'é?sgiﬁ%qﬁéﬁ%ﬁ?% ?gt aperation,

e fluids such as gas’or water can leak via the e
wrldissdeeme ofweteortaihngesit layer 18 is provided to afford the required
fluid containment

Figure 17 shows a partial cross-section illustrating an alternative seam welding arrangement
for the travelling welding 1ig, in operation, welding a seam of a tubular lining to produce a

double weld;

Figure 18 shows a cutaway three-dimensional view of a double welded seam produced by the

seam welding arrangement of figure 17.

Figure 19 shows a cutaway three-dimensional view of a double welded seam produced by

electrofusion welding;
Figure 20 shows a service connection for a pipe lined with a composite lining;
Figure 21 shows an end connection arrangement for a pipe lined with a composite lining.

In figures 1 & 2 a first embodiment of a composite Iining is shown generally at 10a. In
9
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properties. 25 The containment layer 18, comprises a generally

rectangular and elongated sheet of a thin fluid impermeable material,

arranged to form a substantially cylindrical tube within the inner structural
wayeesiewmtl hence resist internal pressure within the pipe. BOA¢@RtTal00968

edges of 10 WO 2005/090848 PCT/GB2005/000968 the lining sheet

overlap and are bonded to form at least one fluid impermeable seam

aigngtihe dengtmebihie tibes Toe Roplainmertiube 1 8ds ’%ﬁ?ﬁ@@ﬂy’ﬁﬁéQEhg 10a

partially bonded to the inner surface_ of the inner structural layer 16. The
RBEESBIS HiAf 3OS 1Y St R REtEins st iatsmity, and
thigknesmet Typicallfoiprexampiridhepeatreslimil be a thermoplastic
material such as polyethylene or the like of a thickness in the region of

4mm. The tube may be seamed and bonded to the structural layer using

Sayiseiremrsabiyainyg. idehprepieser o finitarnipip helitelltovbomdlitgptly, with each tam
teelniguassiordhermeniasiic maieralz inclyde Iﬁ%ﬁ”@&%ﬁ)géx%g% sa sub]gtantiaﬂy

radiation, ultrasound, or electrofusion. 10 Hence, the compasite lining o
e BMBOTRREAt BEHPHISESERIRimMpririaablEninites ertoimguotural layer 14
sistial sy engtiauffisleantiar vise asisiher-2.5e BHEIYSHEA NG that 1y e

reinforces the host pipe to provide a structural combination equivalent to
HEpnHRrbiBe VEISE TONG sk Seer AP iR WEHIKhCHoRReRiE Brdigriediseniéon onto an

spesifcationotirtandard-pipes ofwimiiar wall thickness, without the aid of
the host pipe. Typically, for example, a pipe lining with a 17.6 15 SDR

(standard dimensional ratio) would be 600mm in diameter, and have a
Baehrdinara stthidkin 6 ssmitrdanitgh Bt hivbitSnsnclhick sthectucahth yefenandsanerally
' I ick. In figure cond embadiment of
e LT, S & T RNy s cact
é@mg@mtehﬁ;iir@a c@awm_ves@é@dﬁ éhewibduligrisht i sy wyindticilthencture of
firsintth cARORIMEhARIG A AYG MO Tl FRIRIP AGS UIMSHR Sor exammple,
However, the composite lining 10a comprises only a single str ctural
RigB g EiR BowrImeelayempsthick, and has a width approximately equal to the

radius of the pipe being lined.

The lining strips may be made of any suitable flexible material, for example, a thermoplastic
material such as polyethylene or the like. Suitable thermoplastic material is commonly
available, at relatively low cost, in the form of extruded sheet supplied on z roll or coil.

Typically, the material is available in widths of up to 9m and thickness of up to 100mm.

Hence, the helically wound structural layers form a stable structural assemibly held in place by
the host pipe 12, However, the structure formed by the stractural layers 14, 16, alone is not
fluid impermeable, since fluids such as gas or water can leak via the edges of the lining strips
14, 16. Hence, the containment layer 18 is provided to afford the required fluid containment

properties.

The containment layer 18, comprises a generally rectangular and elongated sheet of a thin
fluid impermeable material, arranged to form a substantially cylindrical tube within the inner

structural layer 16 and hence resist internal pressure within the pipe. Longitudinal edges of

10
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The structural layer 14 comprises a lining strip helically wound to form a
generally cylindrical and tubular structure around an internal surface of
the host pipe 12, generally as described for the first embodiment. The

weoHRIngH®AGt layer 18, comprises a thin sheet of fluid 25 impRFFEERABS/C00968

material, arranged to form a substantially cylindrical tube, longitudinally
seamed for fluid impermeability as generally described for the first

apbadinent: Blfé'ﬂ%é BRSRRA MG RIFHCIMEBLIRYE B D AWK BIeal18 seam along the
containment tube 18 is normally at least 11 WO 2005/090848

et Ss0sso BOBE AR BhsdSdss el et dbthendsie the inner
sthustt dayemldsdbusdheseegnd embodiment provides a

semi-structural configuration that is nevertheless gas and liquid tight with
respect to internal pressure and has sufficient structural rigidity to support
Thelfinvithin @igipeEinifigayedparikbirdgrabodimentoia cOnmpositetinidgckness.

shown generally, at.10 ithin ost.pipe 12..The con ite lini )
i e L B R e SR B e o
éredilike partis dregiveitikesteferehoeinumerals. Like the third

embodiment the composite lining 1 Oa comprises only a single structural
layer 14 and a containment layer 20. The containment layer 20, however,

150 B R SRR B TR Gt PRRFACE PEHrSEitALIA = By Y £oRRle Donding

stcustibial lRyekddptempriseshariiing litpduel cally wouprdicierm@als include the
ﬁgne %I% %in rical and tubular strgcturgﬁaround an internal surface of

& CoREHRTSATRRRS B0 HE % ShEATRRERT e 20 comprises a thin
sheet of fluid impermeable material, arranged to form a substantially

exdindrigal dubeolpRgitidinaity Seamegior fidd LaRsHTeAtING i dSbie lining
the composite’liner 10c Is liquid tight and has sufficient structural rigidity to

SappertHsaIrahaRcEh SIHE AR {0 esiat eXReTnaspresaure srl g it rginforces
GRSHRGIESR (bR AHChURh BRIy SURROAISHNS sherliavensd: a fully

presses it firmly onto the pipe wall thereby forcing the overlapping seam
stipeieed Hoearbet s eRiThlhrnesRB SRetiERATSR RARRPBEbRRIG similar wall
Mﬁﬁ%gﬂ%ﬁﬂ%%%&%@%&t@ﬁﬁée mpReReRseneipIal Weldinging witha 17.6
methods ma

SDR (standarg dimensional ratio) would be 600mm in diameter, and have a 34mm wall
thickness made up of two 15mm thick structural layers, and a containment layer of 4mm

thicl.

In figure 3 a second embodiment of a composite lining is shown generally at 10b, within a
host pipe 12. The composite lining 10a ofthe second embodiment is similar to that of the first
embodiment and like parts are given like reference numerals. However, the composite lining

10a comprises only a single structural layer 14 and a containment layer 18.

The structural layer 14 comprises a liming strip helically wound to form a generally
cylindrical and tubular structure around an internal surface of the host pipe 12, generally as
described for the first embodiment. The containment layer 18, comprises a thin sheet of fluid
mmpermeable material, arranged to form a substantially cylindrical tube, longitudinally
seamed for fluid impermeability as generally described for the first embodiment. In the

absence of two structiral layers, however, the containment tube 18 is normally at least
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20 not be possible. In such cases the seam can be made water tight by
using a flexible adhesive or mastic previously applied during installation
along a contact area of the seam. It will be appreciated that the composite

wihmgsh0usis also particularly useful in applications such as pravitg2005/060968

sewers, and the like, where external ground loading and external water
pressure are key forces. 25 In figure 5, a fourth embodiment of a

GarRepleNag mshaNp apaelal a0, Wil g lost pipe 12. The

composite lining 10d of t urth embodrment is Similar to that of earlier
12 WO 2005/090848 PCT/GB2005/000968 embodiments and like parts

arergiue etiked eferefmieecnimeials . Thai GoRpesiteining Hod CaMKISRaheless gas

heljcallywound outer and inner structural layers 14,16, for providing
HOCEY MG IRPECtIBURPEBhRIRSHE £y Res BB FIBRO Vg R Eiidity o
sapermeahiliiiigeaeially as described for the first embodiment. Unlike the

first embodiment, 5 however, the composite lining 10d is further provided

with an outer containment layer 20, located between the outer structural

lyidgura“apdrteenespine 1 TTReRRsET EEREReTn legrsr 2y eotipriséain 2 host
aithin sheet of flidiimpermeable-material, @ﬁi@dm@}n&qi@%ﬁ& to that of the third

Substantially cylindrical tube, longitudinally seamed for flui

PSRl 45 gensamees i e asassaain kathayerderopdigent the
fisst,srnRogimenta1QfBus.4bsHNNes A0 Quter CONRINMERLIaYaES R Dyer 20.

ﬁrovide a means ofresisting both internal and external pressure. In
iR GRS Hrd obBtemiapiNEAelafered S e el of the structural

losed region of annular cross-section through which fluids can
potentially flow, in operation, via the contact areas between adjacent
turns of the helical structural layers 14, 16, and also via the permeable
donatattraymnidstwienahmbacs |ayiersd 44§, kdnaenyfuidstwiliohs enlyenerally
enigkie NGB COlRNLIL I ORPIRNANINIG 2.2 deat IMDRRNEL B0er 20, The
outer containment layers 18, 20. The enclosed region described above

FOPIESEY MRS byrpiiests idhikeectndlibe tepeotedbl toaweiatherfogrfto form
emipediment ByAYIfGS A ARMBASHS A AN IaTKAIS aRIR/ing

Thus, the composite liner 10c 1s liquid tight and has sufficient structural rigidity to support
itself within a pipe and fo resist extemnal pressure due to water or gas ingress. The structural
layer internally supports the sheet layer and presses it firmly onto the pipe wall thereby
forcing the overlapping seam surfaces together. This is particularly beneficial for hning
applications where water or water ingress is present and hence normal welding methods may
not be possible. In such cases the seam can be made water tight by using a flexible adhesive

or mastic previously applied during installation along a contact area of the seam.

It will be appreciated that the composite lining 10c is also particularty useful in applications
such as gravity sewers, and the like, where external ground loading and external water

pressure are key forces.

In figure 5, a fourth embodiment of a composite lining is shown generally at 10d, within a

host pipe 12, The composite lining 10d of the fourth embodiment is similar to that of earlier

12
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means, for detecting gas or liquid leakage through the inner containment
layer 18, by 20 monitoring the pressure or flow of fluid in the space
between the inner and outer seamed tube linings. In figure 6, a fifth

weninsdrmeat of a composite lining is shown generally at 10eeanithizr@inesbss

pipe 12. The composite Lining |0e of the fifth embodiment is similar to that
of earlier embodiments and like parts are given like reference numerals.
ErADH %%ﬂﬁ'iﬁdé Rrsesehelcalivpatind inner and outer
structural layers 16 and inner and outer tubular containment layers
18, 20 generally as descrlbed for the fourth 13 WO 2005/090848

PReliaeREIRR00681 @n@ﬁdammup Mt%@wﬁa&mtwéﬂmama layers 14, 16,
owever,.the co ite lini is rovided with termediate
e, SR 23, TOGERGE, BBl A TAPGPHREbUREF L ek v i i

layermihilidy, Theinlierm éﬁhaieeddmam mﬂéﬂﬂx@ﬁﬁ&cmﬂtm Brtbibodiment,
heet of uid impermeable terl 5 arran to form a substantia

B4 ST Py BT R DR GST mc eyes20,
gz&aerh}ﬂyme@@ﬂhemhfarmmmlmmn émtalayércsb:b%’; gioiprevious

embodiments. The fifth embodiment is particularly advantageous for
E\{owdlng smooth internal surfaces to enable gas and water tight welding

18 SRR GRS RERS e hoSt e EsS foilife shsst e ilud dermitride imaterial,
gambedsesnhsreforatbahtherampenant laysss efiile.eemBositeiBer for fluid

can be assembled intg various configurations to meet particular

R O RO F BRI OTRR ST B RS TS L E ST ipFi {gmbodiment.

preferred structural configuration having two oppositely wound helical

%HH&%&B&?%‘?@WH&%&&%J&&R% f %'Q‘(‘E‘EI[M?X? E‘X?fés?&‘mééo h internal

semi-structural linings, such as tha of the secon ment, ma
rad wirtrionbpetreltural Alidionctievivasn mdmﬂﬁyewoﬂﬁqmiéw@mh% Eriémfme an

BRSO Q&?P%%ﬁﬁ%ﬁ%&@&%@ﬁ%ﬁﬁ QUi B RCARS JOLIBRY M w, in

external liquid ingress, and means of leak
operation, via the contact areas between adjacent turns of the helical structural layers 14, 16,

and also via the permeable contact region between the two layers 14, 16. However, finids will

only enter the enclosed region if, in operation, there is a leak in the inner or outer containment

layers 18, 20.

The enclosed region described above represents means by which leakage may be detected.
Hence, the fourth embodiment provides a compoesite lining 10d having leakage monitoring
means, for detecting gas or liquid leakage through the inner containment layer 18, by
monitoring the pressure or flow of fluid in the space between the inner and outer seamed tube

linings.

In figure 6, a fifth embodiment of a composite lining is shown generally at 10e, within a host
pipe 12. The composite lining 10e of the fifth embodiment is similar to that of earlier

embodiments and like parts are given like reference numerals.

The composite lining 10e comprises helically wound inner and outer structural layers 16, 14,

and inner and outer tubular containment layers 18, 20 generally as described for the fourth

13



10

15

25

detection. Furthermore, the three containment layers and two helical

layers of the fifth embodiment assist in providing a smooth lining inside a

host pipe having severe deformities. 20 It will be appreciated that other
WOoIHig09efi#8ns are possible to meet particular design or mab&HakB2005/000968

requirements. For example, pipes may be lined with more than three

structural layers, and any suitable number of containment layers, in any

SHIRIHIRIRRS IRk WHENRIAL 1R RIHEAtY RF LDIR Ia¥etsIPEREMSE oc is further

instead of one or more thicker layers, depending on the application. 25

RIStEfatior br triemari A r SR REHh Fshe HinR R aE Q5FIRR thuiypermed outer

gfrtherembegiments, will now be described by way of example only with
reference to figures 7ato 10. 14 WO 2005/090848 PCT/GB2005/000968

hi figures 7a and 7b, a first strip dispensing rig for dispensing a twisted

e ipbtripeitistcapipéntizeshoyen 18 opepdticrs Hhendraty S0 dnFhensgh EGfaterial,
ises fir segond coaxially aligned turntabl 04. In .

g%er féi(ajn?oa %)l 1%6 %f strugf%?"}/(al%ﬁ}%ﬁgﬂ%%tgﬁ%’is%n%%%n%é%? i oas%aé}i]l?/dogor fluid

thefirscalithitabls 10290 subsegbethtaisivensintrinethdyipe. 18.A%bestprevious

segRda figure 7a, the coil 106 comprises a spirally wound strip of lining

material of suitable width and thickness for forming the helical structural

layers 14, 16, of the composite lining 1 Oa, | Ob, 1 Oc, | Od, or | Oe. It will

baafifhecisiet that Hheaspindd:0f fipureagecis showsvitlugaiivelyand dhab faces to
the concentric circles shown.are intended to represent the consgcutive )
S R 5T TR OHPE 0 B i RPTA 0. LA 1L BRataBes | molades severe
ihcfepenaent of the other, relative to a substantially fixed base 107, on an
associated set of wheels 108 about a rotation axis AN. The turntables

102, 104 are freely rotatable, but maybe powered in applications where

theaadie FoBniS et g PRERHISY Al A0DosBRpts s3Bbegissembled
SHBPOH RlatfeunLag.nhichds Frtatalle with e 1adHintahlerRRfons. The first
D bodmant ot SHaaple Somioe s prefarol Sraoheal Sbnh Bk Tawing two
oppesitely wound helical structural layers with a single inner containment laver. Conversely,
semi-structural linmings, such as that of the second embodiment, may only require one
structural and one containment layer. The extra containment layers of the fourth and fifth
embodiments provide the means for resisting external liquid ingress, and means of leak
detection. Furthermore, the three containment layers and two helical layers of the fifth
embodiment assist in providing a smooth lining inside a host pipe having severe deformities.
It will be appreciated that other configurations are possible to meet particular design or
material requirements. For example, pipes may be lined with more than three structural
layers, and any suitable number of containment layers, in any suitable position. Furthermore,
a plurality of thin layers may be used instead of one or more thicker layers, depending on the

application.

Installation of structural layers of a composite lining according to any one of the
embodiments will now be described by way of example only with reference to figures 7a to
10.
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AA', through which a helically twisted strip of lining material 112 may be

dispensed, in operation, from a centremost turn of the spiral coil 106. The

second turntable 104 comprises a platform 114, which is rotatable with the
wianwgh®sdhe platform 114 includes a sectored control aperturg &1 s/000968

through which the strip 112 is 20 dispensed, in operation, from the coil

106, into an access pit 116 as the strip 112 is drawn into the pipe. The

seeQndiurniahie, 194s JH{HIEEMXQ&%?% Wit 'Eh%%ﬂﬁl{ 5’9%3&1 ]ﬂﬁg%gﬂls Bhto 2 pipe

an underside of the sectored aperture 118. The guide rods 120

AFrehRYEY FoPRIGIEY SFRFTESHHOINNY The Sail0? Errarrisentisrs and wooadsoaxially
pit 18- iheRgEation, 1he. siri é%a‘él[ﬁlwé‘cmq@@&%&Q%Piﬁﬁ]%ﬁﬂa@%ﬁﬁmmted

in the access pit 116 by a 25 helical winding rig, as described with

BTy ErEB U2 Brsubteaswhaiimmeng g ireithe pipe

with a helical structural layer. 15 WO 2005/090848 PCT/GB2005/000968

R i ip 112 being drawn into t ipe.needs tq .

B S R e T g vt of

thetghiastisdldadBrclmopérafiomispthetivistdbthetoebeiyaoun d helidad composite
i [ Hy, required t elical .structural layer

i L B shov

seesrvan s halCherenatestes eieles fin e disprissdetiffornpizesobihd OGsecutive

i, dependencg.anthe demand for helical turns. Thus, the rotation of the

second turntable 104 guides and controls the strip 112, as it is drawn from

the coil, through both the sectored control aperture 118, and the circular

dpenttmendiB. 1021h 64 Absentbie tmivpsadatior Db dl stitwniabieulRRathely fixed

0il naturally provides helical twj 0 in dependence,on the inside
e S T A TR T e R AR e Mrmibes 102,
Aoweedrethaciatlizl twistprovisedehyl thegoit 0 withbe thstdfidienistearticularly
Egle%t the demands of the application. This is particularly relevant, for

exgmple, during formation of a structural lining in a smaller diameter pipe.

Where more twists are required, the first turntable 102, and hence the coil

106 isdotatadR aroRliNAJilediOfporE HESRANGNGIR ch is rotatable with the
turntable, and includes a substantially circular aperture 110, axially aligned with the axis
AA’, through which a helically twisted strip of lining material 112 may be dispensed, in

operation, from a centremost turm of the spiral coil 106.

The second turntable 104 comprises a platform 114, which is rotatable with the turntable. The
platform 114 includes a sectored control aperture 118 through which the strip 112 is
dispensed, in operation, from the coil 106, into an access pit 116 as the strip 112 is drawn
into the pipe. The second turntable 104 is further provided with guide rods 120, located on an
underside of the sectored aperture 118. The guide rods 120 are arranged for guiding and
controlling the strip 112 as it enters the access pit 116.

In operation, the strip is drawn into an exposed pipe end located in the access pit 116 by a
helical winding rig, as described with reference to any one of figures 9 to 11, as the winding

1ig lines the pipe with a helical structural layer.
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15 the directional wind of the spiral, from inside to outside. The speed
ofrotation is controlled to provide the required frequency of helical twists.
It will be appreciated that appropriate rotation of the coil 106 in an

woppositegisection to 'C' will result in a lower helical twist fraqUzGBY i A0iH6S

be further appreciated that the dispensing rig 100 may also be used to
unwind a structural layer from within the pipe, back into the coil. 20 In the

vent that e lining:sirip Mmaterdab ao;the call, 'ﬁ%@f@%@&&%&%@ t@@@wosgigg wound

(not shown) is installed and a new strip (not s tt-fusion welde

afaipeplyegase @ﬂ%ﬁ@i@@élm AepcsgHd fosRtgien ﬁﬁmm@m@é Hdief 5 ORetion, one
$RAES @tﬂ%‘iﬂgs gﬁ]ye&gﬂxg& Weinal %Bt@b @(F%lgr% rgﬁlﬁfeﬁ]@f Qﬁllﬁﬁﬁlx 1 the helical

conveniently accommodate cables for electricity, data, or the like. Hence,
iffeperatisicr bRy ST WHall access pits 116 are dug to provide access to
either end of 25 a section of the pipe requiring lining. The pipe is then

ened at both ends of the section and the lining strip,112 is fitted.into a
PR g 4B Lar o S PSR BSEOF TASYRE BT o 40 ats as e
betovs)diprevidé datoheceild @f, thelpipeiavrare itasihptddiftilthiesiguiss. Thus, the

ready to line 16 WO 2005/( 48 PCT/GB2005/000968 the pipe. Where,
e e L s S A S R PG A o e
figiréit@)dhésiripdserand rroithepiparby BwinéhithorsHanaprDuring. In the
nstallation.of sash SivRlural ligs. Derhelgalnding o cal i
ggé%on%ﬂé%ed%%ip% from the coill 106 tgﬁoﬁ]rmt é&%\i%%r%%gl‘%%%lmﬁs
eylisgrediieboidhsinsedardambisiddibandidOnaliche timeshs twisiét foymed.
controlled rotation of the first turntable 102. In figure 8 an installation rig

for dispensing a twisted lining strip into a pipeline is shown in operation
SRREIIRP o T SRS RFTS0 B BTRALE BUiortig Siarel D85 RAHER, fo meet
eoil dbaafing:1 84 Dy WhikhaTtod id sarantkaselohgitesralars, Kabmy &rmation of
rotatabl unted to the stand 132. 10 The coil 136 comprises a spirally
ARG B AT YA AR TR e, e fir
Hanofiae Chmpidsite dithie goil_i(l@ﬁ mm@:birﬂm,téﬂené[[ It_iﬂ'i_‘ﬁmibﬂ. R} J sorresponding to
Ipefatle sbout s cenal e 40 1 lepeieng fhe Uine malstl ¥

provide the required frequency of helical twists.

It will be appreciated that appropriate rotafion of the coil 106 in an opposite direction to ‘C’
will result in a lower helical twist frequency. It will be further appreciated that the dispensing

rig 100 may also be used to unwind a structural layer from within the pipe, back into the coil.

In the event that the lining strip material on the coil 106 is exhausted, anew coil (not shown)
is installed and a new strip (not shown) butt-fusion welded to a tail end of the previous lining
strip using conventional techniques. The space around the longitudinal central axis of the

helix may be used to conveniently accommodate cables for electricity, data, or the like.

Hence, in operation, relatively smali access pits 116 are dug to provide access to either end of
a section of the pipe requiring lining. The pipe is then opened at both ends of the section and
the lining strip 112 is fitted into a helical winding rig (as seen in and described for figures 9,

10, or 11 below), provided at one end of the pipe, where it 1s held until the rig is ready to line
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rollers 138. The coil 136 and the guide rollers 138 are further rotatable on
the bearing 134 about an axis generally perpendicular to the central axis
140 of the coil 136, to twist the 15 dispensed lining material into a loosely

wionneddeelx 112 as it is drawn into a pipe 12, during operatiom;dieneaionss

operation, relatively small access pits 116 are dug to provide access to
either end of a section of the pipe requiring lining. The pipe is then

a&%@.%gﬁy £0ds of it;@afe%%kog an %}ﬁbh%%%%%@ %%&J%Q&t%vdld%@feame to

helical winding rig (as seen in an es 9, 20 10, or

B )], ibuRiED atiue. srd b piepipe Witrbrenit Ehbreid. dhiinbéosiglistion of each
a9 ine e RinR-MVhRER R g %%@%ﬁ%gﬂ%ﬁ@d%%g% PIRE(B%he coil
described with reference to figure 10) the strip is drawn into the pipe by a

WHACR {proe Srobinine AlsRHEtA 4 Ayindates arbs lsuseectiom thedssirad6or helical tums
thraughtherolless 438 otheranil #36:and ieliers 138 are twisted about the

rotational axis 134 of the bearing to twist the lining material 25 into the
loosely formed helix 112, which is then drawn into the pipe 12. During the

imstailatidofreadiatsinueturaldayensitesheficat Wircing i entéo diawis:e is shown in

dditional twisted strip, fram the cqil 136 ta form the lining strip. i . .
Oy St ek B 17 G SU08S6b A2 Povin @ coi
P@Ti/G B 2005/000868 cilvisttafnthe tatinQesidp islissetbforrevemntditlieabturai to the
ggmppﬁyt by the winding rig. In the event that the lining strip on the coil

136 is exhausted, a new coil (not shown) is installed and a new strip (not
shown) butt-fusion welded to a tail end of the previous lining strip using

coevesitiopaldashniguespiapspasecsaunsitheionaiusinalsepiahaxisOhetical
the 5 helix may be use(ﬁjlﬁg conveniently.accommaodate cables for _ )
STRETHERY 8 L br ihePfiRES ROREOREO TR Wbdity it &t WofirsThe coil 136 is
ﬁaaf@ﬁwaﬁ@_m mn@waxzaé ﬂéﬁﬁf@?b'@@%‘jﬁdig gléigl%ﬁ@xﬂ&@ﬂé:\feffbiﬂyq@@@p@ﬂ' e guide
nelically. lining a pi , With a hung_strip dispensed from an )

R L S L O LS A VEees TP o Rgering 134
produse axpigmiily iRypeiticiliaovingngirig 2680 comprisesaipaslityiotst the
R R B LR Beeosiy Srae bt Te.s drawa oo« pipe 7, during

operation.

Hence, in operation, relatively small access pits 116 are dug to provide access to either end of
a section of the pipe requiring lining. The pipe is then opened at both ends of the section and
the liming .strip 112 is fitted into a helical winding rig (as seen in and described for figures 9,
10, or 11 below), provided at one end of the pipe, where it is held until the rig is ready to line
the pipe. Where the rig is located at a far end of the pipe (as described with reference to

figure 10) the sirip is drawn into the pipe by a winch (not shown).

As the lining material is pulied from the coil 136 through the rollers 138, the coil 136 and
rollers 138 are twisted about the rotational axis 134 of the bearing to twist the lining material
into the loosely formed helix 112, which is then drawn into the pipe 12. During the
installation of each structural layer, the helical winding the rig draws additional twisted strip

from the coil 136 to form the lining strip into a cylindrical tubular structure. Effectively, one
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In operation, however, the winding rig 150 is initially located at a near end

of the pipe 12 relative to the rig dispensing the loose helical strip 112. The

loose helical strip 112 is passed through each set of rollers 154, 156 to
woonkgusestise winding rig 150 for lining the pipe 12 with the etficat2005/000968

structural layer 14. 15 The guide wheels 152 are mounted at the outer

limits of the winding rig 150 to allow the rig to rotate freely within the pipe

1&&%@&4@@;@&5%&%@5& &@gclmihugz@g&mm e pip . }%%38.

Where fitted, powered guide rollers 154 are located in"the win
150, and are arranged to draw the loosely twisted helical strip 112
dispensegfina thelinsigllatipnighinti ROt wihding:dion kb déie @scihown) is

rollers 156 are powered by suitable means 160 for feeding the sfrip 112
R TS B SERACE PR T2 0P BAIORLISY IRGEHCR ARy g i
istéptightly Jarmeeddelixecitigupindiheailacs 1ibbekiratbitardiedrcanfiahbxis of the
nd 162 of the rig 150, relative to its operatiopal direction.of travel,
e e T S R SPTE T etoia g ke
perpendicular to the central axis of the pipe 12. The predetermined angle

imeeseD faeiRIvduEIRg: helical fEns ka6 havingsadesired belical #9RG s rig 150
generally near perpendicular to the 18 WO 2005/090848

PCRAEE 20 0BTII96 B HGAGI ARG PhiRe dfHTE BiAcH SN ENP1 56 Sipreaiggdiom an
abiiele1 bR iscclrvadribeingishapeehierg eneral oAty With thediRe! structural
surface of the pipe 12. The guide 158 is biased against the inner surface
GPtFie! Bipd ot Brevidifsly thRq TRy ST ot BHELCH RcRItEeI g Sty iy AR set of
MeAASd ek as ReT Hepkensing Rethediken 101RE BiHdmd o8 éafites de 153,

the rig 150, in aposition for, in operation, general alignment adjacent to an
edge of the most recently completed helical turn 166', just ahead of the

poierariidoTeyestiiy MirdiogaetsSthis iniﬁi@ﬂgqpf@é@idig AmgHOFTBEDe pipe 12
e, SULRCAUEN L AER 14 IRASHRRM AN 9UAR InQdRINGPMATE I passed
the edge of the most recently completed turn 166'. Thus, in operation the

durerechsachoreicaf ted@pitafwindioraelierp Svevarhaehe pivdadivrgitwsipe 12
08 the helical structural layer 14.

The guide wheels 152 are mounted at the outer limits of the winding rig 150 to allow the rig
to rotate freely within the pipe 12, about its axial centre, whilst moving longitudinally long
the pipe 12.

Where fitted, the powered guide rollers 154 are located in the winding rig 150, and are
arranged to draw the loosely twisted helical strip 112 dispensed from the installation rig into
the winding rig 150.

The pinch rollers 156 are powered by suitable means 160 for feeding the strip 112 onto the
mternal surface of the pipe 12, or previously installed lining layer, in a tightly formed helix.
The pinch rollers 156 extend from near a front end 162 of the rig 150, relative to its
operational direction of travel, towards a tail end 164, at a predetermined angle relative to a
plane perpendicular to the central axis of the pipe 12. The predetermined angle is chosen for

producing helical turns 166 having a desired helical slope, generally near perpendicular to the
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10 edge of the previously completed turn 166'. It will be appreciated that

the position of the guide 158 maybe slightly misaligned relative to the

edge of the most recently completed turn 166', as seen in figure 9, such
wihatthergurde 158 forms a narrow gap between the turn 168CTHGESNEP00I6S

being formed and the previous turn 166'. Such a gap ensures that the

spiral turns do not overlap during the winding action. The gap is 15

afiematically C9sad ILOPEIALQR sgfter the subsequent turn 166" is
completed under a force applied to its edge by the guide 158. It will be

appreciated that whilst the guide 158 described is advantageous,
diteraiidveniie P&Rﬂﬂiim&b@tﬂdﬁmﬁmﬂﬁ@ﬁlﬁt@y&ﬁfbﬁﬁﬂ}f andfansiatifGurface of

e Ioos h tr| 12.in thet Ilcal ed required to
Ilnepﬁ?eg ﬁv (?Lf—dflen?:gegl é&ﬁ) n sﬁﬁ ﬁt}gﬁ.@m\mlgmiy laid
pipetofote tsﬂlﬁﬁsz&rldﬁhg gyusmie s;lﬁt%b lﬁmeﬂﬁ&yaﬁt&éﬁﬂ@ﬁlspﬂmgl@ghe like. The
act eeI in 50,.both to 10 ate about. the cent

e e B oy B bt S i icent o
hekcgk ¢lfﬂu@1mﬁtce€mt§®omp!em hEhog, ithe hﬁﬁézﬁnsnabéatdaafeh@tmmzatd@mh the

J% gx%dcﬁ %3??1@{8%31{ ative 1oy %}%# ta" “0 g, dne helie ﬁﬁn;'@sbemeastpm

e win ng rng 15 the neWIy ructural
m"yeﬁ gadmlfi§ iy en Pordehietiodl thnﬁdmft@ma%mn@y@enﬁg@mﬁm i$6°. Thus, in

all ' lically lining, a
o B L G A o oo e
PUET A HZ00Sr00stes aipitietanaidAtig as described with reference to
figures 7a and 7b, or 8, to produce the structural layer 14. The winding rig
m rises a raI y vide eels 152, an optlonal set.of powered

i R Tereers e i e oS BRRA VORI 156 GEH MR ANgIAS TS RBRT R o
the dirst @mﬁwamﬂ@cﬁﬁ@tm pﬁr:ts e givesm likg g@fef)eme M4t algde 158

However, in 0 er € Wi Qrig 170 s initi atafarend |
ﬁfltﬁ%aﬁl%%gﬁga Iaetlve t&t‘te bile % élpen%%%h %@5‘%\@ tgﬁﬁ?eﬁofs torn 166
Bikeh theafi mtsemmﬁ@aﬂ*ﬁtmpﬂzﬁﬁzfnedtouﬁenhﬂ@ahsﬁm ﬂn&zviﬁcmgs&ebn The gap is
%Qﬁgn%tc}ég‘fy c%lsggat!n%%e?af 8\1’\/ ftett éJ slzgl sgc)lltltgr% Igg g1 1s completed under a force

applied to its edge by the guide 158,

!

It wili be appreciated that whilst the guide 158 described is advantageous, alternative or
additional guide mechanisms may be used for transiating the loosely twisted helical strip 112

mto the tight helical feed required to line the pipe.

Hence, it operation, the opposing reaction force on the pinch rollers 156, and the guide 158,
produced by the helical winding action, forces the freely rotating rig 150, both fo rotate about
the central axis of the pipe 12, and to travel longitudinally along the pipe 12, until the helical
hining process is complete. Thus, the direction of travel is towards a far end of the pipe
relative to the installation rig, the helical strip being trailed behind the winding rig 150, inside
the newly wound structural layer 14.

In figure 10 a helical winding rig of 2 second configuration is shown at 170. The winding rig

170 is shown in operation, helically lining a pipe 12, with a lining strip 112 dispensed from
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powered pinch rollers 156, to configure the winding rig 170 for lining the
pipe 12 with the helical structural layer 14. 10 Where fitted, the powered
guide rollers 154 are arranged to draw the loosely twisted helical strip 112

wdigpemsesigrom the installation rig into the pipe 12, as the swiprid@zi®s/000968

required by the winding rig 170. The pinch rollers 156 are powered by
suitable means 160 for feeding the strip 112 onto the internal surface of

the:pi preyi I | ek, | ' f helix, 15
e . e e o N U T e

éﬁ?@@éﬁérwﬁédﬁan@“ﬂ@fwér&i@aa&n%@mmmg éviei o desiféel Wibtidal 152, an
IpperAsaeneivresciitedpigrdously , Nlike: he RIeKIQSers 156 generally as

configuration, however, the pinch rollers 156 extend outwardly from a" rear
SiserabaddpirBer st POTRRIRAONO AR isblika paEs aneetisn brtralerrse numerals.

guides (not shown) are provided for translating the loosely twisted helical

ip 112 20 into the tight helical feed, required to line the pipe. Hence, in .
e A R e R e L ST RS e 12 s oo 12
bylthes helicatiwihsingsmetibn | doseesiite frepll! M iafinglrdgils? Oohbthrition 150 the
rotate about the tral axis..of the pipe 12. and to.travel longitudinall

R Ao B NG P B e e
Iniwgrpiasess isisonidiate. hiigpthédiventiog oftia0dbisipbiivardsd 2 with the

%@ggaggmft&p ﬁ%"r {elative to the rig dispensing the loose helical strip
112, the loosely wound helical strip 112 being hailed in front of the

winding rig 170. 20 WO 2005/090848 PCT/GB2005/000968 With

refesentesty figwesd-andidOidNaperatianahedkiRGIRIRGRE oY SINERIIG! helical

uragion requires careful contro| of the longitudinal travel, by means

confi '
SFHRd S RIS AR R G B P e Y DIRTE R 362 FvRized by

lie= apreciated iat mechanical and electrical sensing of the edge of the
previous spiral turn may be used to provide the means for such control. 5
It will be further appreciated that a helical winding rig of either

danfigochieHaad harcanmedde sitehicmede sedgpetredinmihamiap fbr2 onto the
SRGINIREAICD AR pREISEd IR NI IRBIed lining layer, in a tightly formed helix.
Like the first configuration, the pinch rollers 156 are positioned at a predetermined angle for
producing helical turns having a desired helical slope, as generally described previously.
Unlike the previous configuration, hoWever, the pinch roilers 156 extend outwardly from a

rear end 164 of the rig 170 relative to its operational direction of travel.

Suitable gnides (not shown) are provided for translating the loosely twisted helical strip 112
into the tight helical feed required to line the pipe.

Hence, in operation, the opposing reaction force on the pinch rollers 156 produced by the
helical winding action, forces the freely rotating rig 170, both to rotate about the central axis
of the pipe 12, and to travel longitudinally along the pipe 12, ahead of the most recently
wound turn, until the helical lining process is complete. Thus, the direction of travel is
towards a near end of the pipe relative to thel rig dispensing the loose helical strip 112, the
loosely wound helical strip 112 being trailed in front of the winding rig 170,
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helically wound strip if required. In figure | la, a helical winding rig of a
third configuration is shown at 200, in operation winding a first structural
layer 14. The winding rig 200 is shown lining a pipe 12, with a 10 lining

wstripinRskispensed from an installation rig as described withdeferemezt096s

either figure 7a and 7b or 8, to produce the structural layer 14. The
winding rig 200 comprises an outer cylinder 202 and an inner cylinder

304 The-auter.qydindes 2021is tylarhayving mﬁgg%&@gwﬂ%%@%%%%m

equal or slightly greater than the éxternal radius of the pipe 1

speratoriene eviEpPkyfifedrmpdneldrmpddymese b arfieasion and the feed
m@s&y&pﬂ@gﬁz@%ﬁa@%%m BIRS et AU SHUARIE EARS !.;1%&1 sensing

inner cylinder 204 is tubular having an’inner radius substantially equal to
tPrehiseiER P iraGinES v SHib i Ak virtd Moprofidedhiameaayifatarcheantrol.

is located coaxiallywithin the outer cylinder 202, in operation, generally

jacent the exposed end_.of the pipe. A second end 208 of the inner.
e T e e WUl STREE PR S TR e e e
eyllinceg204iis retatalsiewithia the tute foydindesR020on siditebleseheelswind the
%@E@ﬁfin %uzé% trij?‘i tlr' Einggrtion slot 212 is provided in the wall of the

: i

secon e mner cylinder 204 through which a lining strip 112

maybe introduced during operation. A helical guide 214 is provided within
theripneriaylindei2Q4.onia Nside SuriaceTarHidhg BRSNS sHeeration
through the slot 212. The slot 212 is of suitable size and shape to allow

(S % FP B BE 1 8ET 4t RSUGIR IS S8t 2P 1SR & prRERST thewith a

desied-helcalinpale-againstiheinsiden sedasesofitbe ynnakeylindat 204er figure
21 WO 005/09084§ PCT/GB2005/000968 The helical quide 214

dBristide 8 h IREICAd B AINR Bk én diH WISy ErolH P mprissstn outer

ayhadienof e inresswibeesratod.helical angle generally similar to the
helical angle required for each turn of the structural layer 14 being
formed. It will be appreciated that although the helical guide is shown

xRt g areindGns ebplirhsvias idunepdusadsianeat tadu aRlighiyereater
alterpaliveiv-hg ofany W@Biﬁe'%@gfﬂ ’of;%rﬁmg omeﬁh&rﬁ?ﬁ@f‘%? Isaclamp ed or

Sscrew
otherwise fixed coaxially to an exposed end of the pipe 12, by any suitable means.

The inner cylinder 204 is tubular having an inner radius substantially equal to the intemnal
radius of the pipe 12. A first end 206 of the inner cylinder 204 is located coaxially within the
outer cylinder 202, in operation, generally adjacent the exposed end of the pipe. A second end
208 of the mner cylinder 204 extends outwardly from the outer cylinder 202. The inner

cylinder 204 is rotatable within the outer cylinder 202 on suitable wheels or bearings 210.

A strip insertion siot 212 is provided in the wall of the second end 208 of the inner cylinder
204 through which a lining sirip 112 may be introduced during operation. A helical guide 214
is provided within the inner cylinder 204 on an inside surface for guiding lining strip inserted
through the slot 212. The slot 212 is of suitable size and shape to allow the strip 112 1o be
nserted through the slot 212 for forming turns of the desired helical angle against the inside

surface of the inuner cylinder 204.
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thread extending fully around the inside circumference of the inner
cylinder in one or more helical turns. It will be further appreciated that the
guide 214 may have a retaining shape for helping to retain the strip 112

wgeresatgegyainst the inside surface of the inner cylinder 208CIFGB2005/060968

operation. 10 The strip 112 comprises a loosely wound open helix having
a tapered lead end. In operation, the loosely wound helical strip 112 is

imitialividis panmert fropihesslin Hiepensinge g andiediiamgm ey around at
insertion sjot 212 to form a tighter helical region 218 on the inside sur%ce

Safie RRFPSHiRSraB £ e nalit drise snoa sesibnairbisel hisdrical angle

woundistetribatadjacent weeasOfalleastiig URseURREINHS B ciated that
located on it;ller side of the helical guide 214, It 15 will be appreciated
Rt fﬂzﬁ&s %éﬁ&é@%@ﬁ%ﬁ%@%@%ﬁ%&%ﬁ?ﬁW{%ﬂ@w@%@fma the

hogiupe 2y eaeiieltigbiernelicabregian?l Shashees) foMResatie: of a screw
inner.cylinder 204 is rotated in_rotational direction. D', on the guide

R S e S ER M R
theicaneney linetdl ROAurdtates thenfaelibal igeicled2 4 engageshewsen2ape for
subseguent turns of the tighter region 218, and induces an axial forc i .
A AR Sy B S IR 2 A & g 204
transtierse or turning force F2 orthogonal to Fl, on the helical region 218.

The axial component F1 acts to drive the helical region 218 down the
pipe 12 and smaller turning force acts to rotate the region 218 in direction

X’ng? EERdé ERBRER Y RTINSt Ber Rt A& bt tHeagiprialp opsration,
A thesinpan et 'ﬁ@!ﬁéa@@&iﬁqt@i%iﬂ%ﬁiﬁti&ﬁi@)%%ééﬁtﬂ&ﬂ\tﬁélélﬁﬂ@%éﬁﬁﬁ%%g, and fed

forces the !inin% tube into pressure contact with an inside surface of the

HESERRTBCIDS SRS glohétanh et adsaicrbrbssl \RHRM2ASoaghatidisrface of the
fafee drtiddevmperiashrdreionsd fareebuitdsidine IR EdOreR frdi adjacent

causes the helical region 218 to tighten, thus reducing the diameter of the

. . th
5956 20 1BT0HUR BB IR BZTORTOGISES TeGitiT e Hdhvacknyl guide 214. 1t
figlionablisteesdrpalse Radveedaovdagnaxiakie ek indperdHecn theed of the
ilontinue.}é? operation, the buildup of frictional forces is therefore

8ff- R tatory and

Once the tighter helical region 218 has been formed the inner cylinder 204 is rotated in
rotational direction ‘D’, on the guide wheels or bearings 210, by a motorised drive or the like
(not shown). As the iimer cylinder 204 rotates, the helical guide 214 engages between
subsequent turns of the tighter region 218, and induces an axial force component F1 in a
direction ‘X’ axially down the pipe 12, and a smaller transverse or turning force F2
orthogonal to F1, on the helical region 218. The axial component F1 acts to drive the helical
region 218 down the pipe 12 and smaller turning force acts to rotate the region 218 in

direction ‘D’. Hence, the helically wound strip begins to move along the pipe 12.

As the inner cylinder 204 rotates, the stiffness of the wound helical strip forces the lining tube
into pressure contact with an inside surface of the host pipe 12, thus generating frictional
forces, which act against axial force F1. However, as the frictional force builds up the

rotating force F2 causes the helical region 218 to tighten, thus reducing the diameter of the
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hence the lining action produced results is relatively rapid travel of the

structural lining strip along the pipe 12 with only a relatively small amount

of rotation. 5 As the strip 112 travels into and along the pipe 12 the axial
wipvesmebéesges subsequent turns together, finis forming the BUbSIBHGaNK 0968

continuous tubular structural layer 14 as described earlier. Maximum

lining lengths are greater when the strip is thicker and stiffer and the

Oy T b e LS g Uircton
(fetenowitifigore watennibybudibe effiisticod By heipisiniton sifregylatory and

22025l HﬁHl%tg&iBh E%H@cgg}s&ﬁﬁ RigRA0 &%a@o%@s%&urai lining strip

provided with"axially aligned guide wheels 224 biased into pressure
ebsmadiamibe ifeHhonklafbeiseihedsupyetisl IFiEaRheels 224 are

provided with a tread of suitable design and material to grip the inner
urface, of Ié ipe.12, ther resisting rotation ofg%e_ ig 220 whilst

Rl SR T T St D0 T b EHEe P et rrms
hastipinell? hefore: lihingicomtidiycesithevtapdréd end-of-thésjeoselys described
wound helical strip 112 dispensed from the strip dispensjng.rig, and fed
i s o S S e B e P s St and the
dorinsctedrter:ithie hodye 22 0tihelpig 220 s Thusicinobenatembe lifeihke.

pipe 12, the pig 220 resists rotation induced bythe turning force 20 F2

whilst assisting axial travel in the direction “X' tinder the influence of the

Vel rhfeblming-petiea PRt Ru S ey airter daorierotath e frder thdeure 11a, may
Wy singdoses ke fhssinmetaned the iullilensity f hekelicatlniaundo comprises

structural layer 14, and the associated frictional force is reduced between

P32 B7arIG A & HY BBy Ate e BT SRRl A 1 yRted 418 BResRpGgontact with

aloweae triayet alengdheost pipe witker DHnisuReiRERGSNGHEtioNalitable
forces. This allows greater 25 maximumgning_len ths and imprqves the

SRR B BTAREA G RCTG P TSGR B g HFROHT IS SURCIaRRp Of e

suitapleansmakainessshere mobile helical winding rigs are too small to
be practical. 23 WO 2005/090848 PCT/GB2005/000968

In operation, the pig 220 is inserted into the host pipe 12 before lining commences, the
tapered end of the loosely wound helical strip 112 dispensed from the sirip dispensing rig,
and fed through the insertion slot 212 to form the tighter helical region 218, is connected to
the body 222 of the pig 220.

Thus, in operation to line the pipe 12, the pig 220 resists rotation induced by the turning force
F2 whilst assisting axial travel in the direction ‘X’ under the influence of the axial force F1.
Hence, as the inner cylinder 204 is rotated under the turming force F2, the diameter of the firll
length of the helically wound structural layer 14, and the assoctated frictional force is reduced
between the pig 220 and the rig 200. The tubular structural layer 14 is therefore allowed to
travel along the host pipe with a minimum of opposing frictional forces. This allows greater
maximum lining lengths and improves the efficiency of the lining action. This installation
configuration is particularly suitable for small pipes where mobile helical winding rigs are

too small to be practical.
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It will be appreciated that although the equipment of figures 7a to 11 is
shown for producing an outermost helical structural layer wound in
aparticular helical direction, the equipment is easily reversible for
WHrodaoeg48 helical structural layer wound in an opposite hel€arGairecunses
Furthermore, the winding rig may be used for winding further structural
layers, 5 within the outermost layer, to produce composite linings having a

Q{%ﬂi'% Qé ! Igﬁ@ﬁ@% am?dﬂé% Me%EE%&éﬁ%?‘gbﬁgéﬁ'l@tmﬁh@wn for producing

containmeént layer of a composite lining, according to any one of the

ainbsaimesitelnnl sbve eatBseriednsy vapdicala e biispaiinn. the equipment is
IEIGIeNERIUIGS phedidS- o A ardendn iasialdhe semain %?%Eaﬁlc}é?{eihelical

IS necessary to provide a sheet of suitable material of sufficient width to

B seheTed terERYRnBMCEINGBE SRR Btcissddstanimdinecgiiarteimetural layers,
interpaldiameatenafisitierAhosi RIBeIA:RL RRFeVieMslLinsialiesHayeref tayers

the composite lining, with overlapping longitudinal edges. The sheet then
NEREE 5 HEEHIEHRito the generally cylindrical tubular structure for

drawing into the pipe 12, before it is impermeably 15 seamed along the

NSIApRINg edog, a}%%n%%ﬁg fa‘? 10 gstructural laer, If required 'E‘J‘%&‘Je 72 of the
atirst containmen ayer ins &fiation arran%emenlt is Ehown gefierally al
2atodinopér atidmoproviding idaontaimment tayele ohly soth pefsitndinindigunds 12 to
f%ming it into a tubular arrangement, for drawing into a pipe 12. The
installation arrangement 240 comprises a roll of containment lining

material 242 20 mounted externally to a relatively small access pit 116,

andradiatmingsactiemdiin I eveoiis akdbedeitdssificierhéer dhelimigmaterial
materjal to caver the internal circumference of the host pipe 12 with some

SV EREIT AR S SETERE GRAPSrERE R HERD AT Ay sfual to the
Therfarming sectideiBédcompsises 2 twllepportianyidtalacatadgenaealbmposite

an opposite end ,of the access pit 116_to the exposed end of the pipe .
o ENGT ORI AT A1 Rt e o B it the
kguﬁéi_a%‘i}aiy]azdsi@‘l rotafinnsigeneratty perpepdiculhe tige o) gitdinalsxig@ieably
t?e%rgé%eal%%g%ée overlapping edge and bondec to a structural layer, if required.

In figure 12 a first containment layer installation arrangement is shown generally at 240, in
operation, providing a containment layer of a composite lining and forming it into a tubular

arrangement, for drawing into a pipe 12.

The installation arrangement 240 comprises a roll of containment lining material 242
mounted externally to a relatively small access pit 116, and a forming section 244. The width
of the roll is sufficient for the lining material to cover the internal circumference of the host

pipe 12 with some overlap as previously described with reference to the contaimment layer.

The forming section 244 comprises a roller portion 246, located generally at an opposite end
of the access pit 116 to the exposed ené of the pipe 12, The roller portion 246 is generally
aligned with the exposed end, but has an axis of rotation generally perpendicular the

longitudinal axis of the pipe 12.
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WO 2005/090848 PCT/GB2005/000968 The fonning section 244 further
comprises a rounding die 248, generally adjacent the exposed end of the
pipe 12, configured to form a sheet of lining material 250 drawn from the

wil@dRydgeoperation, into a lining portion having an overlapptigdeabelsnonss

cross section 252. The overlap of the tabular cross-section 252 forms a
seam 253, which in operation is seam 5 welded after the lining tube is in

%9%%3% RIRG 22 %&ﬁﬁe}i%@ﬂﬁ&é@%%%ﬂﬂ{gqim@gjZéﬁ%%%%e%djacem the

initially rom the roll 242, into the access pit 116, around the ro

supoabeishritbedib2Ud erimasdhe (pipeashect RélisterrpEoid a0 drawn from the
injialy fatasdileaves Weral 24480 RARSESRUALIBE SQllsh Ahe.sheetion 052,

250 then be%ins its transition to having the tubular Cross-section 252 via

inkerPedie R e RS -Stae PS40 8 A ePBE R AR (hopsrsian)s seam
m@rﬁ@g@E@g@mg%%%m@ﬁ@%@mmrmed lining sheet into the
c

pipe 12 in the direction "X, to form a linéd cross-section 258. Hence, the
tube is free from kinking that might cause distortion in the lining of the
pipe42iitm.dhdehtel allonithereteerdpipingitdngituttihAbsetmrof 242, into the access
cantainment laver Ided using. infrared bonding, the.bulk of the_ _ .
B R St Mot ahiatspo s s
throeighiitiessHéety A dhsael T 2hedrsests @60 thndoZ62 Thdchgiullindedgeins its
[egignafhe.containment layet Ises.Anahserption surfac
e g 254
o pussibraraidnaiewwaybadanenidreiites alsol piibmrsulfatd 2B8y ennbblining
meiamenied;lo (beamRIaiah neel) 290 115 ASBINON SHIIEC AR, te tube
forms part of a_20 region extending only partially through the thicimesso
th& evgerdgiinaCbiraiin giysindiliodrariples ofiingart 26 2inhd 2.
absorption surface 266 forms part of a continuous region extending
hrough the. full thiclmess of the sheet, such that both the upper and lower
FRCEL0 AT S SEF CERBVEE Y BBLTERBAT 678 EFRE AR By Raed using
arfiangetoinan pu thd anfe el techirat theEibsarpiiosi 2 Ssstiace 2o66nbi enfrared
orrespanding longitudinal edge regign is ove ed, inside the tube, .
R B e A R P B R B e i dergon
bieheepinfiarecht layer sheet comprises an absorption surface 266, coloured for allowing

infrared absorption.

The mserts 260, 262 show two possible alternative ways in which the absorption surface 266
may be implemented. In the example of insert 260, the absorption surface 266 forms part of
region extending only partially through the thickness of the edge region. Contrastingly, in the
example ofinsert 262, the absorption surface 266 forms part of a continuous region extending
through the full thickness of the sheet, such that both the upper and lower surfaces are

infrared absorptive.

In operation, the containment layer is arranged in a tubular form such that the absorption
surface 266 of the corresponding longttudinal edge region is overlapped, inside the tube, by a
region of infrared transparent material, to form the overlapping seam. Hence, infrared

radiation applied to the seam, from within the pipe 12, passes through the infrared transparent
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radiation applied to the seam, from within the pipe 12, passes through the
infrared transparent 25 WO 2005/090848 PCT/GB2005/000968 region to
heat the absorption surface 266 and thus weld the two overlapping edges

wiogetherssBurthermore, in order to allow the containment layernmtoEmos/000968

welded to a helical structural layer, the structural layers of the composite
lining are also coloured to allow infrared absorption. The absorption

surf d t ' ' lour. .
B B e R AR AR UM BRIGk Saces ogethr.

polyethylene and the sheet tube layer made from a natural coloured

palyeihvigasyito-amanafueskinakiregion e aksprition BUEAGERaRal layer,
Normally, the seam is provided at the bottom of the pipe 12, as shownin
196 SrOSRL TR O oE ERIGH LErE e BRRGCIDE LR IR TRERRH prorption

angs @@mpdbiyﬁm@ﬁh d@aﬁilmmata@h@yei@mawa&ﬁm&i;m%m du.-g Typically,
owever, but the installation arran ent 240.is configurable to provide

A B RPN S B e Tog BFS S Eoc By e e v
shert fihroughihe sigonitd theyshetiedges at spagtab Hcwilkden for the absorption

ét%d that a Rather advantage of infrared welding as described
ie distinctive change of colour, which occurs at the weld

B

interface, because of the surface 15 wetting effect of the molten plastic.

Thecalounchangecanhpysed e Rigvde Meaps of MeNMRGCithaL t8ss-sections

weld and lining process is complete. Typically, the size of the access pit ‘
Feu o BB REFRIESEE TReak B dingit fsars ppresiny siafs th fBetaRfadhe pipe

the shestwdidthinwidth-andaprrexdraatebi e imeshe.0aminals PiRe surable to
diameter in length. For a larger diameter pipe, however, the containment

RiatafapRl S E SRR % & aricdhy b ad hedure b by &rpthag the sheet
widihoafining wmatetiadhdor &xammlge t5p3.5m for a pipe of Im diameter. 7
Hence, the sheet width requires reducing before entry into the access pit.

In order to do this in operation, the sheet has to be folded to reduce its

Wigti, bbeforsd@igioy v authstedverdegessipitaiod atidment deittribad above is the
gﬁg&%ﬁ@ﬁe e%é%? PRt T Qﬁcﬂ Reralon:has %}E%ﬁfé%ﬁ&%@éﬁﬁ&%%’é the surface

ndesira ormation such as kinking or the like.

wetting effect of the meoiten plastic. The colour change can be used to provide means of

verifying that the weid and lining process is complete.

Typically, the size of the access pit required to accommodate the dispensing rig is
approximately three times the sheet width in width and approximately ten times the nominal
pipe diameter in length. For a larger diameter pipe, however, the coﬁtaimnsnt material may
be too wide for a practically sized access pit. A typical width of lining material, for example,
is 3.5m for a pipe of 1m diameter. Hence, the sheet width requires reducing before entry into
the access pit. In order to do this in operation, the sheet has to be foided to reduce its width,
before being curved into the access pit for alignment with an exposed end of the pipe. This

operation has to be completed without undesirable deformation such as kinking or the like.

In figure 13 a second containment laver installation arrangement is shown generally at 270, in
operation, providing a containment layer of a composite lining and forming it into a tubular

arrangement, for drawing into a pipe 12. The second arrangement 270 is similar to the first
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25 In figure 13 a second containment layer installation arrangement is
shown generally at 270, in operation, providing a containment layer of a
composite lining and forming it into a tubular arrangement, for drawing

wintoa/mped 2. The second arrangement 270 is similar to thedirstB2@W®9es

2005/090848 PCT/GB2005/000968 arrangement 240, and like parts are
given Iike reference numerals. The installation arrangement 270

sese) ol crrigAment gwaplﬁz@}efé?é&é% pgted externally to
a relatlvely small access pit 11.6, and a forming section 244. The width of
the roll is sufficient for the lining material to cover the internal
dheuinfelenie oa‘ﬁb@hmshﬁzﬁ@e:wii;brism Wﬁﬂﬁm@ﬁmumﬁng material 242
descrj bg \C/wth ferentie to h tammen;tga%/er The form|

S SRS &

comprises & gurd etor‘*o G°SeRE SR 3 g%‘} JThe widh

reftiheling dieu?A8ea lﬁmr)ﬂierﬂgltngma&ﬂ%andmﬂmﬁi&ﬂﬂmgmﬁﬁ&&&éﬁlﬁ&e host

gwge}v{& %11272"511%5””3'% Sme roller. %g:g 24 lth e first ‘o
rFangement 240" Brfika the Foller portion &guide cﬁlcm%?nfﬁ%m ayer.

second arrangement is located externally 10 above the access pit 116 in

aRogiHamsvitable dongraving.arhertof 1N ing MM 250, 0Vel:RE: 274, 276, 2
roller 272 Into the access pit 116, The first formation die 274 is located

YiHaE TOIRIEZPY,; fSaTaElionaeEdedtht 116 and is

configured for forming the substantially flat sheet 250 into a flattened tube

%él }Sﬁe{fgrp%%%e%ﬁv sit %dBJAf € rcﬁlgrr It %% Suc%ﬁrﬁs%%ga%égnr{em 240

angl‘é relative 15 to the vertl‘ca as s own in flgure
Opditettitn whidefintisiond 4abbaafudde ssllwadtibnse8h fonmsdepyetih & tientsdgirisrnally

%&%ﬁ%@@sg %\ﬁgﬁaga%@&sysﬁﬁvx@f@m&aﬁg ‘éit{) S4HQ % PRSI 250 over

12. The second formation die 276 is configured | stant e same
Fhafviéar a3 Aeteirse feecthpifdihation of a flattened tube of cross-section
284. The second formation die 276 is 20 Iocated in the access pit 116,

tween the first % d the p ’éﬁﬁ tlon lign enerally
i RSP SR PREE LG e TR Qo s e
aac&asstslsm hathi {eminteihtrdeshapethd thhsfhaﬁﬁnedlﬁum&%whﬂsh iflattened
Y &S %gt?t?rg% I 1£rsg Tagggn at 284. The first die 274 is positioned at an angle relative
to the vertical (as shown in figure 13}, such that in operation the flattened fube of cross-

section 284 formed by the die begins to curve from the vertical slightly towards the axial
direction of the pipe 12.

The second formation die 276 is configured in substantially the same manner as the first, for
the formation of a flattened tube of cross-section 284, The second formation die 276 is
located in the access pit 116, between the first die 274 and the pipe 12 in a position aligned
generally with an exposed end of the pipe 12. Hence, in operation, the second die 276 assists
both fo maintain the shape of the fiatiened tube 284 whilst it curves substantially from the

vertical toward the axial direction of the pipe 12, and to align it generally with the pipe 12.

The alignment of the flattened tube 284 is further assisted, in operation, by the profiling
tongue guide 280, and low friction guide 282. The tongue guide 280 and the guide 282 are

both arranged arcuately, and are provided generally parallel one another, curving from a
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vertical toward the axial direction of the pipe 12, and to align it generally
with the pipe 12. The alignment of the flattened tube 284 is farther
assisted, in operation, by the profiling 25 tongue guide 280, and low

winictimgnside 282. The tongue guide 280 and the guide 282 mredxHins/o00968
arranged arcuately, and are provided generally parallel one another,
curving from a 27 WO 2005/090848 PCT/GB2005/000968 position

generally.adiasentand perpendicular te.an.o Rtk ;8L (e s gig fggm, o a

to a position generally adjacent and perpendicular to an input side
$eebivg graezldy rdivtcpbaap preesatsertiaiothe i st Sis redadstio 276.
side of each die 274, 276 into which the lining material is fed, in operation

line the pipe..Similarly, the term output side 5 refers to the sjde of each .
B R R ATeD e R R (0 2 5 AT 276 into
?yﬁimpeeﬂ%ﬁﬂg\gﬂ%megmhﬂx ﬁpqqraa‘g‘xtﬂdotnm aiﬂlﬁ%@fsm@m@gﬂ;g Nt dawhut side
[‘Itlpn iae SNown a sin earcg e quidae one or .
T e R St O R R e o e B T cofation o

semildisgrete?2guide portions arranged to form the desired curvature. 10 In
operation, the flattened tube 284 is drawn over the tongue guide 280,
locating the tongue guide 280 within the flattened tube 284. The tongue

gurid badudhstsweree ith arsaitbmieh Seppea mershonictonienidss 280, 282 are

QRafatienPassesdiitoneh.a gapibasmed bydtherfiattensdarsoseamedy comprise a
edges of the tube 280, for holdin% the tongue guide 280 in Elace. Hence,

LRGS0 Cr sPriLkist s RS IRt b foan gahgurvature.
curve from the first to the second 15 die 274, 276, thus helping to align

e latnes v RS e pingAg, e R1AdING 16,2480 B RIBNIARE iongue
generally adjacent the exposed end of the pipe ?L%g ard 1S corifiguredto
@ﬁ#tﬁ@sﬁébhbfﬁlﬁrﬁﬁgmérw 250 ”ahta\hslmimm EG0 29412rmded tin'thg suitable
R0ction (RYngGan oysIaPIMBJURYIRRAIREREEH0N Ene ARASREIRstMiBid un-
reference to figure 12. As described previously, theoVverlap of the tubular

crevbedtoOR 97 fohhdth . Jenhe 98], tixpeukehatdspiatioplagss Elanse, the guides

weldeshafler e Jining e isinRlRce 2 GNP Lol RES IR-OREIAHAR second
the tube is initially fed over the %wde roller 272 through the first die 274
die 274, 276, thus helping to align the flattened tube 284 with the pipe 12.

‘The rounding die 248, 1s provided generally adjacent the exposed end of the pipe 12, and is
configured to form the sheet of lining material 250 drawn from the roll 242 into a lining
portion having an overlapping tubular cross section 252 as described with reference to figure
12. As described previously, the overlap of the tubular cross-section 252 forms a seam 253,

which m operation is seam welded after the lining tube is in place in the pipe 12.

Hence, in operation the tube is initially fed over the guide roller 272 through the first die 274
to form the flat fubular cross-section 284. Thus, as the containment layer sheet 250 passes
from the roller 272 fo the first die 274 it forms an intermediate cross-section 286 before
entering the access pit 116. Once the flattened cross-section 284 is formed by the first die 274
the lining material is curved towards the axial direction of the pipe 12 via the tongue 280 and

the low-friction guide 282. The flattened tube 284 has a total width approximately half that of
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to form the flat tubular cross-section 284. Thus, as the containment layer
sheet 250 passes from the roller 272 to the first die 274 it forms an
intermediate cross-section 286 before entering the access pit 116. Once

wiheofiseeesesd cross-section 284 is formed bythe first die 274F25 HaB2lipdgeoes

material is curved towards the axial direction of the pipe 12 via the tongue
280 and the low-friction guide 282. The flattened Who 284 has a total

\Méjgll gﬂﬁ?ﬁ%@%&ﬁ%&ﬂ@ﬁg cé@e\é\{g ﬁ%oé gﬂ%@éﬁr small access pit 116.

PCT/GB2005/000968 the original sheet width and Hence can enter into a
relatively small access pit 116. When the flattened tube 284 is oriented
Goneecthe if passes ﬂzlitr@mgh ibesesetddiec?oit tpw@&dﬂnﬁ@agl@lﬁm Hegogle dic 276
48. As een| f| ure 13.the flatten tub sdraw fro
RO R PR e B 4 T I 03 B 0 CrBEisd g crev
28t hfaremi tfaﬂmaghie\mg t&mm@ﬁt&ﬁwﬂywﬂm&m’aﬁmmﬁm a88 before
RARS L Rn auan e, ounding die 240, SIS (0L AR e
e'bl e rawsﬁH TuBLiE rmed INing s ?L%
mwhétmgréetim& O worforimat h}mdnamwes@eﬂm’f ﬂﬁ&zp«baheer,s tﬁmetzubbbnb formed

%%fr%e r that nﬂjght a se IS'[QE(IDI‘I |@the lin |n gfotsrg_edﬁomgsg Hence,
8 ?1 nce to gure erein rare seam wel INgis

tbqtubed$ thes hugils bﬁﬂﬁﬂglﬁe&‘wﬁgai raven tslyel o atehialisicpoiitedioe.
allow infrared transmission through the sheet. A longitudinal edge region
of the containment layer sheet comprises an absorption_surface 266,

COIBERETP FOr Ao TTE A 20 EHB L or PUGTE RHETRISERE DBo a8 tefety e bulk of

pessihigatiesnalivenvrya it viuckthe ahsemphionsuiiacas2Ra MmaNbethe sheet A
|mplemented as described with refere ce to, the first arrangement 240.

R AP RRSHRSECRY ﬁ&?ﬁbﬂlﬁm% BERFRSREIOTRErHRE TOPRTRLH S e 266,
layens:0fthel eompositerdihibgopiie. The nidrkraseceadiaionyd bessibR gtemative

T RS RSTLIE) PO TN BE AL S Re AT A e

thinfektestdoremimitd4datural uncoloured state, it is partially transparent to
short wave infrared radiation. However, the materials maybe made

opaque to 20 infrared when coloured appropriately, for example black,
Mﬁ@gﬁé’l wikog farbeading gnd/or seam weldig the component layers of the composite

lining is the use of infrared radiation. The use of infrared radiation is particularly
advantageous when using thermoplastic materials such as natural polyethylene, because
when the material is in thin sheet form in its natural uncoloured state, it is partiaily
transparent to short wave infrared radiation. However, the materials may be made opaque to
infrared when coloured appropriately, for example black, using dve, ink or embedded
particles or fibres made from absorbing materials such as carbon. Thus, short wave infrared
radiation, which avoids the peak absorption specira of many thermoplastics, may be passed
through an infrared transparent sheet in pressure contact with an underlying sheet, the contact
region having opaque material ai the interface. Hence, the opaqus material is heated and

consequently melted to weld the sheéts together.

Additionaliy, infrared radiation warms up and softens infrared transparent thermoplastic

material, because the material still absorbs some of the infrared energy. In operation, this is
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particles or fibres made from absorbing materials such as carbon. Thus,
short wave infrared radiation, which avoids the peak absorption spectra of
many thermoplastics, maybe passed through an infrared transparent

weélwes o ssure contact with anunderlying sheet, the cont&€H/ f8igN3/000968

having opaque material at the interface. Hence, the opaque material is
heated and 25 consequently melted to weld the sheets together.

Aeditiapally infsaneditedialignmarms iR aoehseiiensiniarad UARSRATE e shape

thermoplastlc material, because the material still absorbs some of the

PP EpELY R GS T B BHSTEHNE RS ye Sestiayomsewien appropriate pressure is
P@T@‘BZOOSIOOO%S advantageous, because it can help athermoplastic
containment layer to conform to the shape of any deformities in an

outer-lying structural layer and/or pipe, when appropriate pressure is

apfliecs M fig i feswiddiodbgaswidingaigri s ho%0na. Q@me@ﬁ?@ssﬁmmpgﬁ’ciom

%Qag IS i nQ eratj(ﬁal 5fs eam,buleldmc%t%x.gr?en% 3!03;6 gllég)ﬂlﬁﬁ] substantially

con alnmerlﬁglayer ﬁ% lIst'su stantlally simultaneotis! y W
em@nmemﬂax@ﬁms o acstiziotoeal i I&mrmtmaélwmpééﬂénm gpmposite
Pg%ng 300 will be described with reference to a composite lining 1 Oa
acc ing to the first embodiment. It will be appreciated, however, that

the welding rig 300 may be used in the 10 construction of any similar

lmipgiginoiuging € mpasiteviing fkdbs tQCckRehs10QeiAeco0ding dedthe to the first
second third ri

fourth, and fifth bodiments. Furthermore, the welding

FrPeaTY T B%El\%ﬁtﬁ%%%?? SWﬁYféré]baWQ?d% s SR ERgPe ik in e
fﬁﬁi@ﬂfﬁ&;dﬁWi|£ll%&iﬁﬂmﬁﬁiﬁf@,dinﬁﬁmyedsnﬂst&ﬁﬂéﬂM1§@ o, abbanding@recording

sible us a usmg soun
B0 S5, B A CREL: S A T o R AT e S o gl oe
desafibght ghi &lﬁbmﬁem BbAral setldiig adicdsedubets E%;Iassﬁamﬂvbelampgamatud
;[')OI"[IOI‘] 381 Q{j a}glurah? a{heet We{l)%lé ortlonasS .31 arThe e, u
S8HIoN 304 s pre(l)w eda }ﬁon SRt OF Pne rg, resllaﬁve% elalﬁ’ectr exmftp sing
ultrasound or electrofusion.

As best seen in figure 14, the welding rig 300 comprises an airtight shield portion 304, a set
of radial wheels 306, a seam welding portion 308, and a plurality of sheet welding portions
310.

The shield portion 304 is provided at the front of the g, relative to the direction of
movement ‘X’ of the rig 300 from one end of the pipe 12 to another to weld the seam 302 of
the containment layer 18 and to bond it to the structural layer 16. The shield portion 304,
comprises at least one sliding seal 312 configured to provide an airtight seal between the
shield 304 and the containment layer 18. It will be appreciated that any suitable mumber of

seals may be used.

The radial wheels 306 are configured on the outer perimeter of the rxig 300 to allow the rig to
traverse the pipe 12 in a longitudinal direction. Hence, in operation air pressure applied
behind the rig, relative to the direction of travel ‘X, creates a pressurised region, which

causes the rig 300 to move on the wheels 306 in the direction “X’. In operation, the pipe may
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movement “X' of the rig 300 from one end of the pipe 12 to another to
weld the seam 302 of 20 the containment layer 18 and to bond it to the
structural layer 16. The shield portion 304, comprises at least one sliding

weezln31Rgsnfigured to provide an airtight seal between the ek B308000968

and the containment layer 18. It will be appreciated that any suitable
number of seals maybe used. The radial wheels 306 are configured on

e QLIELREY Qhithgd iﬂe%ﬂg fgr%gﬁﬂ%ﬁ%e lﬂgatﬁn RN ASESS 1‘:9:%8 M a sealed

12 in a longitudinal direction. Hence, in operafion air pressure applie
SEmtEclHEeRDrelatve i Heaunesebittyave thX diesetiB sy pressurised
region, which causes the rig 300 to move on the wheels 306 in the

I GRTDBUSED beoYALLLMRaIRY By AB fhbar i g devic

yta fan (etsshowin)dgicateHdnca, s&al@&brsﬁep,(lﬁ&t shblwnhat Meﬂﬁﬁﬂﬂ oft at a
the e relaél  to,.the . dir ctlon X' The i 300| connected.to a win
ek dpiteitot g

TR ViR CHPR s 1 CRraTing B VitE TritdEhe Pe 15 mder e

premelser&hﬁgmmd@eme;mmgpmammn, the cable may be played out at a
5 predetermined rate, thereby to control the velocity of the rig along the
p| e 12 under the pressure created by the pressurising means. The air

S PEBEHRTP IS Yy 860 Hltsactdsts foree tee entamanidatayérang struotural
mlstnmtmadgmr&elﬂmk@ againshinedmaer sthiace ohtheNASinRg? that the

This helps, to ensure that the correspondlng welding surfaces are kept in

PSP B R I RERIMG R HREE S O SO PHBAY Bl iRyl that any
dusing welding Rnd.subEeoweicoalinguis sssiadyiaiy 1o dueeshtidiNereduced.

seam welding and sheet welding portions 308, 310 each comprise at least
one infrared lamp 316, 318, directed radially outwardly, for respective
wetdipgrot théeomaisher ntalieg pseapnstis, dnd oictheooonmizdntiesst ayemfared

Il%lﬁ% e Lfﬂ%e HM%Q:&%&EH%M&%& 5 M&JQ&IW&M%@ tﬁ%actom ent layer

welding of the containment layer 18, fo the structural layet 16 may be

eprpieedid ahips @nam@raa@féﬁyﬂfdﬁéﬁéhwéd@@alg@ﬁmﬁ@ﬁéam Weld will be
Ap RS ARdREIVEent sRetveld Qrthedilka: 1@99@&6\{19@&5&%9}91 Mer 16 may be

surfaces and the associated region are cooled
completed in any suitable pattern, for example, as a continuous line weld or as an intermittent

spot weld or the like. In operation, the welding surfaces and the associated region are cooled
by allowing air 320 to bleed over the weld surfaces and through the welding portions 308,

310, and other rig members to a low pressure side of the shield.

It will be appreciated that although figure 14 shows a single sheet welding portion 310 and
figures 15 and 16 show two, there may be any suitable number of welding portions 310.
Typically, for example, there will be 4 to 10 sheet welding portions, depending on the
diameter of the pipe, evenly distributed relative to the internal circumference of the

composite ning 10.

Referring, in particular, to figures 15 and 16, the seam 302 comprises internal and external
overlapping layers 324, 326, formed from the longitudinal edge regions of the tubular
contamment layer 18, as generally described previdusly. The innermost layer 324 is infrared

transparent, whilst the outermost overlapping layer 326 has an absorption surface 328 located
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by allowing air 320 to bleed over the weld surfaces and through the
welding portions 308, 310, and other rig members to a low pressure side
of the shield. It will be appreciated that although figure 14 shows a single

wehawtmskihg portion 310 and 20 figures 15 and 16 show tRGTAGRIEFay968

be any suitable number of welding portions 310. Typically, for example,
there will be 4 to 10 sheet welding portions, depending on the diameter of

tmg'ﬂ&eﬁy@éﬂxt@@ﬂa&g@.{}éﬁ,@ﬁxeﬁstﬁ%ﬂ@?m &&%m%@%@sﬁsﬂ%m%ezzs

composite lining 10. Referting, in particular, fo figures 15 and

@éa@fbs@1@ebﬁms?%@@iﬁi@ﬁr@%ﬁﬁ@ﬂé&t@?ﬁhrthzsr@@éﬂaﬁﬁwgﬂa%ucsf §sseam 302 to
326, fapmedfiam the 6%9%]&?&9@%’5@93%%&&@ edbiRelar Gontainment
|

layer 18, as generally des previously. The innermost layer 324 is

infrared transparent, whilst the outermost overlapping layer 326 has an
disaipon istiufdee 328itedated 3bANE ﬂlﬂﬁ/@&&ﬂﬂb&e welding portions 308,310 are
PCT/GB 00 the interface etw n the layers 32

ﬁOIn?etﬁé%q egatlon Qﬁ AbSorptc o%%sur%ll m%ﬁ? ABESHSE R mafr“:a?‘éﬁl axis of the
na;imlibsudirétaed ti;mughitme mmémg@mﬂws%&@m@ ﬁaemeamblaﬁazmve to the rig

and Id, th verl in one,ano ﬁl}&l’ at the
? ace fi-ngevYS @ apg'a)%s us er § 10113 popﬁglgo & tn%se%nwelau}g

rg 306¢ er prowde earing
mm%mmm&mammaﬁme@dmﬁm b:eaimﬂmt:ﬁcwrthngm along
ft%” Q'E%é YQS"&"% Q&%&g%@%‘&@%ﬁﬂf g}? o LSl I —
ope |on wel g portions 310 are rot B relative to t erlg

3pocaad the pipe 12 about the central axis. Thus, the rotational position
of the seam welding portion 308 may be automatically adjusted, in

eration, to allow it.to follow seam,.along _the pipe using mechanical
oA SO P R e BT B Ho O DT e o 330 and
sy densacTdlisieand shéﬂm@@nﬁomwa)iwmeemamweﬁ withdiseal is arranged
onal ressu fan 0 and ast one additional, slidin eal]ﬁg ot
ﬁown ﬁl %&ggmw g0 &ath's zltlaaa nb %‘?@S“als (SifB ?pg %@5 S the fan
Seantiereke] negpamtwimﬁte mamewmmmpmw ﬂmﬂiheréaﬂf the seam
18913*‘22‘%?‘?%&‘ EEFJ"" ion; (g2 A3Q Rrovides gdditional Presaie Qaces. As
e areao
best seen in figure 16 tb;s creates a better contact between the overlappmg layers 324, 326,

during the seam welding operation, thus improving the quality of the weld.

Alternatively, a sealed membrane (not shown) could be fitted over the edges of the seam
welding portion 306 to exert additional pressure on the welding overlap 324, 326 as the rig
300 travels along the seam. Any such membrane would need to be b-oth transparent to
infrared, and heat resistant to prevent damage arising from the heat of the weld. For example,

the membrane could be made of transparent polyester or other such suitable material,

It will be appreciated that without local pressurisation the seam surfaces may, in some

instances, only make a line contact rather than a full contact across the width of the seam.

Verification of the welding process is carried out CCTV cameras (not shown) onboard the rig
and/or by later inspection. Good continuous welds are indicaied by distinctive colour change

of the welded area. On completion of the lining process, purpose made couplings are
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15 302 being welded and also a means of cooling the infrared elements

and weld surfaces. As best seen in figure 16, this creates a better contact

between the overlapping layers 324, 326, during the seam welding
wopsnationga#hus improving the quality of the weld. Alternativatyraceraiedorsss

membrane (not shown) could be fitted over the edges of the seam

welding portion 306 to exert additional pressure on the welding overlap

324,320 85 1he 119,20, 300 uavelb long e ssa, A AL MSMBIAN e ang
wou neea obe () ransparent to infrared, and heat resistant to

praventadamagerdsising/iio thethprhaaiat themlsslthsFor example, the
membrane could be made of transparent polyester or other such suitable
material. It will be appreciated that without local pressurisation the sewn

Suftgeesimay Arasie tHutanesEn periakea tine ebiRg i F At rBP Tngegerally at
fihcontastAGiessibsoridi el theseamy sAbi Merfisatnnaithe weldiog described

process is carried out CCTV cameras (not shown) onboard the rig and/or
B ateieTRapr oA s dodocShit st WEROEDE SEerERrS P &Y Ut Riber than fo

colaurehangenetdhe welded area. On completion of the lining process,
purpose made couplings are 32 WO 2005/090848 PCT/GB2005/000968

connected or fusion welded to the ends of the lining and the lined section
Piessare westink andide dkGecterf s aactrdand sivaih thelappwe pefteen the infrared

iegulations. 10.figvse Y, anAlenative seamweliing RRHIoRAr g on 344 of the

welding rig is shown generally at 340. The seam welding portion 340 is
gewerdREimilbe WigiedirdiheppriBrcsomitasdho wd gt persy B B distinct
fanres 4 19,19 HaRGe, il nokhe descris) agaimds dpidiRIneilhan in two
to highlight differences. The seam welding portion 340 comprises an

wpatadisliveraralyl roRsE BN te SPIFSFetP A Pip afiditHecisiprdned by the

Theshield 3d2is configwradiie, BIsieshA el abROEIORA4 440 thes s8aMtantially
302 from the infrared radiation, in effect s Iittingﬁﬁe infrared radiation into

feienet rend i BERR S P Bie AYCTBRERS VeSeltion Ot 4B K elfs diy

operation results in two substantially parallel continuous welds 346,

aced apart b istan eter, '\qug;{lhg. idth.af the. shielel. ThuS . :cori
A e SR R B ARy e
by pressurising the conduit 348 to assist in detecting the presence of leaks anywhere along the

- full length of the seam.

This represenis a particularly advantageous configuration because the gas and liqud
containment integrity of the lning is dependent on the integrity of the welded seam. The
verification test may, for example, be carried out during acceptance tests of the completed

lining.

The basic testing procedure involves substantially sealing the conduit 348 at both ends of the
newly lined section. Air flow, along the passage is subsequently checked before the conduitis
pressurised using any suitable means. Any leaks detected are generally indicative of a
problem with at least one of the seam welds. Conversely, the absence of aleak confirms that

both welds are satisfactory and hence the seam is verified as sound.

In figure 18 & section of an alternative configuration of an infrared double welded seam is
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enclosed conduit, bordered by the overlapping layers 324, 326 and the
welds 346. In operation, therefore, the conduit 348 may be used in a
verification test for seam integrity, 15 by pressurising the conduit 348 to

wassetimaetecting the presence of leaks anywhere along thecCiMigamighoefes

the seam. This represents a particularly advantageous configuration
because the gas and liquid containment integrity of the lining is

depeRIRALAn e YieOMy Ok IR MEIRT SBAM 3508 ‘é@ﬁlﬁ%@f&@é%%@?%y in the

for example, be carried out during acceptance tests of the comple

AREGCTHE Bsi wastirfdeprarsdafrevinblvES Bausidhe anycs exfrigpaies layer 324 is
GOARLIL3AA RN endel 1, RewhiiineR SEEIAR N O WIPIONGHTRS fhe seam.

passage is subsequently checked before the conduit is pressurised using

i Suitdtste theepis TgE i aRiclehiarany e aoRE B A4 has a larger
Rroblamyuth atdsastone of g srRmelds Ganversehnthemhaepee of

a leak confirms that 25 both welds are satisfactory and hence the seam is
verified as sound. In figure 18 a section of an alternative configuration of
anwintizy echdmiiitel tretdeprssam w88 RDOSIANE8AB 4, the cross-sectional area
PCT/GB2005/0009 shown rally at 350..The double welded seam
e L T R R s om
fionalesad7hedbnedennthe diiveg. overlapping layer 324 is further provided

with a recess 352, extending longitudinally the full length of the seam.

Hence, when the scam welding operation is completed the resultin

. ng .
CORLRC S8R FAR S R S BORRISBIEBE S AP PRaRTtiE BB dR hgther suitable
aessolet wilhieietenemiodigensldyér liwi lobBcapie giateshpadmipe components
Eractice, vﬁwre infraﬁg%welding is used, the cross-sectional area of the
P CORATTEIRETE Sdequate for the verification test, due to distortion
arising from localised heating during welding. It will be appreciated that

alfrough, infared tegh ﬁﬂ&ﬁﬁiérﬁﬁgsﬁf&%&ﬁmq etal, ﬁ%&éixﬁ?@&%nﬂq% may be

methods for seaming the contaimnent layer, and for bonding the . _
STRPOSRHEGIPETID Al B PSS ISR P RACIREF BiRE pés siidar to fhat described with

reference to figure 14 in particular.

A typical ultrasound rig, for example, 1s fitted with ulirasonic welding tools which radiate
ultrasonic vibrations though the internal overlapping layer 324 to weld the seam 302, and
through selected regions of the containment layer 18 to weld it to the underlying helically
wound structural layer 16. For successful ulirasonic welding, the liner materials are
preferably thermoplastic, so that the ultrasonic vibrations induce a thermal rise at the bonding
interface which heats, melts and welds the appropriate component parts. In some
applications ultrasound bonding is faster than infrared techniques. Furthermore, ultrasound
bonding is particularly advantageous for welding thicker comtainment layers because
ultrasonic vibrations can generally penetrate deeper than infrared radiation. However, the
ultrasound method requires a higher pressure contact between the containment and structural

iayers.

Amnother method of bonding the composite pipe components is by electrofusion, which is a

common method of bonding fiftings to thermoplastic pipes and the like. Electrofusion
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One such method, for example, uses ultrasound. The ultrasound
technique may be implemented using an air pressurised pipe traversing
rig similar to that described with reference to figure 14 in particular. 15 A

wiypieahatrgsound rig, for example, is fitted with ultrasonic weidirigp toe®00968

which radiate ultrasonic vibrations though the internal overlapping layer
324 to weld the seam 302, and through selected regions of the

mﬂm&&g«a@w&%ﬁ?@% it fo,thad q@%Q%g@%@%%%@ﬁ%%%&f&%@faces,

ayer 16. For successfuf ultrasonic welding, t ner materials are
piefeably tieappattie, Secthatchzenitthsonib Vibratibnsdindusesathdmisdfusion

lisgAtdhe honding 2Q.interfage whiehhs ats, sgls r%‘{ﬁk%%%%m. The surfaces
appropriate component parts. In some applications ultrasound bonding is

fAs P RsaRcHisEh e st Ribesd ihheirneheatafireson AT detriinigad current, for a
pRticuiany-Advantagenus traelding thicker containment Jaye's BEGAUSE Y ana

ultrasonic vibrations can generally penetrate deeper than infrared
FaeraRvA I dwEddPEETultrasound method requires a higher pressure
contact between the containment and structural 25 layers. Another

ethod.of b ing the.co Si ige omponents, is by electrofusion, )
R O T R Ren 202 MRt Bisahsaprivec
thedikes dEEhbetidiusiones34 D R2OO5086848IRCHIGR2005IHR09GRg manufacture.
i resisti tin ires eerd ed. at the interface between tw: .

D B R R AR W hosc e
tharemanibodesniied arelavsbiusiopresyste mthtinaweitas fmed doateik inatheale inner

shirfacessta, behonded 19%}%@?%‘E%ﬁ%é&%m%&ﬁh&”@ﬁﬁaa%? the like. Hlectrical

subsequently brought together and the wires heated using a
pratietamprRie énetosel Ssicafdbenmibediichvape robihsdficie melding process

ensiehaubhiednierlase sufacesimelt and mpchiapieally bond together,

Application of electrofusion to the lining of pipes withthe composite linings
described, involves embedding wires at appropriate places in the

etntaifnoent layerduiagurisedtacty ieinfipasecuentys thelcestainmesticet and is
l\%@rqﬁic it ﬁ{?\%%%lf,o{ﬂg ?{]a%lpfg&%?ge %rlgcgsrsloi%tr %%econtaimnent layer is

necessarily more complex, because of the requirement for heating wires to be carefully pre-

mnstalled in the surface of the sheet material sheet in factory conditions.

In figure 19 a section of an electrofusion double welded seam is shown generally at 360. The
internal overlappmg layer 324 has a recess 352 provided along its longitudinal length as
generally described with reference to figure 17. Embedded wires 362, are provided
longitudinally adjacent the recess 352, for seamn welding the sheet tube and sealing the
resulting conduit 354. As described previously, after welding, dark lines on the surface of the
mternal overlapping layer 324 are indicative that the welding process has been suceessful,

provided the thickness of the sheet is not too great.

In figure 20, a service connection for connecting customer pipes to a supply pipeline lined
with a composite hning is shown generally at 400. The connection 400 comprises a

connection tapping having a body portion 402, a retaining portion 404, and a fixing portion
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10 as generally described previously. Air pressure is then used to force
the tube onto the inner surface of the structural layer using an inflatable
tubular bladder or the like. Electrical connections are made to exposed

wenidesebtha embedded wires and the fusion welding procesBCtarBe@h 968

substantially simultaneously for the whole lining. Electrofusion is

advantageous because it is independent of the thickness of the sheet and

IS, d5.very quic weld. Howe er the manufacturing pr [ the .
R 0 L G B8 L 12 R AU TR BN composic
tedug edaentdolileatihg fvitestodmearéfutiyl peepinstiaied inwieessihfbde tfpping
he sheet material. he%ti tac_)[{ cEndii . In figure % Egggn f .

D T e R R B P PR o
Sventdyepifiy thyerdad.Hasd fasdser3BthprovioEteltn gl topgiwéifal generally

length 0&919&{5%@@%1%§§%&b9&1%%§%§5?a%ﬂﬁg&grﬁ GV RohfeEIPRIR o oas

wires 362, are provided longitudinally adjacent the recess 352, for seam
wekdingahw sheebtwbd sadiseaing telifesulting conduit 354. As

" described previously, after welding, dark lines on the surface of the

internal overlapping layer 324 are indicative that the welding process has
DR G REaT . DO GE e TR M U CHETTE A 0 By papsetion
ihrfiguiie: 20isbEesviceneopnetiieh fahephireding Costemeripipestand through the
supply pipeline li e(;i with mposite lining j own generally.at 400. .
T R s B e B R A g o pe e
posiitn A tiarétEiningppoeien dQ4ndmg svéstingop ottionwBEMiOoperation, may be
2005/090848 PCT/GB2005/000968 406.. The tapping 400 is shown.in .
SO B S A B o B R e SR compost
doogrdihg to the first embodiment. It will be appreciated, however, that the
tapping has similar utility for pipes having any other suitable lining
including a composite lining as described for the secaond, third, fourth or

iR B BB TORA O HREBTH U 56 TR GRETRNPS SRS e eBamsdaBhne 400 in

tappipesforeonvaationaticennpetoisits GRNRAGIRE Iondalakangas: IRESround
lined with polyethylene linings or the like. The body portion 402 comprises , .
£ By SIORBY o P BLAEIE ol Ut RO RSB Ao W hich i operation is

threaded onto a mutually engaging threaded portion of the body 402 protruding externally
from the pipe 12. The nut 406 is then, in operation, tightened against the pipe to clamp the
pipe between the nut 406 and the retaiming portion 404, thereby to secure the tapping 400 in
place and provide a substantially finid impermeable seal. In operation, a customer connection

may then be made to the fitting 400 using any suitable valve.

Connection tappings are typically fitted either when the pipe is not in use or when working
under pressure. Connection to the pipe is generally made at the top of the pipe to provide easy
access and to avoid any liquid (in the case of gas pipes) or solid contaminants, which may

accumulate at the bottom of the pipe.

Service connections to supply gas or liguid o users have to be disconnected before lining
commences and then reconnected after lining. These connections are normally accessed via

access pits and use special ferrule commectors to seal to the ining within the host pipe. This

36



h

16

15

20

25

through a suitable aperture, provided in the pipe 12, and for screwing into
and through the wall of the composite lining 10a, thereby to provide fluid
access to and/or from the pipe. The 10 retaining portion 404 comprises an

wexpasusngiyvasher or cone, which in operation, may be puspetdrrougivooss
the lining 10a, to retain the tapping against an inside surface of the

composite lining 10. The fixing portion 406 comprises any suitable means

for tightly securing the tapping 400 in the, pi d for providing a fluid,
R R R R CBNEAH ARy AT 16 fgttons o
tapping elypicatysdobekabiple stradiingnpatition cemprisdly aadd tnvhictopiof the
ration, is threaded onto,.a mutu ngaging threaded paqttion of.the . .

B e, R Sevea
optriom bigmewankdyamsstthelpipedetdlanpithe @ipe between the nut
406 and the retaining portion 404, thereby to secure the tapping 400 in

lace and provide a substantially fluid_impermeable seal. In operation, a

FOMER COMREEIBIESY6 i) tRenE SRR s MuRGAOHI ARG ARy between

suitableivahierCannresianRREings e typicadhelitted efherwhandhenstaliation
pipe is not in use Pr,when orking under pressure, Connection to the ﬁipe
%C@eéﬁe'rlaﬁ? BRI RS 18 B EHHSR HeRAAS BEPLduRESSEHANDREVS to be
avoiedny figuict£in the Taserafigas pipeshacaoliccontamipantte WHIGH to enable
grvice cognections to

may ac umulate at thf bottomto thesQia%eaZ%%S nsto |

SUppIY GAE OGO i UseF R ale’to be discorheed Betord g ne ~or notma
oolwtisthices|mnd:th eniretoimeciedgitardinimgndhisSe-eofinestiontiadao the pipe
ormally.accessed via access pits and use special female connectors to

R s T TR PRt B0 G RO Rt or e
ROEGB2005 066 H ayje vhslepdpaliyrghidend piponredtol s fatticphadyss welds
uited to malting servj nnections to flee eamposite lining descrihed.

B B e I R R e
@ preferabiesthattieyamoidtine tsdheiminghe sheet tube. This can be

achieved at installation by ensuring the seam is located at the bottom of

the host pipe. 5 Installation of thermoplastic, such as polyethzlene linings

JElitertechgh y 88 e SPRRSHoBesystem is shown generally” at 450. The comection

arrangement 450 allows sections of lined pipe either to be connected to one another, or to be

connected to an unlined section of host pipe.

The connection arrangement 450 is generally similar to the system described for conventional
polythene pipes. The arrangement 450 comprises an annular flanged portion 452 of greater
external diameter than that of the pipe 12, and of internal diameter equivalent to that of the
composite lining. In operation the flanged portion 452 is aligned generally coaxially with an
exposed end of the composite lining 10a, and fixed using a suitable bonding process such as
fusion welding or the like. During the fixing operation the end of the composite lining to
which the flange 452 is fixed may project from the end of the host pipe 12, as seen in figure
21, to allow it to be clamped and prepared for fusion welding. In operation, all layers of the
lining are welded, at the exposed end, both to the flange, and to each other to make a fully

structural fluid impermeable connection.
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access pits where short sections of the host pipe have been cut out to
allow installation access. After completion of a lining section the ends of
the lined pipe sections have to be rejoined in the access pit. This requires

wendeanmastions to be made to the linings to enable short sectiomamE/ 000968

connecting pipe to be installed. In the case of connections for normal 10
polyethylene linings, polyethylene flanges are commonly heat fusion

o lin FaigEs aft Lt o oreula]
e AR AR LORRIS IR B e
poNetiice PRse Thse e allvevingibie prdtisseonrtdisdineiapeyeeapanding flange of

Inifge2rskalsaseldsing YGRS AaMPaSiERing together thereby

giving a fully structural termination to the lining. figure 21, an end
connection system is shown generally at 450. The connection
arraiigemenirdatiallovis sectionsiebligedipipetihecsmbestomestetdhithare with
Qne an tflﬂgl[m%r lta%t?ce f:ogn%csgedth an u lined SeCt%O%Q hgé&&%ipeﬂ The, basi
R I RS B RT 2B D T BRSPS B9 Y SHEY qesighyiipe basic
fonicontehtidnade o/ thehe pipedatheiamanrgeipent 450 comprises an

amiular flanged portion 452 of greater 20 external diameter than that of

the pipe 12, and of internal diameter equivalent to that of the composite

AT pSrARIATRS M SRR DIy eigitea ek eraRrie BN strip and
withaayaxpased noskakibe sampesite diniRc 4081286k xRS NGRalent standard
suitable bonding process such as fusion welding or the like. During the =

ARG e SRR e SRS iniiy G hrtERcHE afhg samponte liner
ipsectimay: projeai-iamithereatof thehostRiRgatd: &siSeRPHEYUrad Aleast 96

to allow it to be clamped and prepared for fusign welding.. In operation, all
ERFS P RGBS TATBIR S e S obR e BARFHUHL Py, They may

aadriagiachnotertotrmkendidtys siesepdcal iipicinuesmgaite ConBertionngs for
37\ 2005/090848 PCT/GB2005/000968 The flapged portion 452 )

fﬁaﬁ\%?ecg%epp%é%eg%lﬁ%ﬁ y 8F sl hd %%?Eg%ﬁ%ﬁ? %\?gﬁﬁ&/“%?éﬁﬁbeifédm of
circumniere mﬂeﬁf@b@ﬂmﬂ;@ﬂbﬁa@@i@@p@ﬁ@@eﬂtmmﬁé),rﬂﬁémaﬂimg provides
f&'l% %%?rc—:ontm ynﬁgetg%{illénp%geqwﬁlg%%I’c%rgl (v)gi%nnys%l.i?ﬁgg g.g\tflaglgza%];sh e?gcti er'l%%h only uses

relatively low-cost basic materials.

The versatility of the composite structure allows it to be reinforced with aliernative or
additional helical layers wound with other materials such as high performance plastic, fibre
reinforced thermoplastic, filament woven braid or metal strip. This choice of helical strip
materials enables composite linings to be designed to 2 much higher specification than

standard pipes or normal pipe linings.

An alternative to the seamed containment layer internal lining is to insert an extruded
seamless thin wall thenmoplastic pipe into the pipe being lined, and to subsequently bond this
to the underlying structural layer in the same manner as the seamed tube. This thin walled
tube could be supplied in lay flat form on aroll, inserted in a folded form, expanded to fit the
lining by the pressurised welding rig and then welded to the underiying spiral wound layer as

previously described.
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It will be appreciated that the structural qualities of the composite lining
compare with 5 standard thermoplastic pipes of similar wall thickness and
the flexible design using basic materials lends itself to the lining of large

wdiametengapes. For example, calculations show that compoBU®/GEB2045/000968

polyethylene liner comprising spiral strip and sheet layers have a
pressure capability only a few percent less than the equivalent standard

%lyzﬁ{g%lﬁﬂ% P{iprﬁev\éﬁlaéﬂ?afggﬂ%ﬁv ﬂ%ﬂj Cfg@&ﬁi%s%@%ﬁﬂjr%%?gmﬁgz %Oeﬁled pipe

composite liner 10 described can be'used to line me , large and very
lsgnigmaierplptisddpupsty anibisthon tineieslopitiiealiphisknbegelling rig that

natching SRRALIGRR RS sheeilicaiions.And Ahovs JDEY ML The sections

installed in lengths between access pits spaced up to 1500m apart. Close
RN IHGS Perowrtrdbie BRdisisheetdingna Bivachievre BistierEs with a pressure

neglialed auenydhgiethetadius of curvature is relatively small, for

example, 20 pipe diameters. Hence, the invention provides 15 an
extremely versatile pipe lining system with installation advantages and
whighpetily usésnretativedyl toies st basicinadtediffen  heswensatilityebithevhen the
composite, stuicture allows 1o e teinforced with altemative or, additional
Refical Tayers wound with other materiais such asdﬁléh per?o?’mance uous
plastic, dilsreuréinfogogustiseren dflastiophilsin entwpuen Brhidogrdanetaltp, which
is.choi f-hel ip. rjals.en omposite linings ta.h ;
T B B A T R TP IS SRR BRI IR smoon
pipteiiping suraralwemsitiieotpravedsenshedwehsaimer i thydrimveieal tinmgnment
is {0 iRsen I oplastic Ripe. i ' :
B o T LI MRS R e By
leiyebivative Safdmarineraspastermepisde! Thiditig walled 25 tube
could be supplied in lay flat form on a roll, inserted in a folded form,

e D S e Mol 9 A Mt
20HHONBASL I THERAQNIN0 868 Anvalieaaiiyectentite siruattsahbalighty of the
l\%g drgdissegxonin'f‘ﬁé}esai}ggrliﬁgl%ter}% &f%@fisctlé %%geecg tBIEP c%eanliness of the containment laver
sheet material during the installation process. One method is to wrap the containment layer
tube with plastic film before the tube is drawn mnto the host pipe. Advantageously, this
wrapping can also be used to confine the diameter of the tube to enable easier insertion into
the host pipe. The wrapping may be subsequently removed using the pressurised welding rig
described with reference fo figure 14, erther by bursting the wrapping using air pressure, or
alternatively by cutting it using a specialised attachment. Hence, the tube is allowed to

expand into contact with the pipe wall.

An alternative method for protecting the overlapping seam, is to bond a protection film across
the internal and external edges of the containment layer tube, prior to insertion into the host
pipe. This method completely protects the seam welding surfaces because the film can be left
in place during the welding process. In practice, for most applications, it s unfikely that such
wrapping will be reguired to keep the welding surfaces clean, because the structural layers

provide a protective barrier inside the host pipe, and therefore a clean enviromment for
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section in various folded forms to enable them to pass down the pipe on a

travelling rig that will insert them to provide a substantially continuous

internal structural lining. The sections may then be bonded to the thin
wehmes/liming to give a composite structure with a pressure SPEIIEEB2005/000968

equivalent to standard pipes. In a pipeline withmany irregularities it is

particularly difficult to seam weld reliably when the overlapping welding

sifages are distorted prior to welding and may not be in continuous

contact even under high pressure. The composite liners proposed provide

a solution, which substantially mitigates this problem by pre-Inning the

Aipe toepingueeoacks|ativelyiemantaly Cunaeryingeudang, avbilbialdally infrared

%[ovidir_l tstructur.al gug%?)ré &Q_th ‘tkﬁin wal td cgntafid_ ent Ia)éer. The

R Sl S e A RIS &V D R PP E HREIR S iHg components

pigipbrbynin tieoimbizatidhofitte HoetstinectiVal dngpethiesardipvicé dofdhefrared lamps,

lining. It will be appreciated that althaugh pipelines are.thoroughly cleaned .

e e, VD B RSB o S R P e e o e

keptatteamtgtrarasise tedghatipddihes kaweldd df seaired hdrendrelected areas

number of ways to_protect t leanli f the containment layer sheet

B wrap the

containment layer tube with plastic film before the tube is drawn into the

hosipipe afyvaniaganushy, this prapping:caa alse:heiisedd0.6aafing heer any

diameter of the tube to enable easier insertion into the host pipe. The

FAPBHgRETERE e quently removed using the pressurised welding rig

20 described with reference to figure 14, either by bursting the wrapping

using air pressure, or alternatively by cutting it using a specialised

attachment. Hence, the tube is allowed to expand into contact with the

pipe wall. An alternative method for protecting the overlapping seam, is to

bond a protection film across the internal and external edges of the

containment layer tube, prior to insertion into the host 25 pipe. This

method completely protects the seam welding surfaces because the film

can be left in place during the welding process. In practice, for most

applications, it is unlilcelythat such wrapping will be required to keep the

welding surfaces clean, because the structural layers provide a protective

barrier inside the host pipe, and therefore a clean environment for
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39 WO 2005/090848 PCT/GB2005/000968 welding. The welding process
may alternatively be carried out using a substantially infrared transparent
pressurised air bladder, which is used to expand the composite liner
components tightly onto the inside wall of the host pipe. Welding is then
Claigmhieved using infrared lamps, 5 which radiate short wave infrared energy
) th%%]eme({v&llﬁlﬁghgnbg ecli,relg1 ”19 he thg‘u inner containment layer, to
© seam weld e over%pping SO8m A 80%? &ng, (8'BBHE " 8lected areas
of tengostringientiayer ieemahderbimarstiesidmldayarcttmiliRe ority; and
appreciated that the term pipe is intended to be construed broadly to N
colBIENSAIEaNaGIFHR e Hg IenLinTFaifeE ProxidiegnBaidrmnsgrasability:
in rf f a,pipe: isipg: Jini idypi [ -
o el P DA fhoducing at
leastaamtasimeant dayepipe, prodidinanthuig ithpermueabilitid aihgreinfdning saidtantially
ipe with said structural layer comprises introducing at least one strip to
COHfEaﬁalﬁii@%%a"é Hhofh ¥ or each said strip to form a substantially
continuous lining within said pipe. 2. A method of lining a pipe as claimed
in claim 1 wherein lining said pipe with said containment layer comprises
2. arranggibed ehbnsne seitonotkhsedinmelaimatériaheodorfininalsaigr pipe with

Iig{'gn and s amirkqfsgid tubular Iinigg to renge{

: it_substantiall < o
Sei0 S HHREAEL. 5K mtRG OT g AP &6 diainelltn G T oY 2Sheet ining

mpermea%li}é. }f\

matenlaerein fhercontaitment jlayes isupovicledieencadricaliy iwitltimiie to render it
structural layer the containment layer being bonded to at least a portion of
SubsEARAdIMNBEFEEANE the structural layer. 4. A method of lining a pipe as

claimed in claim 1 or 2 wherein the containment

3. A method of lining a pipe as claimed in claim | or 2 wherein the containment
layer 1s provided concentrically within the structural layer the containment laver

eing bonded to at least a portion of an internal surface of the structural laver.

4, A method of lirung a pipe as claimed in claim 1 or 2 wherein the containment

layer 1s provided concentrically outside the structural layer.

5. A method of lining a pipe as claimed in any of claims I to 3 wherein, lining
said pipe with a structural laver comprises belically winding the or each sirip to form
a plorality of turns, each tum being in substantial helical contact with the previous
turn thereby forming a substantially continuous tubular structural laver within said

pipe.

6. A method of lining a pipe as claimed in any of claims | to 5 wherein the
structural laver is a first structural laver, and the method further comprises lining the
pipe with a further structural layer, the further layer comprising at least one further
strip of said
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laimed in any)iég s 146 3 wherein, lining said pipe
with a structural layer comprises helically winding the or each strip to form
a plurality of turns, each turn being in substantial helical contact with the
previous turn thereby forming a substantially continuous tubular structural
layer within,said pipe. 6. A method of lining a pipe as claimed in any of
dﬁ%@? SR iR BT e tantisbapn el Bying wifidstheid
metbod further comprises lining the pipe with a further structural layer, the
further layer comprising at least one further strip of said 41 ..
nrgledk'~DY S, MHGLMSF"A E RU. 31b6 It iCf57803. 9G |
PEL I H TN B G- Faimss), insiaim 6+Hining said pighmthrahid further
mmimrai' ﬁayg@du@f fsgmxais sibsicn Byt 'Mgtd %ﬂl&qﬁﬁﬁgjﬁ@ﬁg i}gﬁ%ﬁ éﬁigmtﬁ
pi _ ining a.pipe as.claimed in claim 6 lining said pipe wi
e e B ol P e ey
St P ity otona syindasturrhisligin-sihatadtiakhelical
contact with the previous tarn thereby forming a substantially continuous
tupylakst Jayer within said pipe. S A method of lining apipe as
clg med ir%ﬁ%é%‘?“vﬁéﬁ%%gggf%%ﬁ ral e e p Pt ggepual tayer is
o RITEEHE EamsEwHRRY TE i the fsthecrattayé tmdrmethod of lining apipe
as claimed in any of claims 6 to s wherein: - --- ITT gTS gmn pie wig iirsti
StR~LL 695 t=elioa |. wiiding the 0 each; ccaresponding strip in
a%slfﬁﬁ%gxi |°ﬁgﬁg ¥ form A SaRs %%@%rﬁﬁ?&oﬁ?‘ﬁ%ﬁlm lining
within said pipe; and

v

Tyt pivewith 2 frsi pinscriral IEVeT TowEHTSE behCallv WindinE e oF sack

10

i1
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comresponding sirip in a first helical directionto form e substantialty coptiouous tobular
Ining within said pipe; and

and Tining the pipe with the fartber structural layer comprises nehcally winding the or
zach further siip in = sscond helical Givestion to form 2 substantally contnuous
tobular Hning within seid pips;

wherein, the first and sscond helica! direotions are OppOsite.

A method of lining 2 pipe 23 claimed i any of clsims 1 to © whersin the COMtITHTATE
layer is & first conteinment laver, and the methad farther comprises lining the pipe with
2 further conteinment layer by amrangiog af lsast one further section of liming material to
form = fubular Yining and seamping sawd tubnlar lning to render it substanfially

impermesble,

A method of lining a pipe as claimed in clabm 10 whersin the or 2t jeagt one structiral
Iayer is provided befween the first and firfher containment lavers,
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and lining the pipe with the furthersructnnal layer comprises helically
winding the or each father strip in a second helical direction to form a
substantially continuous tubular lining within said pipe; wherein, the that
and second helical directigns are opposite. 10 A method of lining pk%gas

12 clanfBatiParf AR RIS Fhétaimih Kody, Qayerims 1 10" 11 wherein the
meth@@%@%@iﬂ?ﬁéﬁs‘%ﬁgﬂ@%g@%ﬁ?%ﬁ%%ﬁm@ RURES HRIRS layers and at
urth ainmen

thepipewith a er con layer by ranging at least one further
least gmatictrofivimphbag e, tthdoromtatuimatal 1ming drdnge aemagp sl dtobukne another

b Iinin% to re .dgr it subsgi/ tially impermeable. 11 A method of lining a pipe
Y & GO RESERY H6WHEEin the or at least one stroctursf layer is

provided between the first and iuatther containment layers, 42 AMENDED
Em f.zeft; t7/01/2 SHEET 006- 1922 r_mPr(r)nr,:846 P,003 ~~tortr2o(c)p
13, 12A/maERE 06 IRIRG & PiE o5 cRarieelin M v HaETS 16 IPwWRelgleren the

mef:ht&? tQIQQ?%%r pﬁégpmprlses lining the pipe with at least three_
containment layers and at least two structural layers, the containment

layets/hiing sepatated-frorarend@natisein by theofiespondingsizabilital of said
layer. 13. A method of lining a pipe as claimed in any of claims 1 to 12

CONtGABIH HET AEtEATRREF BHIFSES SHYTRITCR e SR ture for
testing.the,fhyid impermgabilityat saidnaoniaipment 1aver ehaLRmMRAS B er, the

lining said ‘structure comprising: a seam provided along a longitudinal
seangngtiposisgidchatinvestajaridly peratdoegrisihicgiteasendo

igsr%t%gg%gyﬁarael gggerré%ds é?@'s%%%lé’@?e%i%%%qu” formed between said

14. A method of lining a pipe as claimed in claim 13 wherein the method further
COmPpriSes:

testing the fluid impermeability of said containment layer by pressurising said
conduit with a fluid; and

determining if said fluid is leaking from either of said paralle! seamed regions.

15. A composite lining for an internal surface of a pipe when produced by a
method according to any of claims 1 to 12 comprising:

at least one structural layer for providing structural integrity, the structural
layer comprising at least one strip of structural lining material arranged to form a

substantially continuous lining within said pipe: and



01/%’66“\ method-of iining & pipe @mpmm claim 13 wherein the'method
'émwmms testing the e erifiermeablllty of said containment

: layer by pressurising said conduit with a fluid; and determining if said fluid
' is leaking from either of said parallel seamed regions. 15. A composite
lining for an internal surface of a pipe when produced by a method
ageAlingh Lo ARk elA Rl £0 A2 Gemprisingmatiadstng. structural layer
for providing structural integrity, the structural layer comprising at least
one strip of structural lining material arranged to form a substantially

16 contimupusitifiniguatsisingd ipipaimhivierrin e SoptrTrarsp lger comprises at
ClMSRAM 3261 oX AniE 206338VIIBHAE Wbl B deskEiailly (ontaious

least one containment layer for proyiding fluid impermeability. 16 A
ORI e RS R SR P2 Wherein the containment layer
comprises at least one section of lining material arranged to form a

17 S%@%&ﬁﬂé&kﬁ%}ﬂ@%%@%@i@t@wﬂmﬂgﬂmracaau&mpﬁ; TEFeA is

composite lining as clalmed in claim 15 r /herein t ont nment
BB AT CoEAEAN WA e GE A e s o=
laye stteisg:handed: faai-east aywitiar ‘é{emmakmface of the
structural layer. 18 A composite lining as claimed in claim 15 or 16

wherein, the containment layer i §d con entnc OUESI.de th

18 st SRFRREiiRlning & 5 RmeR) gbﬁlﬁ:&\# Var- %62 i %%ny 201 clau- gllsa
toﬁmeaaﬁtmsnmmmmlwympnses the or each strip
helically wound to form aplurality of turns, each turn being in substantial

—qp e Eggi:al contact with the prev%Qus turrLthereby fgrqunvgka subs;anstlal ly ural Saryer

Claippgstibasahy fataintdplihody wiBIEin renstplictiit] ddyenis %Ch turn being
in substantial helical contact with the previous turn thersby fommg 2 substantally

continuous tubular lining within said pipe.

20 A composite immg a5 claimed in any of claims 15 to 19 wherein the structural layerisa
first struetural layer, and the composite iiniﬁg is provided with a further struchiral Tayer,
the further léyer comprising at least one strip of lining material arrenged to forma
substantially continuous lining within said pipe.

21 Acompositelining as claimed in claim 20 the further structucal layer comprises at least
one further strip helically wound to form & plurslity of hums, each tum being In
substantial helical contect with the previous tum thereby forming 2 substantially
contitmous tubular Hning within said pipe.

22 A composits lining as claimed in claim 20 or 21 wherein the first structural laysr (s
provided concentrizatly within the further structural layer.

73 A composite lining as claimed in claim 20, 21, or 22 whereirn:
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first structural layer, and the composite lining is provided with a further

structural layer, the further layer comprising at least one strip of lining

material arranged to form a substantially continuous lining within said

pipe. i,l A composite lining as claimed.in claim 20 the further structural . .

|a§é9 Bt pHERSTaRAL 48Y B rROTAPIHET SIS IRBIIEARY \wBTREREUdRS Strip helically
wourRI YR Y kU SRR ReiRoi s b siantiahhalica COMARCLWI R Gar tining

previous turn thereby forming a substantially contintous tubular lining
withiwithid paid:gipd. 22 A composite lining as claimed in claim 20 or 21

wherein the first structural layer is provided concengrically within the
o ST Ay B3 FOTBUERS Ui G2 Tml A Ydfhapeay wound
in 2 QobRdVhEiel): ddd AMENDERSHERIEMRvalbaiiAda008bk3:3%ining within
__ zmNiair.:259 P.002 '17/01/20063 the first structural layer comprises the or
said pifgh corresponding strip helically wound in a first helical direction to form

a g;@llrg ' j t rlining ., Withi id pipe; e further
str%{cgfura ?agé/g‘r%%Qﬁgﬁgﬁﬁﬁg%ﬁggiﬁﬁ%&g%ﬁ%%glEa v(\?(snz?%d ina
second helical direction to form a substantially continuous tubular lining

within said pipe;.and wherein,.the first and second helical directions are

24. op‘&)ogfe@?w% cBHpB8she IFHESE CRirRBY v ark Biaims 15 t23vherein the
cont2UNBEIP the.-containmentiaveiiz & festconainmentdausts A0 dith8. is provided

composite"’lining is provided with a further containment layer, the flrther
with echitdhimentlayen cohipyising atietistionetssoionioblivingomatesial at least one
.arranged to form a substantially impermeable tubylar lining within said, .. .
oot R O e TR S ATTRA 1t 2 T RABTY Jrvdles tning
withﬂn@ﬁtrp@yral layer is provided between the first and further containment
layers.

25. A composite lining as claimed in claim 24 wherein the or at least one structural

layer 1s provided between the first and further containment layers,

26. A composite lining as claimed in any of claims 15 to 25 comprising at least
three containment layvers and at least two structural layers, the containment lavers

being separated from one another by a corresponding structural iaver,

27.  An apparatus for providing a loosely twisted helical strip of lining material for
lining an internal surface of a pipe, the apparatus comprising:

a base portion; and

coil support means rotatably mounted on said base portion for supporting a
coil of said lining matenal and for allowing a strip of said lhning material to be

dispensed from said coil;



26. A composite lining as claimed in any of claims 15 to 25 comprising at
least three containment layers and at least two structural layers, the
containment layers being separated from one another by a corresponding
structural layer. 27. An apparatus for %E)rovjding a loosely twisted heI{caI

stipeofAHiIRGRRGTLMMAABT IFIRG At RaNsArRRmitolishpeni Telative to said
base %@%WE 8:ALATH RN AN dieol SHRRRIE Mgansaotatably

nted on said base portion for supporting'a coil of said lining material
and for allowing a strip of said lining material to be dispensed from said

coil; 45 the coil suppart means, being.rotatable in a controlled manner
28. o G DGR RRRoH AT NETEA! tists n said stip of ining
MatgHaloASup APRMaHES 2 SiEiNeL MilaheRswhaEigaRenih centremost

support means is configured to dispense said strip from a centremost end
end of said eoil. theshy slswiHEAsHPIVEE AZtaRaTRlindodeackehslraligvis to be
dispg]‘? e(aispensed; said naturally induced twist being additional to any rotation
méuc’ed twist. 29. An apparatus as claimed in claim 27 or 28, wherein:
saighiehil supibrtimierns isvisobiled adifvacstaiptdispenstag@ottidoced twist.
comprising an aperture for dispensing said strip through; said strip
dispensing platform being rotatable independent of said coil support

29. Meansfelativedtassaid agePeriien- B0 NERARALS as claimed in claim
27, 28 or 29, wherein: said coil support means is rotatably mounted on
safhishsei bentionfomestatioh pedodethe dkial seinrdispeastheoiioBionpomprising
a arang gs cLaime(g in.$n¥rof ﬁl{élimgkglaim 27 to 30, wherein: said coll
an a%ﬁ%k}%ﬁ HeERR 1Bt yS MeURted 81 said base portion for rotation
said strip dispensing platform being rotatable independent of said coil support

means relative to said base portion.

30.  An apparatus as claimed in claim 27, 28 or 29, wherein:

said coil support means is rotatably mounted on said base portion for rotation

about the axial centre of said coil.

31, An apparatus as claimed in any of claims claim 27 to 30, wherein:
said coil support means is rotatably mounted on said base portion for rotation

about an axis substantially perpendicular to the axial centre of said coil.
32.  An apparatus for helically lining an mternal surface of a pipe with a strip of

lining material, the apparatus comprising:

a winding rig comprising helical winding means;

46



33

34

35

36

ft an axis Shbdattfly pérm

strip of lining material, the apparatus comprising: a winding rig comprising
helical winding means; 46 rvi~tt rcn ta, rvv, at .'o F. 0: ! rirlted
Apr(r)1rpDD81 GLMSPAMII" 7,77777777 1'9fi135w02006a117

ApendedGrg i " ".said. helical winding
%eans being ¢ onngg-LS%%encff%ri?\efgnﬁﬁv ng saﬁ%r%’ﬁ%‘% Wllﬁ?laﬂ)}nm B
BRI YRR aie fah s de Suviée saofthe eiiheai pigbopobact 2

Qﬁ@vieuﬁhqu&gmg%@ier 33 An apparatus for helically lining a pipe as

“claimed in claim 32 wherein., said winding means is configured for

helically winding said strip dlrectly onto said inside surface: and said wi d
ﬁ@ﬁ%@ﬁ@%@m@mbﬁ@q 2 AptbaRs visimRsiy shithiipevasreachtum of
said helically wound lining layer is formed on said inside surface 34 An
appaatid I |me in cla.lm 32 qQr 33 wherein,
said wmdﬁl%ﬁn%ﬁ% ll‘;)s{qcoltgfg’g%r%g?l P(;:grf? Windmg S %ﬁ?ﬁtﬂ’r‘%‘gﬁf&
BEfdrfside surface; and said winding rig is configured for free
rotation about a longitudinal axis of said pipe as each turn of said helically

WG Lir e blé%@. gn said inside slarfaco. 35 An apparatus,
for hggilcg?%% g pipe a¥s aﬁ%&g n'cla ?mﬁ wherer & Q%ﬁl&\%ﬁ&lﬁﬁn of

PR zsm&aﬂe%magwmwg‘mmm@mﬁqwm%ny wound
portion layer, and for driving said helically wound tubular portion along

saidpipe thereby. E%ﬁ aid helically wound lini yer aid inside
sur??c%e 36 An appara?t-u o%%pﬂjcga#%mnaﬁa bipe rg ci%irie %ﬁrg%ms 35
wherein, said winding ...

sed winding means is camguxsd for hefically winding snid sirip direcily onto ssid

iuside surface;

and said winding 1ig is configured for free rotetion about & longimding exds of seid
pipe &s sach tun of said helically wound Yning layer is formed on said inside surface.

4x spparates for befically fining & pipe a5 claimed in cletms 32 wherein,
seid winding means is confignred for winding said Haing strip fnto & beheally wound
portion layer, and for driving said helieslly wound tubular portion long said pipe

tuerchy to form said helically wound Bning layer on said inside suwface.

An apparatus for helically Ening s pipe &s claimed in claims 35 whersin, said winding

TSNS Comprises:
& cylinder rotatably mountable on an end of said pipe for winding smd lining strip opto
an ipternal surface thereof thereby to form said helically wound porton;
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. HatisUgi=0 the axial centre ORSaId-GON. T+
 PBI35WE mnlixma@pamﬁus for helically* Tififgatiintérnal surface of a pipe with a




; FHEBNS comptises: & cylimder (plaiabiymanntable on as end of saki pipe for “:p57:48023:
~ poe1zswO Wikt ngeedicklining strip onto an initéfhial“slrface thereof thereby to form .
e . . said helically wound portion; 47 EMP -zeit>17/01/2[10- 13.40 AMENDED
. SHEET r LI1Ivt, , ,:25S PAOOv 17/01/2006 ed ~DIL3/pOb CLMSPAMQ',;

0579$0 Pnrit 1' 17 Amen dadCWmg,d= and a helical guide mounted on

saighiniginal sulindss.audecs ok diving saikldelically. weundipe i halealy

said pipe thereby to form said helicall oun,a li 'Ln%ﬁlflyer on .said, inside 4

< FPHE BAENET SR PSP RETT R (S B T g amdgys on st

appadatusiiee kiing o piepiithvadibytarioastalaid Entdajerecomprising: a

formation portion comprising at least one rounding die for forming a sheet

of lining material into a substantially cylindrical tub har structure. a 0 An
UL g e

comprises: at least one formation die for forming a sheet of lining material

into:a flatignes-tbulan, situetur esthesounding die-FeinedepatedHen of lining

forming said flattened tubular structure into said substantially cylindrical
BT S R G S h PRI SRS welding a containment

layer in a pipe the apparatus comprising: a mobile unit configured for .
longitudinal travel down said-ipesaidmebiipunitcomprisingadeashprises:
seam Welding head for welding a seam .of said containment layer. 40 A
welding apparatus as claimed in claim 39 wherein the mobile unit further
coipridenedoimaton dis fanfremine|afigs e AiniaE welanty B & Balramiientar
laygriq.aR underlying '

L3
>z}

the roumimg diz being located for for:éjng szid flattened tubular structure into said
substanfially cvlindrical tubular structure. '

39 A welding spparatus for seam welding 2 containment layer in 8 pipe the apparafus

coOmpHsing:
1 mobile unit confipured for lopgitndina) travel down said pipe;

said mobile unit comprising at least one seam welding head for welding 2 seam of said

coptainment layer,

40  Awelding apparams as cleimed in claim 29 wherein the mobile unit further comprises
at least one further welding head for welding said containment leyer to an underlying

structural layer,

41  Awelding apparatus a5 claimed in claim 39 or 40 wherein, the or sach welding head

comprises an infra-red source for inducing hest thereby to cause said welding.
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it *}f#@fﬁ%ﬁ@‘g&ﬁ;%@ layer, 41 A weldingi s claimed in claim 39°at’4b ™

wherein, the or each welding head comprises an infra-red source for
inducing heat thereby to cause said welding. 48 AMENDED SHEET
EmPf.zeit:17/01/2006 13:40 :mvr.nr.:259 P.006 17/01/2006 ' 42 A welding -
apparatus.as claimed in claim 39 or 40 wherein, the or each welding bead
CORTPHSESERRIHRE SO HRISE inleiny HHdudn g hemsint hrebystotcauiingdiehd
eeliigs4d duneklinosanparsl s cioime B Ak ALCIAIBS 00,4
wherein, the or each seam welding head includes a pressurising fan for
applying airpressure to said seam during welding. 44 A welding

E10)s] BEEHsi RS ¢ e o PRraf sty 3nheriindnetor easitisean
weldingeachepmet sesanshieldpantion for preventing alongitudingl ;..
R onnof salq seam from being welded- thereby to form F fluid imps
seaplercanduit. 49 AMENDED ,;. Emaf.zeft.17/01/2000 13840 SHEET

cmr i .ni.:209 P.007

A welding spparatus es claimed in sy of claims 29 to 43 whersin the or each seam

welding hezd comprises a shisld portion for preventing = Jopgitudinal portion of said

_ seam from being welded, thereby to form = finid impermesble condutt,
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