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A Conposite Pipe Lining, a Method of Installing a
Conposite Lining, and Apparatus for Installing a
w@is0%iste Li ni ng. The present invention rel at BGI/GB2@5/000968
conposite lining for a pipe, a nmethod of installing a
conposite Iining and apparatus for Installing a
conp03|te nlng Leakage frompipes is a nmajor

ﬁnjﬂi f’éei’ Wof‘?ﬁﬁ'hlﬁ g‘oghéésné_ P4ning,

'S C en ruption
%&Eﬂlp ﬁ“é SE'H’Z‘;“HE‘gur by repair
or repl acerrent of the def ective gas, water and sewage

THeRSSsent §AKAEE tdlatls BARIdoRIpodite 1i8HESf RMHiRS MEMBE of installing a
where any | eak is dangerous, and for water pipes where

coemlositreliniyp pohifparaiecion Mnséalling 2 eomposie dgmg oss of over

30% bet ween reservoir and tap. Many pipelines are in

need of refurbishment and the authorities generally

Isekkegel OO fiptsmissoinafdrgmsblent el Itdvam fui gasearelatvater authorities. The
repairs. One solution for prolonging the life of

peslemiin §oEPHEsied by e sxpenserps and @Wﬂgmgcagw ppeeiiyingtleaks when

t@%occ{nabyre}g‘?r Cagl?lrrnglﬁtfbf% ({éfe%ﬁvggzisy gtlr%%/ arﬁfk@ aéé)ﬂlpes Leakage is

red

d@méulﬁlmsﬁdéefog gas pipds,wab@e anglerik daggetouspand forevater pipes where
esign lifetimes 1 n excess of 50 years and expected
Ipalmae tymiegllp peoapglh o aélaﬂwﬁlraﬁe Jasmefieqver AO%&W%?SGWO&@M tap. Many

pﬁ%eg %?Inﬁliﬂéeglsof A 1?94@ thi Qthbritis 11&%&66? Tc%g term solutions

pi pes ese are n

rRiABt theRBleBerthod] réfagrs| i ning of |arger dianeter pi pes
This | ack of suitable Iining nmethods nmeans that

expensi ve repl acenent solutions often have to be

C)MO@lﬂﬁﬁﬁtf@ppﬁM&%u{gQﬁQ ﬁfe‘%f%ﬂﬁhﬁﬁ piPbPRI0 A-Bnd theM&RFhQh appropriate
mal nt enance. genera p1 pe I ning systens use

mgptialc aﬂnmmmﬂmcss fsitch mtp@iyediyéenan dorl éxainmpde, sars tthersurrent preferred
suited_to the requ nt s he tem

maeaals g%régln}néggme%a% W@ta ﬂ)éﬁs”agg %e]halvﬁ gmglbﬁpeg\gges ¥n excess of
52)' Q’égﬁ’an &teﬂ@ff thRE A TpAEant afloﬁ raNJrHﬁ‘ﬁber Bf)ﬁme lining methods are

anpl e, y use standar speci al i st

availytde forllane qmeﬂ)]%],d mdiieh dednater pijgaslout ‘élels@;rp uomeyierally applicable
def ormati on Idfllovvlnser on int

fer the Tinppg of %egger 1gaster piRey ds lagle @ sg{afa}&f&p&metﬁods means that
exf: L @blﬁgemén? G511 i Fen have to be implemented when large diameter pipes are

in need of maintenance.

In general, pipelining systems use application specific materials and lining 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 polyethylene pipes, which often require temporary deformation, to allow insertion
into the typically cast iron host pipes. However, these structural ‘sliplining’ techniques
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

inches and above. Furthermore, there are no generally accepted methods for lining larger gas
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require large street footprints during installation to
accommodat e the assenbled |lining pipe, and | arge

waemenwspsts to allow insertion to take pl ace RET/BB2A05/000968

damagi ng the lining pipes. The current sliplining

nmet hods are al so inpractical for |arge dianeter pipes

of, for exanple, 24 inches and above. Furthernore,

PRSI tards 1ﬁ@e§éﬁﬁe&¢rla§ldé‘b®@bt ed methods for |ining

| arger gaspipes up to 48 inches dianeter and higher.

For water pipes, strict drinking water regul ations
Hearweatbreplpesp strl@hémmkm@ Matar ré¢guldtions hved led to eprnent @aortay linings being

fF@ﬁ%B@’n P%%{S'g}g{e%% S-"Sgﬁto 8 {eﬁlvcﬁgr%flgg ; r(? %ﬁlo geaﬁgy%tp%lsne sliplining

tH S8l Ry 0360 18d lrcﬂﬁ@viﬁ@ [dﬂg&&r’iﬂ‘ﬁfd&ﬁﬁﬁl sORkighd. C@l&ed-m—place polyester
Cured-in-place polyester resin linings are popular fo

rgsinvinings sewepuler foe graxtiy sevdrpgies pihpe hdetfpipareformaiydnd extemal water

ext er nal ter pressure are part.icul ar_pr.obl

RS BHCF ey B b b Rl e SN EYeH B in both the
StriRg,Afe |

5,18 021 BRSNS, VSRS gl O Bl it s

axpensienael nave new at dlermaivieselusiohsidre ipghlyadesirablghl y

desirable. Additionally, many pipelines are not

straight and have internal irregularities such as

A&&iﬁbﬁauypfrﬁhyspﬁbn@sl a8é BotatraiphnNRICHave femalinepslatiiigiwch as joints,

pi pe sections such pipes, thin walled liners made

ﬁrm@mmg latera ﬁe@tecmwnééréﬁﬁl@@fbm@@ gectivhe Ja sughgiipspethin walled liners

1{}% gfgc?rpggf gxeév\]tg lﬁlkelnn %?po%gcf glhg \9&%9 rh'éQfé Jltel%e?x to kink, buckle or

orce pressu
dedel M b@et ﬁﬁieblli‘:l’tﬂé Rals sMap @oﬁéd tdﬁﬂelpprﬁﬁlutd’l@o défeem to the internal
present invention provides a conp03|te lining for a
shipreof thagipglingt hod of installing a conposite |ining,
whi ch seeks to mtigate the above issues. According to
a first aspect of the invention there is provided a
Tenposint mvleimimn]goﬁ/iniles a cplinpesiwdhmng' &ir agipea asd pudthodadf installing a
| ayer, f prow i ng struct ntegrity; and a
©FHOsiH glse‘%éfoﬁlﬂ %Iedti%ﬁéd’?‘fqigﬁle? ‘mper meabi i ty;
mhereln the structural |ayer conprises at |east one
Stréf l'ining material arranged to f-orma

1859 amrsf aénﬁ% phibe davention H@rwswmd@aa gPrppqsge lining for a pipe
comj) E{lgallgtr&%qﬁ ﬁggér%fﬂ}gﬂemg%ﬁ'ﬁ&uf@}ﬁg r ?ea %ntéuﬁﬁ%ﬁt layer for

I on rrral arran

ﬁ@ﬁﬁi@fﬂm@glhyerﬁﬁﬁhﬂﬂu 1 S IRE mbir@l layHp ubﬁipnédsm tgst one strip of
wi thin sai e
lining material arra?nggd to form a substantially continuous lining within said pipe.

Preferably the containment layer may comprise at least one section of lining material

arranged to form a substantially continuous impermeable tubular lining within said pipe.

The containment layer may be provided concentrically within the structural layer, the
containment layer may be bonded to at least a portion of an internal surface of the structural

layer.
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The contai nnment | ayer may be provided concentrically
wWithin the structural |ayer, the contai nnment |ayer may

wheooboserl to at | east a portion of an internaPCHGBE@S©00968

of the structural |ayer.The contai nment |ayer maybe
provi ded concentrically outside the structural |ayer.
Preferably the structural |ayer c_orriori ses a strip

Hea qomsginmenideaved may begrenideduroneentreallysrutsidg the strugiprsl layer.
turn being in substantial helical contact with the

revious turn thereby formng a substantially .
oferabiy thestruciveal dayer ¢amprisewt sthp dekealky vyiupd to e a plurality of turns,

stryctural lLayer .a, first structural |ayer, and .
b EiohiBs o PR R ebPh P S PleRops R, b forming o
bkt A ontiAY&s tublgr 1fdiid Wakinlsadesip&onpri sing at
| east one strip of lining .-material arranged to form a
substantially continuous lining within said pipe. The

t rj ' | | :
T L) B o Y SR AT b defe B Ry provided
witihs fiathict sthuchehi lapdr, thefitrthet layérichmphiging heleasd use §ttip 0f lining material
thereby form ng a substantially. continuqus, tubul ar
ATHERY w@pﬁi%ug%ta@méw@mumoef Hhigg|within pad pinest
structural layer is provided concentrically within the
further structural layer. Preferably the first _
Brerfyghenstnciug) yeroapednsmise s stiphehctbl wewd tg foggapiutatity of turns,
a first. helical, directi.on.to form.a.substantiall :
Beh RO el StptE oG feaf TR R BRI iy by forming o
dubsthiedllydontfd stk bl @ BiinCRRhisaRpige. St ri p helically
wound in a second helical direction to forma
substantially continuous tubular lining wthin said
Igbi%ﬁiblﬁ e YRR EhAural BSer is %%vi@&%oﬁ@&%&ll?%i‘ﬂﬁﬁ khe further structural

Irections are opposife. Preferably the cContal nnent

lbygrer is a first- containment |ayer, and the conposite
lining is provided with a further contai nnment | ayer,
the further containnment |ayer conprising at | east one
Eefeldbon tied fikdt idngturmtieyer abmpiisangedig helicatlinvwound in a first helical
substantially inperneable tubular [imng wthin said

direption trmiorra sbstpaizally connupus fEular diningaRyihifagidape; and the further
s?rrug%{frﬁelgye %toﬂw.%%gest QStﬁ%'HeﬁEalWo&n% 1tnhae LecSRMH&H QTR ction 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.

The or at least one structural layer may be provided between the first and further containment

layers.

The composite lining may comprise at least three containment layers and at least two
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| ayers. The conposite lining may conprise at | east
three contai nment | ayers and at | east twostructural

wO 2008090848 he cont ai nment | ayers bei ng separ at eRICT/GBR005/000968

one anot herby a correspondi ng structural |ayer.

Accordi ng to another aspect of the invention there is

provi ded- a nmethod _of |ining a pipe conprising: |lining

daicHrdilpeerspthasontainmend tayes Deingyenaraiest from eg gfiothyr by a corresponding
integrity; and lining saidpipe with a

%%ﬁ a?ﬁﬁ%ht | ayer for providing fluid inpernmeability;

wher ei n, I|ning said pipe wwth a structural [|ayer

KEBER EF 2t SCRREr b b Ve g it ier o ot F tining a pipe
RefrRuabhvild HidBipeaiith ﬁ”sif?@ctWaI Rysafd g? 2bigk @ffﬁ(gﬂlral integrity; and

| ayer conprises arranging at |eaSt one sectron of
liriing seyd pipt evitha contirfmpentilayet fobpitoaidihg fhnid gmperchegbidity; mdrerein, lining
sa d.tubuylar lining to render it

SIREn It 3 PR AT COMBEISES PHBRSING iSRidngfruckigl Rypeto form a
I I s helically w nding a
égfb%t?%@atl Jogﬁénﬁ%ﬁéllu@y#mﬁ%g@ Ih%ee each turn being in
substantial helical contact with the previous turn

IIer{aeokl) 11nﬁ1rg|rga§]cgpl Wﬁf“ Ea%]tc. rﬁ{ne%P Ta?ﬁpg@rgﬁlijsteg k?lyrlal‘;i]‘éing at least one

Fruct I nosal
de@&kﬁf oﬁIﬁNnﬁhﬁaﬂ@ﬁ@Mb dareh @’@LBﬁEflInlhhg ahd Yeafii SdattBtubil@r lining to render it
structural layer. Preferably the structural layer is a
$¢ﬂ@mﬁ%bMUEﬁuﬁ%¢k1ayer and the nethod further
conprises lining the pipe with a further structural
| ayer, the further |ayer conprising at |east one strip
Ryeferdbhy h?gingaatié pimlma”rar singbdaltlayef ormprases bélstally wiadihga strip to form
contlnuo W thin sai ferably.|ining .
SR B Sk g ol bR v @Rt Wishyshs Beyious tum
tﬁaleb;@ Brhding¥h aﬂas&m@li éU'ntﬂH%usStﬁlSlilQr §tR1c{u?£l'T§1y%r Wmﬁrﬁéam Yipe.
of turns, "each turn being in substantial helical
contact with the previous turn thereby formng a
%itnﬁa'ﬁ]isrgléﬂ& l?éze‘f %&I B@ g?%{?%({gl%ﬂF&ﬁn@atllryl%%}slﬂ&pela%% Ist?\dlyc?%raglayer.
flrst structural |ayer conprises hellcally wi ndi ng a

a5 Pt o e e Pk b R Apthod er comprises

1RIiREthe P& 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.

Preferably lining said pipe with said further structural layer comprises helically winding a
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 lining the pipe with a first structural layer comprises helically winding a 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 further strip in a

second helical direction to form a substantially continuous tubular lining within said pipe;
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lining the pipe with the further structural |ayer
conprises helically winding further strip in a second

whedosois4gli rection to forma substantially cone@nGBa®S/000968

tubular ining within said pipe;wherein, the first and
second helical directions are opposite. Preferably the
containnment layer is a first containment |ayer, and

Wherele theddrst and sseenddistisnl diesstionsriragprasée.pi pe with a

further contai nnent |ayer by arranging at |east one

further section of lining material to forma tubular

Puekiral)y dthel contaimment dayad is Lﬂbﬁi‘SarCOhiammqylt tlayer,ematbthd tmethod further

subst an dal l a fera e net hod

GG &%ﬁﬁ? %155 it ﬁg‘ H n I%er&n ft Q}( apgngipe pipasgone further
SRNbRbMNIERE m'a%)‘ﬁf # 18l a flbul £ 8o taiﬁ‘@se%hﬁ#?éa‘ﬂ ﬁllbu afWfting to render it
the containnent |ayers being separated
sbstahaallyoynpermesbl@spondi ng structural |ayer. Accor di ng

to a further aspect of the invention there is provided

a test structure for testing the fluid inpernmeability

Brfefeaatily thisnasth @ thbmnsveiprisbEljiefig Wb péeCaiti $dabidhilel Béritdinment layers
according to the first aspect conprising: a seam al ong

) 2b kegstitiyastasturablagens, the cauramerieverThning sepayted frophene another by
asg(g{gs &{‘gflgﬁ Mﬁugltl Sast two substantially parallel
seane

ons; a conduit formed between said
seaned regi ons. Accordl ng to a further aspect of the

[ ded t hod f t th .
MR R Batrep o ) B Bl "Rhier Herindmt Piiphp Ryfesting the
fuie AMPaShdaBility Bf £ Eibace @bathiithehPlal&ieo(fal Jo%po@ﬁ@ﬁﬁltnﬁ according to the
conprising: providing said containment |ayer wth a

ﬁretaaﬁpadztm@glmlﬂngn giscudiahalg 4 longitilind] lewiidoLsmd aowtrimntent layer, the

et I PSR e S B0 Bt i s

%gens&g@gm%@gégmﬁ pressurising said conduit with a
fluid; determning if said fluid is | eaking from

elther of said paralle! seaned regions. According to a

| A . . .
ALt AP RS Bk D ML LTS SRR @i e mud
1ﬁiplenneabﬁ11t}y|olﬁ angbutat @nthmérariager 0f BgoRppdiReiniid&ccording to the first
appar atus conpri sing: a base portion; and coil support
ATRech SOTRBHEng mf?/Vl%lﬂﬁﬁlé&%tﬁmWHb&@émﬁbﬁr sepgrplqngra longitudinal length

ost{é?ﬁogoﬁlltﬁ%na%tclg%ér ot? e sgﬁ’la %P&hﬁﬁag %gﬁeg St L3 S%l@@[%lgla‘ﬂy parallel seamed

19£i80€ 6@ 8 conduit formed between said seamed regions; pressurising said conduit with a

fluid; determining if said fluid is leaking from either of said parallel seamed regions.

According to a further aspect of the invention there is provided an apparatus for providing a
loosely twisted helical strip of lining material for lining 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 said lining material to be dispensed
from said coil; the coil support means being rotatable in a controlled manner relative to said

base portion for inducing helical twists in said strip of lining material.

Preferably said coil support means is configured to dispense said strip from a centremost end
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fromsaid coil; the coil support neans being rotatable
in a controlled manner relative to said base portion

wo ooosiosmduxi ng helical twists in said strip of PCHGB05/000968

material. Preferably said coil support neans is
configured to dispense said strip froma centrenost

endof said coil, thereby allow ng a_stri(g wth a
Hepigh eoil, therebypdlewinge? steiniwith saturally bsludedshdisekiavistdabd dispensed;

By LW St i ddi tiopal .t .
PR RS SR o 3R By R ot
means is provided with a strip dispensing portion
R RB R ol BBFT it s oG nt RGP RioBEing PoRion comprising an
dpRfttcAfdl @i dpBaeRe RS REriPihr SiRind sﬁg'rsﬁ' i ﬁﬁlggﬁgt@%ﬁg% peing rotatable

relative to0 said base portion efera

indgneodent we said coi$ suppoatakng retotive te daidrbasapdattibas e
portion for rotation about the axial centre of said
coil. Preferably said coil support nmeans is rotatably

Rrefepdbeyl seid coRistipiRasfefey i iriatabBr mb@itdd bR RaidHa¥s péiion for rotation
axi s substantially perpendicular to the axial centre

appulsthe gxigbpanire af s @Pg to a further aspect of the

invention there is provided an apparatus for helically

lining a pipe with a strip of Iining material, the

Bapls srid corsuprorngeans igretdiahly mpgntednpisaidibase petion dbr rotation

i ndi ng.neans; .sai d hel.ical w.ndin ans. bein
B gacr ol nemiir il il e g iAo
helically wound lining layer for lining an inside
surface either of said pipe or of a previously laid

pi.pe ar of .
AGCRTHBS 10y %GPF*%R%? by tventonfhers 1§ Promdersan apparatus for helically
i . i . vwi_ndi i L p.di tl o
SO o PO 581G RRAERLLY vt s
coamiisipghelicdl oindingnmicansdsaidhelicabwiidingingsags Seihgedpifip@red $or helically
each turn of said helically wound lining |ayer is ) _
igfing digstripdnte ahelicelly wennddmang lpyes ferlmmnegAndngide shifaen eiger of said

g i [ . licallywinding said strip
pgl rect Iaj)r%ﬁ?%ﬂ}g}é?(gﬂ?lﬁg?%}gle'surf ace; and said w nding

rigis configured for free rotation about a

ongi tudi nal .axi s of.sai [ .egch.turn of sai.d )
L Fisa e ioeie S s Be Ru BRit gy i eafietaibieguy onto saa
igdd Qg fice;BI@IARINYIng 3 s Wi RE 158 8hith@ingORlveIMbEL said pipe as
for winding said lining strip into a helically woun
epaly tuirmaf $aad/kelicalinwofiod liging ayeyisdaimdeda! saphinisideworfaat.,
‘tubul ar portion along said pipe
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 inside surface.

Preferably said winding means is configured for winding said lining strip into a helically
wound portion layer, and for driving said helically wound tubular portion along said pipe

thereby to form said helically wound lining layer on said inside surface.

Preferably said winding means comprises: a cylinder rotatably mountable on an end of said
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thereby to formsaid helically wound lining |ayer on

said inside surface. Preferably said w ndi ng neans
w@owpodmses: a cylinder rotatably nountabl e on BCI/6B006/000968

sai dpipe for winding said lining strip onto an

internal surface thereof thereby to formsaid

helically wound portion; and a helical guide nounted

ope Seii winding prdIlingng stigemts an fintematl evrfapei thensgl Seraby to form said

hel i cal | und portion. al ong said pipe thereby to )
et R ORPR 4 Be 5% Rl of Sy e pYdgusurtace fo
EHih268d BElidEy vﬂfun&?bﬁidﬂ NEnPLai®hipt tRred BUSHY shititflically wound
l'ining layer. According to a further aspect of the

limng hyeoen saidingide supaasiithiedofmidgiparacimspreviously thid gning layer.
api pe with a tubular contai nment |ayer conprising: a
formation portion conprising at | east one rounding die
Aawordiog ta afyrthersiipet obthe irivention thateds prakidied twagparatus for lining a pipe
substantially cylindrical tubular structure. .

Wil pdp Pfycoﬂléé“W@?t & SAMBHFIRE o foripatipie portigRsPIPEISing 4 least one

oot . . or f ) O .
e SR AR, RS kBRI ERSn B B vt
stautugd.ng di e being | ocated foor formng said flattened
tubul ar structure into said substantially cylindrica

tubul ar structure. According to a further aspect of

HrbRrduly @l tibaihtioh 961&1&11%@1&&%&?%@: Weleght B ARPALIAH 85 for forming a
for seam wel ding a contai nnent |ayer in apipe the

shpp ol dnung eyapalisionglattgnebivbitler sinicture;dhé rayodiag diobeing located for

ongi tudinal travel down sai.d pi.pe;  sai bil]e unjt
toRsleiid i epd QT SRURGE 0 o Ron haltu BB ar Gl g stroture
a seam of said containment |ayer. Preferably the

bi |.e uni urt her ri ses at | east, one further

%054%@%%{%@?%9@3% VERHQR tgﬁfﬁﬂ%ﬁ’fﬁﬁ’éﬁ@ar"’ét;‘;ﬁ‘g qppaggfps for seam
L RIS RS ontgued
lomgl tudlinad trived tdotvinesarlyyip ; Gariausislesaditcomgdridinggat least one seam welding
Preferably the or each we] di ng head conprises an
hepd frsveldine esgem of fd conamaicnblai@at t hereby to cause

said welding. Preferably the or each seam wel di ng head

i ncludes a pressurising fan for applying air pressure
Rreferablyithe aaghilgumitiyrthes cgimpgises at least one further welding head for welding

said containment layer to an underlying structural layer.

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

to cause said welding.

Preferably the or each welding head comprises an ultrasound source for inducing heat thereby

to cause said welding.

Preferably the or each seam welding head includes a pressurising fan for applying air pressure

to said seam during welding.

Preferably the or each seam welding head comprises a shield portion for preventing a
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Preferably the or each seam wel di ng head conprises a
shield portion for preventing al ongitudi nal portion of

w@ atod/osasn from bei ng wel ded, thereby to formBCT/GBR@S/000968

I mper meabl e conduit. Preferred enbodi nents of the

invention will now be described by way of exanple only

with reference to the acconpanying draw ngs in which:
Ipngjtidinal peritpRsigaid seamdiony being sfeldeds thexsby éarfownli avivitl impermeable
a gonposite lining, wwthin a host pipe; Figure 2 is a

OPSE% section of the first enbodi nent; Figure 3 is a

cross section of a second enbodi nent of a conposite

ipin ithin a host. pipe; Figure 4 is_a_cross section _

%Fpear ﬁmbadlélﬁa&asoqt}ﬁ%wwwwg Vil gy dierdgsqribsit ﬁ)gwwﬂﬁwraﬂe only with
hesd R hre Ll ' ; ction of a fourth
1e%31§iglrtr€ﬁrte aoig&{gﬁa? n‘gocg?‘?len%F ?ﬁ\l%lrl]%ﬁvm thin a host pipe;

Figure 6 is a cross section of a fifth enbodi nent of a

siite Lini -t hi ost, pipe. Fiqure 7Za.shows .3.

SRR By o s i o a B Releniy of o PolpPsif 15 Svifhin a host
gpsepensing rig; Figure 7b shows a sinplified side
cross-section of the first strip dispensing rig of

figure 7a, in operation, providing a helically tw sted
8 ElreR; is BlceHih SecBion BOVR BsB&EYMInSL! | p di spensing rig in
operation, providing a helically tw sted strip; Figure

9 shows a helical lining rig of a first configuration,

Pii ?Lﬁ? %gg leiogpiegfi&? Bf‘el %e!c&gi G REn s akpl;%pﬁél]{ggﬁ?lzljlél‘githin a host pipe;

I'n a rcal Tr1ning arrangenen
shows a helical lining rig of a second configurati on,
i er at | .nstal li.n | ayer. of the composite,. .
A8 B PRSP B B o SPORRRL it pve
1Ib shows a helical lining rig of a third

onfi_quration, .in ration, .installinga |Layer of.the )
EiGH5GH ¢ 87085 FHEHGP PRE Sl Piar et hy oSt boiG S vithin 3 host pipe;
Figure 12 shows a containnment layer installation rig

of a first configuration, in operation, providing a .
FagHie QithAeross pesyian of B caiogBaint of p compgFtiedining WBbinarhost pipe;
arrangenent, for drawing into a pipe; Figure 13 shows

a contai nnent layer installation rig of a second
Fegyne i7gdrewy dimplifed plngresgrsection 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 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;

Figure 11aand 11b shows a helical lining rig of a third configuration, in operation, installing
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providing a contai nment |ayer for a conposite |ining
in a tubular arrangenent, for drawing into a pipe;

wo-2@aomsisl shows a travelling welding rig, in PCI/GB2005/000968

operation. Figure 15 shows a first partia

cross-section of the travelling welding rig, in

operation, welding a seamof a tubular lining; Figure

4 Bysthafitbe eorspastia dinpryiniadielical dwsgseminigenef t he

travelling welding rig, in operation, welding a seam

of a tubular lining; Figure 17 shows a partia
EigogsE2Sshoiisancdnkdinistmtelbyen gnstalladbh eigroftal fust Gc&k’ﬂg’uwaloﬂj igperation,
arrangenment for the travellln wel di.ng

msémmg pepniyamentiayes faeneanproste Hpmginp tuhu?ﬁr @grapggment, for drawing

@£ ﬁ%g a double weld; Figure 18 shows a cutaway
i nensi onal vieM/of a doubl e wel ded seam

produced by the seam wel di ng arrangenent of figure 17.

9 sho a cu e di nsion | view.,of a .

Fatnd SerReaSelnenl B at oa rectF ovBn s et i operation
}FleM'h% ZEbrRIANENtAa FR o £EVINE ﬁfu‘n%nn b @fbufar RiBEgdhdd€dor drawing

th a conposite lining; Figure 2 shows an end
Emnmpmﬁ;on arrangenment for a pipe lined with a
conposite lining. In figures 1 & 2 a first enbodi nent
of a conposite lining is shown generally at 10a.
Figoeddathioon a ttakrelling mpiding gg) inmpagtid®a i s provi ded
within a host pjpe 12. The lining 10a conprises an
outer and an inner structural |ayer 14, 16, for

Pgeél 15 Bighvad & WiedtUsadtiall dR6RGebtion oBMd tmv@nmtgawaaﬁgtng, in operation,
| ayer 18 for providing fluid inpernmeability. Each
weldingtageam qfgysbulayglining  conprises a lining strip
helically wound tightly, with each turn Iying in
substantial contact with each adjacent turn. Thus,
Kgute & sﬁowsfacﬂemchp@tjblsqramseaﬂimwﬁ:tbﬂ triavelbog welding rig, in operation,

l.indrica ul.ar structure. The lining strip of
Wf:\;lgm(g&sg P&ldfl? rgltlmp%yer 14 is wound in a first
helical direction onto an i nner surface of the host

ﬁl pe 12. Simlar]y, the I|ﬂ|ng strip of the inner_.
erigdt/ shays p Byaal SrgssrssciignilBtAngAn elﬁ%a%tmeéem Piedding arrangement

I%i {h%ctl‘a{vgﬁm%%e?dlﬁg rig, 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 lining is shown generally at 10a. In
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i nner surface of the outer structural |ayer 14. Each
lining strip 14, 16 is of a suitable thickness such,
wao bat/onsesr wound, it fornms a generally rigid SPETIGB08/000968
of a structural strength appropriate to the lining
application. Simlarly, each Iining strip 14 16 is of
Wldth suitable for. winding infqo a generall
QTR fieaPorgpasie iting 6P i Srostdsd Wiinghestradpe 12 nThglining 10a
d
c‘oﬂgjex 1&‘3@?@1 %ggrhglﬁﬁ%llﬁﬁle éét{xfrclﬂfrala} Ssg %Ti‘%fo%ﬁ%tvﬁﬁngét%mrgloﬁtegnty and

4 dintdinmaindayead 8a“omxdviahrgomn@xmmhﬁbwlgqyal to the
radi us of the pipe being lined. The lining strips
maybe made of any suitable flexible material, for

B rRRhenraddyBe1410B] énbprises®lifihl @nﬁ%ﬁbal%&ﬁid%?g‘hmf | ®#€each turn
or the like. Suitable thernoplastic materi al

Ipisgin ﬁu@stwlgi p@macé Wit eack lagdjacens ftyrn| Bhis osdth, stmpn fdrh}s a substantially

R TR
i Woﬁﬁdl angl ﬁfs‘i.q h@l'f(ﬁ& 8Fe@onéBtd £ HOQIR fabEsGRe b Bi ? ipe 12. Similarly, the

helically wound structural |ayers forma stab
1glilith$iIID ratheassesbligthel] tiyer 1 iacwuby int fieopposite psljvel ditkction onto an

t stru efor by the structural |ayers
“illfn S'i’%gdeac?%ﬁ%o‘l“gl sﬁacﬂr? erneabl e, since fluids

such as gas or water can I eak via the edges olf t he a

I Ni. ' the containment |ayer 1
éalgﬂ h&?l%@s Elr I P‘Eé% qfé@&lt%h%%ﬁ’a%aﬁsrsaﬂl thaf,ver wawRd, iifarmgs a generally
DEORES 57 s TSSO BLOM bR clfe PSAEHRERf, g, cch

lining sdrip ipertnie ab b evidthtsaititdd forarinding ado b Qe @4lly &lindrical structure of
subst antl ally cylindrical tube within the inner

digmeles yptaple |f%fyl§1mg_%1€m e AyRicalbslos 8 6OQm@rdianetsmﬁglfmeexalnple
eg.\f\:/l{e %ﬂg%ﬁlﬁ de ?}grog Qlkd/tlggl'rrjglrlc%f g:?c?ﬁas a w%vﬂigl'h lg')}*%)?} ly equal to the

radme«smabhﬁlﬁ:ﬁ@nnr&uong the length of the tube. The
containnent tube 18 is normally at |east partially

bonded to the inner surface of the inner structural
ThaYigingkbrips ey heTREISBTaRY SitdBle %'Fekﬁ'le ﬂﬁt)én&lofﬂi’ bk SBp18 Wthermoplastic
suitable material of any suitable thick ness.

npyeriad sbfly as polyethyiempl oz, the fike.nBititableathemhbpladiie material is commonly

a%ﬂ?l%i) Etgaeﬁéﬁv%ﬂ% téxggé)qil 1{(1?{.@ ? as%'g o)@%%%&ﬁ#&? %u}g)prhetd on a 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 assembly held in place by
the host pipe 12. However, the structure formed by the structural 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
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The tube may be seaned and bonded to the structura
| ayer using any suitable bonding techni que. For
we@x@spdms48 sui t abl e bondi ng techni ques for ther POPGR2G05000968
materials include the use of infrared radiation,
ul trasound, or el ectrofusion. Hence, the conposite
lining of the first enbodi ment conprises a fluid
theimingshgst everlapiand atedeneesl tedemratieast onstluidigipgrmeable seam along the

sufficjent f use .as either;. a sen-structur | ini .
iab oF v Zhe bR Rofi ot s RaRRbiat ket Pty poufid ® o inner
SopEbd et dhepSiMichabERyert1®. @ standard pipe; or a fully
structural lining that can match the pressure

speci fication of standard pipes of simlar wal
RS Rl ) Rofitlspany HE1aR b BHRE Ty suigle thickness.
Tl cutigtafod extinipa,shomalerinbwilidje atherhthphstiGM@tenal such as polyethylene or
di apeter, and have a 34mm wal | thickness made up of
thﬁbkq9%%#?ﬂﬂ@ﬁ”§ﬂh%%¥ﬁ?éﬁ4F59ers, and a cont ai nnment

| ayer of 4mmthick. hi figure 3 a second enbodi nent of

a conposite lining i s shown generally at 10b, within a

Tsstubpingry i seamed drhsnded & Fienitigtuddapt ushe ywcwwigble bonding
egbodi nent i s Sim. to-that.of th I.ISt Hodi. ment.
tgﬂ;guqt}ek orpeé(??qgf'easruel!agllre\})gﬁfillng %é‘hﬁlél%lésr %ﬁ%&#ﬁ@&%ﬁ%?@g’cﬁam include the
50 W UfFFared PEiaGOAPOGSoBNd, iR lcRGtrdRgiogonpri ses only a

single structural layer 14 and a contai nment |ayer 18.

The structural layer 14 conprises a lining strip

}T%{c):b cakb chfm?@éiféqhﬁl?g 6008 Rst QRMBARAILY cSHprliRdhifRAd irﬁ‘%@meable lining
tubul ar structure around an internal surface of the

Iagsig spiuptrd 2trenpiinartitieyt fasustes erthdreasdnarstinbiardl lingtg that reinforces

odi nent. The contai npent | ayer 18, conprises, a , thin
GhBot e K Riprice AU A camiRabioR SfutvalERGIR Getlandaid iR or a fully

43RLd @b it et WhEifidRidd] haal imi
S?"&‘Z‘Lr?g% lﬁg{r‘g @Fu?égq?{nper ﬁ@aﬁ%ﬁet ésl geng?a flgﬁdgﬂ?ﬁ iogglgl tlar wall
thieknéshewithous theaidboftherbodt pigen Typeali Sersxample, b pipe lining with a 17.6
structural |ayers,. however, the contaipnment tube '

R fepndard dimensiangbratioy woy b AAMman dame e epd éla%ﬁfg a'ézmm wall

tﬁi&%cﬁ%g nddad! eofst%ul% Bhick ﬁ&u&?laﬁl%ﬁ oSG layer of 4mm
enmpodi nent gYOVI es a sem -structural” contirguration

thiort 1s nevertheless gas and liquid tight with respect

to internal pressure and has sufficient structural

rigidity to support itself wthin a pipe.

In figure 3 a second embodiment of a composite lining is shown generally at 10b, within a

host pipe 12. The composite lining 10a of the 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 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 containment layer 18, comprises a thin sheet of fluid
impermeable 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 structural layers, however, the containment tube 18 is normally at least
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In figure 4, a third enbodi nent of a conposite lining

is shown generally at 1Cc, within ahost pipe 12. The
w@orepogiste | i ning 10c of the fourth enbodi nent PCEGB2005/000968

simlar to that of the third enbodi ments and |ike

parts are given |like reference nunerals. Like the

third enmbodi nent the conposite |ining 10a conprises

Rrewtiallybogidpdyiosths fimge swrifase of pesinglestenstiral leymtldi nment

| ayer 20. The contai nnent |ayer 20, however, is

provi ded around the outer surface of the structura

Thapéle sedondinebslimenttpuoafleslaaymr-sthttirapniigesticn thatm megertheless gas

strip.heljcally wound to fqorm a general | ylindrical . .

i P b TR © St A o G GVl rgidity to

é@ orf R AW IAR pibayer 20. The contai nment |ayer 20

C rises a thin sheet of fluid inperneable material,

arranged to forma substantially cylindrical tube,

Ltudi i d. i i Thus, -

B SR o B ot ol SR Ayt af it aost

6 12.CTRndongiosi€ titiingl 10e iog itih foyirth emu@ipent isi dimélhf to that of the third

within a pipe and to resist external pressure due to

aighodiments gaklilkegrts aee givandiks gofgenes mimaraly drike e drivdambpdiment the

SRS B0 Bl SRR e BBt aver 20,
Bier JoreREmER SR €0, hohidver,iis pRaided Gl tHe beREEiredcalof B structural
lining applications where water or water ingress is

lpyesddnt and hence normal wel di ng net hods nay not be

possi ble. In such cases the seam can be nmade water

tight by using a flexible adhesive or mastic

Theestiustimhly laypp 1 # ecbnguiseng fimisg atripahelivallyl wogndata dotraat generally

area.of the sea t will be. reci ated that the

oS58t il R Grbice Ploviy S5 BRA SRRt e Detapmeny layer 20. The
u . e

O R S e, R ARVl arranged o form

apubsisatiatlyayBnduioal fubecleagitidindlygeaeedior Alufimigehmeability.

enbodi nent of a conposite lining is shown generally at

1Qd, within a host pipe 12. The conposite |lining 1Qd

Tofus tthe copsdite L@eb 00l eiqhid tiehs hid harsuffitidnd sfrudiral rigidity to support

earlierenbodi nents and |like parts are given |ike

itself sitbpcePing Aed o resistrrterred psewire dug fonaiey or gas insress. i Bresstructural

ical | d j t | | .14
B iy YOO QM et oL P Sl A A g e oy
ferefigathB ¥R Billagpae SeadBsiiricePoputhel. NOhik lis p&tticularly beneficial for lining

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 particularly 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
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i nperneabi lity, generally as described for the first
enbodi nent. Unli ke the first enbodi nent, however, the

weeovpo%iste | ining 10d is further provi ded w t hPERGBRG06/000968

cont ai nnent | ayer 20, |ocated between the outer

structural layer 14 and the host pipe 12. The outer

cont ai nment | ayer 20 conprises a thin sheet of fluid
ohedines ped et parisare giyen keederercermymarals.subst ant i al | y
cylindrical tube, longitudinally seaned for fluid

i nperneability, as generally described for the
"Jamrwmpnsdmﬁnihgil@i coh@rises hdliwally wetndodserdindemter stmq:{ugal layers 14, 16,

he |n er and outer containpent |ayers 18, 20. pr.ovi
1o R P OURL T ot 4 ROBI So NGRS layFnLF T broviding fluid
it @ﬁﬁéﬁ'bﬁlt? gzeﬁE’IgH% hORscrideg fdr@lﬁkeﬁrstaéﬂ%ogﬂﬁ&ﬁ @rﬁmeﬁie'}ﬁﬁ@nbodunent
l ayers I ne an encl osed region of annul ar
homeser; ﬁmodommmstth hiomgH Odhs fintht priosisled awithpmt @dricahtaynment layer 20,
flow, in operation, via the contact areas hetween
lg%ﬁt%dcwe?rﬁfflﬁ Sulst strvripblayerd a0 e BIPe ldyer s 14,
16, and al so via the perneabl e contact regi on between

the two layers 14, 16. However, fluids w I onIy ent er
Thseowric PO eiEmeRY] 23R 29 comprignsed Ain sheet ofeted] mpgrmenhle material,

ahgnééhe tb NRSH Q' s {a%ﬁa%g)gztyﬂg%?tm'bgy % tﬁ@malﬁ segllﬂgd for fluid

enctosed regi on SCI‘I ove represe

iiEehcabil g ety [jnisclticd tbiabe cleaia@ent1Bger i ®BF b first embodiment.
enbodi ment provides a conposite |ining 1Qd havi ng
| eakage nonitoring nmeans, for detecting gas or liquid

TR8KBERNE AR er E&ﬁaﬂnﬁleﬁf 1a§éi‘§“1 9'2@;ﬁmldé BY84ns %@resﬁﬁng both internal
nmonitoring the pressure or flow of fluid in the space

abétemetml phessiranaraddiignoilic d emnes endreutet cdygaihinantiggers 18, 20 define an

egﬁlgwﬁie beghcglr 8{' :a{;rtl %re%b&?sqi ?1?1 Itlﬁgagh 8@?3)[)?1' Lg b egmaﬁy flow, in
opBIRGH, | figtHlel cehﬂa& a%éa@ b@tfweEﬁ‘ 8djhédnt PrAyaremd ﬁ@ﬂem s'tlﬁctuléarl layers 14, 16,

Simlar to that of earlier enbodinments and |ike
aad elsg vieghe perheabletelﬁeﬁwglmubEEW&érsthe helagasiphd ﬁtIéowever fluids will
ni ng rises_helically wound. i and out er
Oglyrq%ftl alaf'aﬁfmfoa?%%wfef imoperalige, {15i5a? > AT BPeTaBRieBgontainment
gent layers 18, 20 generally as described for
the éurthenbodinent. Unl i ke the fourth enbodi nent,
however, the conposite lining 10e is further provided

T\#g te\%célg%edt %é nﬁgérn%;n %\ga:r% r%ggl@st meaaﬁ/seory \%l%bh Heaﬁggteean be detected.

Hence, the fourth embodiment provides a composite 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
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structural layers 16, 14. The internedi ate contai nnent
| ayer 22 conprises a thin sheet of fluid inperneable
woraiosnd@is arranged to forma substantially cyPCTGBR@®&N00968
tube, longitudinally seaned for fluid inperneability,
as general |y described for the containment |ayers 18,
20 of previous enbodjnents. The fifth enbodi nent is

?%%]P?dr”@@ma Hnjike theateret smbedimesnt, diogkeven Hig compesite lining 10e is further
r

]{)Argfngileﬁ 3&1{@@% 612{1’?1‘1%' Cg%a?eoﬁdgl?%qvheslgtal?%e?"%by\(}’%&%ﬁ bte{v%h the inner and outer
stictitgldsysgeverid. deformties. It can be seen therefore
that the conponent |ayers of the conposite |iner can
be assenbled into various configurations to neet
PR ftepibdinteRioRRirnhdht RYeSReGfHrkad  BSshedite ﬂflidrlﬁfpermeable material,
enbodi nent, for exanple, conprises a preferred
atanged utoa fforoo rif |Sgbﬂ’c@ntlaﬂm tbdmldngalt whbep rlpmgtudaiailyv\mamdad for fluid
DEkSE, Pk B ERell 4T & BoIhRbl B 15. 20 of prvins
drhbidi@entssuch as that of the second enbodi ment, may
only require one structural and one contai nnent |ayer.
The extra containment layers of the fourth and fifth
Fﬁl mq it g%ﬁ%‘?g@gﬂg gg‘gcﬁlgﬁ ]?algé%f(s fﬂd@g@ﬁr%%nﬁ&heiﬁ{é%al surfaces to
drblehes nnd eyatdr ight hrelelmg:mrﬁpphmmﬂt wihapeaths hadighipaM® includes severe
helical layers of the fifth enbodi mnent assist in

PPHPhg a snooth |ining inside ahost pipe having
severe deformties. It wll be appreciated that other
configurations are possible to nmeet particul ar design

Ibﬁalhlm %;qen élnerﬁfemﬁha AemporRyE laysusmp e, coymg@eﬂe Iregr coe be assembled

t han th t t I d,.
e SR ARl i Al e et MR, Rppe i GR oThe i
PAsIdimen, &y %iziiﬁﬁlﬁo E&npdsel! 4 pdfbirad @ﬁuéttﬂﬂan coRi I BtidYaving two
be used i nstead one or nore thicker |ayers,

apppeitedy Wgumhhetliw@l Smtppﬂurad Hyeorwith agngle et amtafment Iayer Conversely,

struct ur al ers of aco ite lini accordi ng
ST AL, Ryl TR b bRRSE el reauie ono
SHRYtuPhl a8 AR bt al . "8k EACEntaRinidnf W ES of ®d Burth 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,
aplurality 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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10.In figures 7a and 7b, a first strip dispensing rig
for dispensing a twisted lining strip into apipe is

W@ badnoisus oper ati on, generally at 100. The ri gpdDGB2005/000968

conprises first and second coaxially aligned

turntabl es 102, 104. hi operation, a coil 106 of

structural |jining material is nounted coaxially on the _
Joifrggipest (a4 A I HEI 1R ispesingaip ferdisransipe Asvistpdilinmg strisinto a pipe

ni . i i . 5 i .
B0y BB SR o A1 R PRER B s goop comisty
dignbabirgtaples 1 02,410d. Infvperanies s Jodlr 106 Biri@urialening hiaetlal is mounted
structural layers 14, 16, of the conposite |ining 10a,

oogpially oa the fyst tugatahled 02 fer sbpequpet digpsnees i@ thetttipe. t he

spiral of figure 7a is shown illustratively and that

the concentric circles shown are intended to represent

Ahbest seenan fighneed/ asibiecail 106 corsposes ispirali WourEsttdip of lining material of

turntable 102. .104, .is rotatable jndependent of th i

BithEl Moeng oecied: o Db it Resfel AeREH ks 45,07 o composic
- t 1 1 -

e T

iNmstrdtierelyomnd tied thercoappitiic citdlershowh ereintehdedtoirbpra@ft ihe consecutive

E§ar icuhﬁ;t% Lﬁrge. The first turntable 102 conpri ses
TALIISQEIBOF . pl at f orm 109, which is rotatable with

the turntable, and includes a substantially circular

aperture 110, axiall aLigned with the axis AA', _

e gDl ! & b fabole ipdeRdens af G pilr avlativep pgubstantially fixed
AN A Ae) LON A kT

U 5073 VR TR O SREICE oy ASGEEH S A MRt 102,

t04rand fedlerotiidble Hpiiag 86 pawelea i fpplivdiiohs wiisieGhe dosl 106 is particularly

rotatable with the turntable. The platform 114

lpigel udes a sectored control aperture 118 through which

the strip 112 is dispensed, in operation, fromthe

coil 106, into an access pit 116 as the strip 112 is

‘hreafiwst tumteble HORicpmpriFésen smbsupgott platfoatn 91 64idhs's rotatable with the

further provided wth jde rods 120, | ocat han_ . .
Sl et d e SinsCafilly Grbe patired 1B nah AlBe it the exis

O 1 i i . . t o t i .
423 SR pIAROES-A Gl U TP R OLAAAZS B . i
opkratipnj Sord raentremoss tan of tipopérd] @ilbE6end | ocated in the
access pit 116 by a

The second turntable 104 comprises a platform 114, which is rotatable with the turntable. The
platform 114 includes a sectored comtrol 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

rig lines the pipe with a helical structural layer.
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helical wnding rig, as described with reference to
any one of figures 9 to 11, as the winding rig lines

wo b@sp9qse8 Wi th a helical structural |ayer.Ilt wdT/GB2005/000968

appreci ated that the strip 112 being drawn into the

pi pe needs to be | oosely wound into an el ongated helix

to allow practical formation of the structural |ayer.

It wildpe rrnreainied Brié thewirin 11gbeingedrrwn sup #lwmmm@lseldétq bedposely wound
ener i.red..for of .th

B 4R s s PE e O For G bR Flrtespie] By fnaion, one

fhe oFtild 160%%%@@1&{&% striff D124 geﬂékeﬂgf Qi reﬁ?@pé'if@ry turn of the helical
turntable 1 rotates as the strip i's di spensed from

thhietugdilhyet deingiwouddpendence on the demand for helica

turns. Thus, the rotation of the second turntable 104

gui des and controls the strip 112, as it is drawn from
Inheperatioh ,as tler atip i 1D it dratvhenteah¢ pipe dhepdndturapkictloqd eotates as the

118, and the circul ar _aperture 110. In the absenc
AR s bipsaredrir ot theycall Py densdings pa therlemapg éorélslwa? fyygs. Thus, the

HABHUE %k‘gﬁé SQ&QM"[ }Ikﬁiedfg% c}ets %&E&tﬂoﬁ]’cgg ?tlﬁﬁgqﬂ G Q8 dlta% from the

I NS I amet er o coil 106 at the t
dodl, floongdboth mhqaseatxtred:eontﬂmdmparmre 1181andahmciaiula1\Mpsﬂture 110 In the
provided by the coil_ 106 be |ns¥ff|0|ent to

%ha@lca@ﬁmr@taémpﬁ@eéﬁﬂt%% eoWZ the il { Q0 pafyrpll saarp&dpwehcal twists
151%1' ﬁéﬁﬁfér o rf) | he W&ﬁne@" 5{ 1?19 cggw@&ﬂ R0 tlﬁie tﬂe twvw is formed.

Str ning 1tn a sna I anet er
nore tw sts are reqU|red the first turntable 102, and

t.at ed
BPETeh Jio Vo, arR R et hBng R R A6 Ao ipsniicignt o meet
thBBerf M dslf thefahPHRALBA] TS fsQaRietiBildl Solevhhie for RRAApIe during formation of
rotation is controlled to provide the reqU|red

ef stetqmlerﬁbynmg ihel snealler didmeeter, pipe. Wilidre bwreppisesciratresiired, the first

i3pesa? P R bR g B gBlareig aiteiont! Gelgfc comesponding o

the Hiré@.‘ionﬁlv\hﬁﬁ ofﬁl%gﬁﬁzﬁcﬁfom lidsioMtb bu@ﬁiefTHetsB&rd of rotation is controlled to
appreciated that the dispensing rig 100 nay also be

mreede the requireidiaqusteyuaithetied] twasjser from wi t hi n t he
pi pe, back into the coil. In the event that the lining
strip material on the coil 106 is exhausted, anew coil

I¢ 2l b pregiated than Sﬁpﬁbrblﬁﬁe ﬂifzdmﬁ%‘fhe&foﬂl 106 (ilmmi oﬁiﬁ)@imdlrectlon to ‘C’
butt-fusion wel ded t end_of the previous
wilkiprgt B edevperdstiey twhfr@cmen@h Hiwillde Artheg arpreciped Siakibe dlspensmg
[
LRGeS A0l SE0UEAL B L A% U5bE R o
electriC|ty, data, or the l'ike.

In the event that the lining strip material on the coil 106 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 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 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 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 is held until the rig is ready to line
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Hence, in operation, relatively small access pits 116

are dug to provide access to either end of a section
w@booskegospd pe requiring lining. The pipe is thePrCDE82@®A/000968

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 1lbelow), provided at

the@1nen dVlsire theerigpisplecatoshat & firtend of led pipefas desetikedrigh reference to

B0l TS LR e RS 1 e T 3Ll ot
stiugthi-4 1d¥), thé ﬁelﬁiaf Wihdirfe @©E %‘Qﬂiré\ﬁé é’dcﬁt'i&a%zﬂ@te@)ﬁtr@ WZrI‘Ed}n the coil
(not shown). During installation of each structural

104ye form the Lirvislgl st injh mebrln@npﬁéubulg stimetwes. Abelii¢manmiaor helical turns
fwWsted str 11 t 106 to formthe linin
lsfrfel%éy cﬂ]iltBOI!a\eB&ﬁ} E%ﬂ?ﬂ?ﬁlﬁﬁﬁ ab:?}e gc ucture. The dermng

for heI ical turns is net by controlled rotation of the
éurnt%ﬂle 102, I.n flgure 8 an_installation rig
I.gu{ﬁ falgtop i dsgensing agvisted Hpng st iatos Ribelineds shown in
rabi

d@%ﬁﬁl?ﬁ!%%ﬂ%@%p%ﬁ’t PR rEPRO sl tehort il L avine a cor
bt3edngh 34y eihich acwill 13636d arsdt & gidde roflerguB sl argotdtablpmbasted to the
are rotatably nounted to the stand 132. The coil 136
S%ﬁﬂﬁgses a spirally wound strip of lining materi al
for formng the helical structural |ayers 14, 16, of
t he conposite lining 10a, 10b, 10c, 1Gd, 1Ce. The coi
Thgeeails] ?@@@ﬁ@meé 2apdally avoelédatsm 01%11>tli119g Tapgeria for forming the helical

iPREETRR, 2 RSB BaaF SRR Y A 15, o 120

1&t3ﬁ1b?d golitld &éﬁ%l x4 ploxbt ﬁsﬁé’hsﬁ@@h&ﬁﬁﬁg ﬁgteilﬁldev@f?l?lt'ﬁroﬁgh the guide
axi s generally perpendicular to the central axis$

rolfers fe8.cHid coll386 and thegwide rdilersl @pﬂfﬂ Swthel rcrtata‘gle on the bearing 134

t o ‘%ﬁl’ﬁ I‘ejglileg‘fl ellﬂe%%‘cﬁ H%‘]quﬁ% rﬁgepﬁnﬁ’f’l 1'%_% ﬁg gle qohl 136, to twist the
d%@ﬁ&ﬂ'lﬁhﬂlg th&bAdliN8 aYo sSR! AR R 192 Esslt ljsjcﬁ?\/%é ﬁé@%ﬁgg 92, during

provi de access to either "end of a"section o

opemtipbni ng |ining. 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
Heingesrieep@atidi) relativelylsnindl a0vdss pas DM dte dugdo p@dik&d@z[bdes@io either end of
the pipe, where it is held until the rig is read
a|SPﬁt9ntqféh€ﬂ?1]9%1 equpimgdininge The pipp & th@t@fte@é‘? @ttbo@h ¢l oéﬂm section and

s 111{1H§ stPl'pFﬁ 2 g?ﬁtté%ﬁﬁ&)rd lg?gal\%ﬁﬁmg ?fg%&e Qe ird ahd described for fi gures 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 strip is drawn into the pipe by a winch (not shown).

As the lining material is pulled 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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figure 10) the strip is drawn into the pipe by a w nch
(not shown). As the lining material is pulled fromthe
w@ 2005/048@ t hr ough the rollers 138, the coil 13BCHG#2005/000968
rollers 138 are tw sted about the rotational axis 134
of the bearing to twist the lining material into the
| cosely fornmed helix 112, which is then drawn into the
il {lpe limpg piag 18 Heedi fasevery helicehtugt casdedowthyiibe winding rig.
| ayer, the helical winding the rig draws additiona
twisted strip fromthe coil 136 to formthe |ining
Istthe pvenittbatahe Jiningdtiip ah theiboil 486 st exhavsted.a new coil (not shown) is

Effectivel onetwi st of . the.lining .strip .is us for, . .

BualH S ST R ho PruttEais Byl fieRe R $FGe bifvious lining

Sttllil}ﬁ u§”1‘1’1§ Rbn¥dh@bnd H6cHnk qHe 8 OTIRE s?'a&: 2Bukd Q8 ituldBRI béhtral axis of the

exhausted, a new coil”(not shown) is installed and a

Irediw 184y Hopused ¢t catvemmehtlp egconfusiatreabiek dedbldotrictyt dath, aribe like.

of the previous lining strip using conventi onal

techni ques. The space around the |ongitudinal centra

afigared a héleahelndingrig/ofafintsed fipwratenisehbwimnad 150. The winding rig 150

accompdat e cabl es for, electricity, data, or the |ike.

1g, iSh(f‘iV]@H? epegation, belicaly Liyingf Pige ﬂ,@n@l} a Jiningsiip 112 dispensed from an

- r i-ng

RN Lot VTRt (il M R R0 4 o byl Sy smuctura

lhyeti14gThE Wirplidgldg 456 panphsds bphirhlas of Beidawhabls 052 f indbptidnal set of

described with reference to figures 7a and 7b, or 8,

royvgsehetiideradlest ke o setalf ppuged pueh rotiers Wp rdind gnieidge awde 158.

conprises a plurality of guide wheels 152, an optional

set of powered guide rollers 154, a set of powered

Ipiopetation] hayeyen 3 wasdnging é8¢ & igiiatly ldB8d 4t near end of the pipe 12

operation,. however, the w ndi T 0.is initiall .

PRENF bR sd e i e brisehiih | £ Thgiorie eliqa) g 12 i passed
. i . o . . | _

P O R RS 5, PR 1 S or e pipe 12

with thertslidB 4{rudibil tayecbhf i gure the winding rig 150 for

lining the pipe 12 with the helical structural |ayer

14. The gui de wheel s 152 are nounted at the outer

Theguiide wheel 165 2vireigiongted apthd 50tet Bmith bHive thigding Bg1160 to allow the rig
rotate freely within the pipe 12, about its axial
te spfetedrealihvitBin thepipad 2l eyt tudkidsenije, Manlgt mAgingilengitudinally long

itted, the powered guide rollers 154 are
tygg{ft%e% in the winding rig 150, and are arranged to

draw the | oosely twisted helical strip 112 di spensed

\Mlgrrg f&ttc]eeci, itl?esltaoavlvelaréa& iggﬁerrioﬁeris qt52 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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the winding rig 150. The pinch rollers 156 are powered
by suitable neans 160 for feeding the strip 112 onto

wa b@sjoonses nal surface of the pipe 12, or previBPCBEGB2005/000968
installed lining layer, in a tightly forned helix. The
pinch rollers 156 extend fromnear a front end 162 of
the rig 150, relative to its operational direction of
lopgifustinal psisef dee pinelatollesid6164, at a predet er mi ned
angle relative to a plane perpendicular to the centra
axis of the pipe 12. The predeterm ned angle is chosen
Theredge gude il it vedabeingshaped 86 ghizaralwgnformés iwithdhe inner surface of

e airGg: ThaBnr TSR rhsed o M Rnct s o  thpipeyes previously lnid
1@?&%1” Hié'cgﬁxpav's’_i?e lirﬁn§ %?‘éﬁ?smt&%ﬁl Mol %P&gahs aqrE51 %}%ﬁﬂgﬂ% thelike. The

conformty Aner surface o
g aded 8]15ﬁtted:tokih@s 5@ gai peditidrhfer, imoyesratson; gawl afigiithent adjacent to

eﬁ]: eﬁg’ﬁ QP thg gqrog{%?g%a lg}%égc & eerll tglgacl:@%e él(l:sg nﬁeglz:oﬁ thepoint at which the
S?E%u Modfiact{Re dﬂé?s flﬁé%s d&%gdi%rrillécﬁ)ﬂ the gdbtsérgg ft‘&rﬁ %67 1aQ teast part

In a position I n operation,

cﬁﬂtlhqgui@mls gdjracoatect tvith an: edg@ef thé mbkifremsly coipletetiiym 166°. Thus, in
npl eted helical turn just ahead of the point

%@r%ilélw glﬁ% KRS foppes the se&sﬂtvaefl@gméo MeNeplogg ﬂfeave@e as it follows the

e B g S R st "wi th the edgs of
the nost recently conpl eted turn 166 . Thus, in _
PRSPl Bttt s iRl bl o adh retasverto

tRE EIcQY 8l 6@ PRkl Pebnip1E8d 488166 45 sWed in f%%.re?&p Eﬁ&ﬁhﬁt’cﬁéjgulde 158
that” the position of the guide 158 may be sli'ghtly

fringsd nagredgapdicaveandhe o hed’ edigrenidy baimeformed andgbeprevipus turn 166°.

eted tur e 9, suc
FREB 8 Gloviessldbewioa iR o di bl tius teRaidas Atage whe gap i
AR B8k id SYePRidn ¥y fﬂé%uﬂeﬁﬂén%lﬁn 1 56°PiskBGpleteMiller a force
a gap ensures that the spiral ns do not overl ap
appliehiy itseelgabpdicgpideii®n. The gap is automatical l y,
cl osed, in operation, after the subsequent turn 166"
IS conpleted under a force applied to its edge by the
Igwuiilll&e hpPreclatedvhhi whitstahp peide 468 desdnidd \Mﬁhd\&h‘cag&ﬁls alternative or
agw de 158 described is_advantageous, alternative

dhdionslile TERRaRISRE S 8P IRyBE Ao hrlopseh taigvdiicling strip 112
ihf3Gnd ﬁglﬁqleﬁcgtl%e?f I%Qulpe%ﬂ Ak B 1;1139 112

Hence, in 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 to rotate about
the central axis of the pipe 12, and to travel longitudinally along the pipe 12, until the helical
lining 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 a 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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into the tight helical feed required to |ine the pipe.
Hence, in operation, the opposing reaction force on

wao b@sppasaedh rol |l ers 156, and the guide 158, proPCIV6#20§/000968

the helical winding action, forces the freely rotating

rig 150, both to rotate about the central axis of the

pipe 12, and to travel |ongitudinally along the pipe
apmsiaHetion tigeasifisparhar witlny qemeof@eféslrc$7a; anfpVlat@. 8, to produce the

Pl b Safton SR camiodo PR gl sl nBagis 152, an

SitionBl Be&i dlpdwertd gdideaiing 132¢ all RAidd Bf MgiskhlMers 159 Yherally as
the newl y wound structural I ay er 14. Infigure 10 a

drspiiledl fonthediraionfiguretion | Seanshitkecpamtsiatugizen Blee teferettvowmmerals.
at 170. The winding rig 170 is shown in operation,

helically lining apipe 12, with a lining strip 112
wap*efms'mdoﬁerzdmntﬁensinéingatg D wsiigitiaHy madidbacfaméﬂdrbf the pipe 12

feren ure 7a a 8, to produce
e Fu e insfona ot a1 b Eolt ?@é@“‘éﬁtmn 150 the
1BbsY lélhbgl)éﬁﬂ; 1194k ?%er 4 15 h%{'i_la?o tﬁﬂal%@ltd B@f‘ereﬁ%ﬁ ?l(leerrsS 154 and the

power ed guide ro and a set pi nc
fbErgepiachkdlierassq) dacsm‘nﬁgada thewinding fig rlgt) fmdnﬁmgthregﬁpeo‘m with the

g and |I%ﬁ parts are given |ike reference nunerals.
®5el4tion, the winding rig 170 is
|n|t|aIIy | ocated at a far end of the pipe 12 relative

to the ri%]dlspen5|n the |1 oose helical strip 112.
Yihges fitted, thiepotveredrauidguphers o asarmanged to dsw thelloasaly twisted helical

s%%%g EZ élSBEﬁSS% P35> Sﬂlg?ai]%ﬁglgﬂa lli?tﬂgl[l)t 00 ?% 5 g]?ensglﬂp 112 is required by

th@hﬁﬁﬁﬁ ﬁgqaoto conflgure t he mnndlng rig 170 for
l'ining %he pipe 12 wth the helical structural |ayer

14. Were fitted, the powered guide rollers 154 are

ﬂ{er;ﬁﬁa%u%& et %aserk@ Sliapleths4rRd 60 8ol f@ﬁdlﬂ%ﬁ%é%ﬂl@? onto the

di spensed fromth |nsta lation rig into
1agrdhsursdceiop theliipd K2, oepusivioaslylinystdlled lininpdayg, 1[1|ag1ghﬁ9 formed helix.
E c;nch rollers é§6 are omered by suitable nea
Likpedrsicen PHE!9h ed%“il‘?hﬁo 15 156215 POREODS alp REadstenmined angle for

@U&Jc?&fh&fcaf Hﬁnsﬁh%%lg’de&&d }fél%'i'@ley ad g?:ﬁ ?%l ye&s!:ﬁ%'dqgevmusly

ayer, in a ti or me rst
Golilfel thelpeevions ,coﬁﬂi‘@lrmdmc howeel,ghs pihbb réllees HEsdxtdndr@tw aidly from a
a predeterm ned angl e for producing helical turns

REhiAg 04 of dhs e b7 heelativg to ¥$ epraational dissesion of Fravdscr i bed

previously.
Suitable guides (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 thé 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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Unl i ke the previous configuration, however, the pinch
rollers 156 extend outwardly froma rear end 164 of

w0 b@s5090348L70 rel ative to its operational direcP¢DGBRGI05/000968

travel . Suitabl e guides (not shown) are provided for
translating the |loosely twisted helical strip 112 into

the tight helical feed required to Iine the pipe.

Viéthaeferdange deguaes bamd 1onia aperasion.ihe Hring prospssiusingeitber configuration

the. pi nch ral roduced by, the hel..cal .w ndin

Ay BBl Tt BB G iyt PR 5 Nt g nd the feca
difdclibe offe Pinch RelleeETH. Blwill bk Spstbcihtb@thiai Bechhricaldnd eleBirical sensing
travel |ongitudinally along t%e pi pe 12, ahead of the

ofgbe edgecdrile Previous spital turn mayttielusedhio previde die mpanisifgr such control.
process is conplete. Thus, the direction of travel is
towards a near end of the pipe relative to the rig

Idiveiflelres furthet bpprecieted thed a halicad twinging ¥z of bithdr aoséipyration has the

und helical stri 12 bei.n rail.ed in front of the
%%Q’ﬁlaﬁaa@&lﬂ%caw . ngﬂ?]draéﬁ@f%??g Of VPGP, gndFryered tq ypwind the
18e @};{x,g{ﬂnd §tﬁﬁii}ﬂe IiRg Process using either

configuration requires careful control of the
| ongi tudi nal travel, by nmeans of the strip tension and

i i f ot ' : o Ltowidd .
haRabe 98 LG AR RS PUAR S BbRLRY I L i operaion
windidpen AekQetraftutabRiysr A iTHeSvinRinkalg 200 B sABYH Qinﬂ%ead{)%)@ 12, with a
provide the nmeans for such control. It wll urt her

lapng seib di 2 dispensed Gomeniipsallagion digrag descrjbest wih redenence to either figure

SR A% LRI O SRV IR B bR lulin3o88 ot
%ﬂﬂﬂmmfhﬁd@ﬁhﬁﬁ@b%ﬁl@@gm_ strip if required. In
igure 1la, a helical winding rig of a third

configuration is shown at 200, in operation wi nding a

’_glLe'(') c\ﬁl\lttherl%ﬁrﬁﬁ’déﬁ‘ E@?is_tﬁlﬂﬁ%gl’a@i\%gt Tﬂgeﬂaﬁms @905’%5119161"12 %&da?or slightly greater

ning a pipe ining stri
ttars frersseandl radnsof thegtipd 121tTh peration,ake detsceylinger 202 13 clamped or
reference to either figure 7a and 7b or 8, to produce
qthrawaserfixed spariallyioan exposerrad\gt tiei HiBe H4-§Y20Y Seigthls meas.
an outer cylinder 202 and an inner cylinder 204. The
outer cylinder 202 is tubul ar having an inner radius )
Ehepsnerrayvliader204ds sbubsyr hayingjan [iyne rashigseubstagiiplyrsual to the internal

26LS [)Pt%le P{pﬁeﬂg Ugé%% ehlc'l] 50 bp e %%Srr pyi(ljitn Qr%ﬂtié I%P%t)?(i goeaxially within the

outer cy r I'S Cl anpe erw se

cﬁﬁél%lylgl:ldey 20D, iRBp@XRAS 86hefA1H ddfactii€hctixpOsed dnd BBth@piye. A second end
sul t abl e neans.
208 of the inner 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 slot 212 is provided in the wall of the second end 208 of the inner cylinder
204 through which a lining strip 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 to be
inserted through the slot 212 for forming turns of the desired helical angle against the inside

surface of the inner cylinder 204.
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The inner cylinder 204 is tubular having an inner
radi us substantially equal to the internal radius of

wao b@sppqses 12. A first end 206 of the inner cylPaHeB2@8400968
is located coaxially within the outer cylinder 202, in
operation, generally adjacent the exposed end ofthe

@I pe.. A seé‘?(l)\gd end 208 of the inner cylinder 204
i stigal Busdtbrmerssian Feeraak dseoy|thiis exteplingrhalically around at

RS 056 1 A1) B0 MBS U e et n

®tynirgl fonsect tvom of ket stAibBirhiSlapdravi skeeh formeelt walllbeQdppreciated that
t he second _end 208 of the inner cylinder 204 thropgﬁ
housh Breihelcd) guide is hownzxipngivg arqvnd odlyeaeridern ofithe inner surface, the
i ' ' . LS provided. within the
SREPHLON, Ahe R8s St R Rp IR M Pighe ofa sorew
thidall Rgteding Fulln@ett® thetitviQigvubiteresd s tRdidner’di8indérdh one or more
212 is of suitable size and shape to allow the strip
hefipaktarng ot Pl be fusther amaeriaicd thet thi guide 224 mel hies aretrgning shape for

r.ns. of i.red _helical .angl e agai nst the.inside .

RS i B BB 2 ety a0 R e R R e inder 204, in

tHo@npri ses an internal ridge or the |ike extending
helically around at |east a portion of the inner
surface, at a helical angle generally simlar to the
PP PR PO S vl STt G MM Bloperarion,
thé tdoetly wotthéhélalal gap 1HRiisdeitinly dikypamsedeidre tidkistrp dspetiside rig, and fed
gFly ﬁgfortlon of the _inner surface, the %uide 214 may
EHUigh MgtPsrEliqn Yt 2d¢ tafymsa gl ibeligad Fgion 2 [ gm thgimside surface of the
4t rrif [ . .
il PR 208 TR neReHTERM 216 RAefl) G0 O b BESHER acjacent
cdiges o 2 1dust fwaadubbaquest tutis avd lobatbe ofi vithidretdea piccigsl@bleghide 214. It
that the guide 214 nay have a_retaining shape for
Wil hsianpreeigtaddhalithe tighicrdehicad region 2iSaasgxtspd pgeiiatlyinte pee end of the
| AS]: urface of the inner cylinder 204, in
]%EEQE?ﬂ%n. The strip 112 conprises a | oosely wound
open helix having a tapered | ead end. hi operation,

he | 00s und_hel | strip.112.i.s initiall . :
& LRTRE PR REDG PFE i brsabiomhiy g 204 i rotated in
bRk Airk&eon ‘M8 it the Buidk Sheeld € BeBriA@I 1102 4 MBtoRTsed drive or the like
helical region 218 on the inside surface ‘of the inner
(o9t sheskay). 2A84he Tiver leglindsal204 egiates, theschdlisalsguidhlly copeges between

and i s wound _.such .t hat adjacent. edges of at |east two i
HisoufudRe e M e el aa i Bt etendil P Spbotent F1 in a
dRblicl X9k B8y 2ddvn e 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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wi |l be appreciated that the tighter helical region 2

18may extend partially into the end of the host pipe
wa2eossdes t he tighter helical region 218 has bRENGB2005/000968

formed the inner cylinder 204 is rotated in rotationa

direction CD , on the guide wheels or bearings 210,

by anotorised drive or the Iike (not shown). As the

tegine 218\Hénsdghe ﬁMon@itfaltceSa}re ttlse rddabd:ct:célowgmgi @{éalmel in the direction

enga bet ween subse of the t|

3185 Sihirt i opeetith BEH R v BB NoBh foments URReiPre defiedilatory and
HhESHk1Rhg aftioA¥toabbsd r@ﬁﬂ‘@ id ﬂ%ﬁaﬁ%l?@aﬁ@ trafdl Gf ﬁe%ﬂﬁét{n%[ lining strip
transverse or turning force F2 orthogonal o,

dléneg the pipeal 2 wilyboly a2¢Btivalemalt maiounbmfprotadann FI act s t 0

drive the helical region 218 down the pipe 12 and

smaller turning force acts to rotate the region 218 in

Ald the etripoi 2' tRlvelskanaad altohg ﬂ'hﬂil}i)e?m thy axielifioccedtirforrebagisaquent turns

to nove along the pip the inner cylinder 204

tpetheredius diing Ffferaqb%nt@ﬂlywﬁéUWﬁ dtrdarisBgtue faygr 14 as described
e [ 7 t. t

eifaﬁgel"fdlz/[ax rllfllglcl{eﬁl le§1 gﬁ%és] Bﬁ% g&ﬁj%g tﬁ? gti}g 1@@1%81¥)4§t35{dasﬁffer and the

frictied bemakn flerafsy sunhicedis dabt, &gaixmsblea taé pleRére oIFIwater

However, as the frictional force builds up the

rotating force F2 causes the helical region 218 to

THQR18A, lm‘ir{%&nbﬁﬁf&hw HyliRe ik 206 184criBEA WitB t&BeRdt t6 fiBure 11a, may

Hence, ctional forces are also reduced allow Ag

tepenhimder hy die nirnvibien df 2 pigt226as {Xistrated ooigure Ukh. Thepig 220 comprises

eratjon UI| up. of fr.ict f.or c IS .
Aty 2o PEovidativint it i BiefecemionhRlS s MR i isstirfontact with
tRE RAWE &HHFlcE %9 |tﬁeshdsf5}t) ?5 hat TH@%ﬁeél?Qﬂﬁarterp?%ﬁhecp\ﬁmﬁ Q%read of suitable
structural Itning strip along the pipe 12 wth only a
dreeilgatand alayersalntd grimtioe wmier elﬁrfaroetozﬁthecp‘lpe B tltdneb}&’emst]mg]ﬂ)ﬂttlon of the

into and_al ong the pipe 12 the axial force Fl
lﬁ%ggég%gﬁﬁﬁgﬁﬂ%%ﬁﬁ?ﬁ@%@”%@bether thus formng the
substantially continuous tubul ar structural |ayer 14

as described earlier. Maximumlining | engths are
Igrapstasionnierpig R0 4% msamfdsn%ﬂ@k@st Hivg lgtberf@r@rhrangj ceipmences, the

t]éﬁe'rg& Fl?c{]opt%«t: ﬁo%@lgw&md Hali %‘? s%g)t fﬁccﬁ%;heh%gil 1? {tllqé Idlnsgensmg rig,

resence

a@@tfé@ﬂn@[ghdhé a@ediyn s10€212 © B30 ihedttdriheBehl ‘Mgﬁdih 218, is connected to
reference to figure 1la, may be enhanced by the

the badys?Bhoidhe Rigd29- 220 as illustrated in figure 1lIb.

The pig 220 conprises a body 222 provided with axially

al i gned gui de wheel s 224 biased into pressure contact

Tivshin operation to line the pipe 12, the pig 220 resists rotation induced by the turning force

U

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 turning force F2, the diameter of the full
length of the helically wound structural layer 14, and the associated 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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the inner surface of the host pipe 12. The wheel s 224
are provided with a tread of suitable design and
woraiosnd@s to grip the inner surface of the pi peCIL&B2005/000968

thereby resisting rotation of the pig 220 whil st

allowng free axial travel. In operation, the pig 220

is inserted into the host pipe 12 before |ining

It onirbe gy eciathe thabplidhrongh drecqufpntenbof fygyses| A tovb Ui isdshown for producing

i.cal ensed ron1the S
eyt Fios iR PG TBRET P APaieighetsu bt S BF by shuipmentis
éa@ﬁy b eible B@'p'r&ﬂicu feg'lféﬁcﬁls%ruchﬁalqgﬁé?e\%lﬁﬁi Irpaﬁ rE)%posﬂe helical
body 222 of the pig Z220. Thus, in operation to liné
dhh@:tlpn dﬁlrll@nnomeﬂmvgmgm@ rigwiny be usat fat mamding fiuthed sﬂngctural layers,

the tyurnin rce F2vvh|st assi.stin xi al trav
ViEinghS Bt 15 1 pEeacs bomRea b rbtes v et Bty of such layers
$8sEnRither diRRE6EH. @S the inner cylinder 204 is rotated

under the turning force F2, the dianmeter of the ful
| ength of the helically wound struct ural | ayer 14, and

]519’[311%1‘308081” gtc%ﬂteafuglﬁé‘rﬁ 218%@ QiELag E({ﬁﬁ% %apﬁg#é {:%’ragr}\ﬁeﬁ)n 8ne of the

é;ﬂbdcﬁmbﬂit@ fefl a6 b@He@Mﬁféd b9 wiay aY etangdie© 6@y twith 1’6&$éncﬁ Itcpﬂ gures 12 to
with a m ni mum of opposing frictional forces. This

Bl ows greater maximum lining | engths and inproves the
efficiency of the Iining action. This installation
configuration is particularly suitable for small pipes

Intveder toristalléhdrednitanimenti laytir rigs mdcgssagrte prayodesmshikeét of suiteble material

(g{ﬂ}f tf:]f%ﬁltw 1{1)“&1 t‘}MPl@ bed 3@8%351'1@11%81 f@ﬁ%é&{fa Lt ?to X attﬁg‘q?ql,lé' equal to the

Ak URmR St ofﬂﬁﬂh’eﬁ@hoﬁtrﬁl%’éziyrﬁl 2 JrédElslyRAfed ThyRr of the composite
particular helical dire the equi'pment 1s”easily

lireng rsith logedappingy lodpdudigal edged. iThalshsdtrthet vecak td6 dpebormed into the

WO g g&,}’ ﬁg]ﬂrﬁg'lcﬁf‘fg ﬁ%{/gﬂge%é é:g ldfaglylggfr&éﬁ}qén runt Eg{;)re it 18 impermeably
p an gg tg}gﬁlg knd @\)é?lﬁgplflg"ﬁ dhdtReaQHer %{uﬂl et i eﬂulrﬁd.

onposi t gs havi ng rality o suc
| ayers wound in either direction. Installatlon of a

By RuESTR EO0R Py 20
&er20aprloidimy ¥/ comtdibmestf18yce €€ cdrBpdsitg LB ahd féreniABit 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 arelatively 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 containment layer.

The forming section 244 comprises a roller portion 246, located generally at an opposite end
of the access pit 116 to the exposed end 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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In order to install the containnent layer it is
necessary to provide a sheet of suitable material of

wa@ adosjogisesit wi dth to be fornmed into a cylindriPEl/GB2ME/000968
of dianmeter substantially equal to the interna
di aneter of either a host pipe 12, or a previously
installed | ayer of the conposite lining, wth

Hheefqraning peetion gt itherarorapises 2 mhadisgadie 2¢Regenseadlysadjacent the

far L0t rall Lindrical .tL I
8oL, b R0 R I 951 b rom e
rollRer e dpkitise dned 1ainnghrtibe hAMes hitPrRirRgpias 8dudRtdross section 252.
bonded to a structural layer, if required. hi figure

Tie ayerlpp of the dhiudansresstsertnpedS2i fagnad beani 373, avhicinigeperation is seam
i .general ly.at 240,. i.n operation, providing a
%%%%c{;%ggﬁé% 111111§§£urb3é6$1n %%‘@H‘Bél%ﬁ nge :i?'ni ng and formng it

into a tubular arrangenent, for drawing into a pipe

12. The instal |l ation arra nent . 240 conprises a rall

T e o SRR e oA FS i3 I G g b B AR the access
0118, a8 Nel s R BER A RL0L s o By 10250 s
initially 1t asgt leates thealollt2d2 and passtshever tiieeoibal The sheet 250 then begins its
ci rcunf equence of tgg host pipe_12 with some overlap as
GOSN (3 PRy RESE POBEAY CTRFY FROIER &7 e W dnteignadkinde eiopt-sacHARAtstages 254

: r rq .

2085 A T O LR ASEL ORI BR bty o g

shée igto tlesspPl 2 intibditetivh EX G xphsnd 1BRd cks-bdttiop2 P& Heace, the tube
.The roller portion 246 is:-generally aligned with the
ipfipefem lHpkng it mHalt capselistartion ip Giedttiemolibapirg 12y

per pendi cul ar the | ongitudi nal axis of the pipe 12. The

form ng section 244 further conprises a rounding die
Ip ggler tpellomathe pvertiipaterongivdinak grageaf cenfdinpient lagerp pe welded using

1 nfi.qured. to forma sheet of lining.mterial 250 .
gt Bppeufibe RE ob o LG B R BoRuiethip Afow imfarea
tRQErhision Aasi SH0th3 Bhe¥. sl s8RPin gk thidte280 afd 285 a%ﬁ%ltﬁtﬁﬁal edge region
252. The overlap of the tubul ar cross-section 252

of drenepnépismenh 1263 shegh carhpiises ep ebsarptom susfase 260, welodew for allowing

. te§$hetliningtubeisin place in the pipe 12. In
OREPAEYE " Phe sheet of lining material 250 is
initially fed fromthe roll 242, into the access pit

ﬁéG, ar g d the roller ]%46, t hrough the di e 248 and
i ﬂl_aﬁe{tﬁg @ﬂé%slioz‘! twieRosgiRlsatltenstive Waysip avhiichy the ahsogptiongurtace 266
1@36&@%2@&’%@6&? ]?ﬁgé] %algi ! eﬂ’ é‘f 1?%}%[ IS {E %bé?)\ﬁ%ont AL P d6Fhrms partofa

region extending only partially through the thickness of the edge region. Contrastingly, in the

example of insert 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 longitudinal 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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transition to having the tubular cross-section 252 via

i nternmedi ate cross-sectional stages 254 and 256. A
wowesho@mot shown) at a far end of the pipe 12Pdr/aB2005/000968

the tubularly forned lining sheet into the pipe 12 in

the direction "X, to forma lined cross-section 258.

Hence, the tube is free fromkinking that m ght cause

gionde headthe abserption surfacg 266 anhthupivels the twhoveslapeing edges together.

al l ow the overl appi ng | ongi tudi nal seam of contai nnent

| ayer to be wel ded using infrared bonding, the bul k of

Hirthecrnoteainomdarto dliopethemanteinnent layercmbmwelddd toa lelitad wtructural layer,

i nfrared irans ssion thrqugh th een in

thpetryoiet e e e pemestte hning 4gs 4 et %ﬂlre%&g@f Pegifisredabsorption.

”fgﬁl}ﬁbg&@h gﬂﬁﬂg ﬁ%ﬁ%@é{gt@%ﬁ&%ﬁr{ﬁa})ﬁé a§1?§?1?i§>}@%§%ﬂ% Mour. Typically,

fabeganmile,ahe stiivenralisgts sre 26de ﬁ%&a?blatlopmlwt@ylplmdhh@sheet tube layer

alternative ways in_which the absorption surface 266

1%@5 Bam W@M@HC%POIV%Y]@R%W&h anepaqueddaqk rogign fenfhe absorption
? géé on surface 266 forns part of a region

ex irfig only partially through the thickness of the

edge region. Contrastingly, in the exanple of insert

62 h bsor pti o 266
iAo BE a0 RV A%] A RETR PG HSRAHL PP o e i fgas-sections
B3, I8 o \RBlice AL AR/ ndaE Nk, Qﬁnélpeﬁ‘@ﬁo hoye Eo the top of the pipe

surfaces are infrared absorptive. hi operation,
o it wil nimeeaptprdceapet, howevary butgh@mtallaﬂdnﬂ:mﬂngcmmtrM\Osmcdfnﬂgurable to

that, the abso i on,surface 266 _of the corre ndj n
WBRGP Rl et BEiian & REE dbedpp 88 e RS b Mseding the sheet
tp}&%htﬁn wﬁtﬁgh@gheee‘ed ol saneehpt r ansparent material, to

over | appi ng sean1 Hence, infrared radlatlon
applied to the seam fromw thin the pipe 12, passes

1t gél?pgﬁ)%ﬁagﬂﬁﬁ ?ﬁa?'é% ggéﬁ@%g%éﬁ%%gﬂ?%o%tdeg%ed above is the

cﬁMﬁfcltlaél Rhageasig@sour ogichasccursuit tthe vl Riterface Ofedaniset &f the surface
al l ow the containnent |ayer tobe welded to a helical
wetHpg effee ofj th? ajolten péaste.r The epleyr qhapgs eandre yged to provide means of
o allowinfrared
<&%E§8%h&§ﬂk @ﬁﬁm%@%%ﬁ&gﬁggﬁﬁgm%nd structura
Iayers naybe any sui tabl e absorptive col our.

I th t. . mad .

VBB sl rety et BibaeaesdClb o i Siline rig e

afpﬁ)%ﬁfﬁafé B} tHFRMintR |t1%§h@& VAR With GRE apYrbAinRf] PRAMME:s the nominal
ack redion for the absorption

pipe diameter in length. For a larger diameter pipe, however, the containment 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 folded 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 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 into a pipe 12. The second arrangement 270 is similar to the first
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surface 266. Normally, the seamis provided at the
bott om of the pipe 12, as shown in the cross-sections

wWQa®5/00084%voi d servi ce connecti ons and t he |i keCT/GBR@E/000968

are normally made to the top of the pipe 12. It wll

be appreci ated, however, but the installation

arrangenent 240 is conf|gurable to provide a

Eomeamaneli0, m/ie pratiarsten imcfrendsaumsldf t he pi pe

12, by feeding the sheet through the rig with the

sheet edges at the top. It wll be appreciated that a

The tlﬁé&llaa@uw ama:ag@n@ﬁ Z7Rf ecampisesvel miln@f contdewent beidg material 242

above nctlve han ug whi ¢

B fRpife ety Shp ARl s Formirsiioncss. The wiam

dRhé fd1Gs Sh R fent R;r thd1eniAPhaRBiaPlo@dldrGhe fﬁ%lél%h@h’xﬁference of the host

change can be used to provide neans of verifying that

pibe wiiblsdmedetlimisgrepoude desciibed with refeencdtpphe abxitymment layer.

the size of the access pit required to acconmpdate the

di spensing rig is approximately three tinmes the sheet

"Whecﬁai‘mmg rig Zdreortpdisexpguidd roteed 72, fisbadd ssesnd Hanmvn died74, 276, a
pe dianeter in_|ength. For a |arger dianeter pipe,

1196\)@9& fie 348ea prnfilimeicigie 288+ @diadpwigtionewide 283-de f or

a practically sized access pit. A typical wdth of

ning material, for exanple, is 3.5mfor apipe of Im
%’F@‘& lle Hoie gendrallystimder thi taller perioni2d6 of Suifustragrangement 240.

PGB SRt Bh 246 MR AR Rer e OB hestRerl b fextermally
Aol ﬂle 2B€I:0p 1 PeInDh MoV 8HitdbMd Pr Hﬁ%@gﬁ&ﬁ&& (ﬁ‘lﬁurfg‘i‘ﬁatenal 250 over
alignnent with an exposed end of the pipe. This

thpealler 28hitiashetagese pedrpl et ed wi t hout undesirabl e

def ormation such as kinking or the like. hi figure 13

a second containnent |ayer installation arrangenent is
Bieofiwst fpemetiad Hig 274 i@ T@atet gengreilpbélow, tho paide dcblteg 2&2 _]uSt inside the

cont ai nmsnt | ayer_ of nposite |i and f
qoREsS P4 Ll G3nft &F Comfieyrs sg%ﬁgfmmgahe s wm%ly Tht shept aﬁ%@to 2 flattened

gt‘ge as iNGsRGLRALNs! 29%% ggéf 2]%1@ ﬂr é 4 @boliflod it an angle relative

i rstarrangenent s are gl ven
toefievatica (auseival & ﬁgttre 18)stet ﬂﬁt 1m6pmt[cﬂ1ntge fRgtknedilbe of cross-
conprises a roll_ of containnent |lining material 242

e et Ormed Ryithg diedeging & g Soy reeertical glighdlygpwards the axial
Sk8hio {;Idt grp%r];@ ng section 244. The width of the roll
t 7o

I's su r the lining material to cover the
internal circunference of the host ~

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 to maintain the shape of the flattened 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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pi pe with sonme overlap as previously described with
reference to the containnent |ayer. The formng rig

wQ@2obso208p8 | ses a guide roller 272, first and sePCDG#2005/000968

formation die 274, 276, a rounding die 248, a
profiling tongue 280, and a low friction guide 282.

The guide roller 272 is generally simlar the roller

wrttqnogﬁnzwélmdmc% &y rme@ﬂrcal?géﬁ@ntoum sidgrfifjthe figsialie 274, to a
r I 2[

SRR ERE b At and e B5h ipaC icb AR 3ERIR g 7o

116 in a position suitable for dravvl ng a sheet of

158058 RS Qe PARLini iR e 6t B8 59551 ot gt P 276 into
\gl@leﬁ ik lhﬂné’ﬁﬂa%\ﬂai Reu Qﬁrzﬁﬁa’nl t§ ‘11113 1711% plliéJ ghm'leﬁEJ 91% tffoutput side

access pit and i s configured florm ng

refepstodhd $idé b@eaﬂh dite 23 h6 fIZBﬂ)Whrdld)heahrﬁhgnmEneﬂs ﬂlatm mperation to
1LII strat d in cross-section at 284. The first die 274

€ BBRINi ldned at an angle relative to the vertical (as

shown in figure 13) such that in operation the

flattened tube of crosssection 284 formed by the die

ol R figheg apmémﬁ% hat riboughithe tngue aughiomy frictomeeides 2R9, 282 are
%51'1 %O]\glll LE gtsi Eu&tg %mma %ﬁgi} iﬂ,h tﬁg %?@gs Egd %E n?ar}/ comprise a

i's co |gured I'n su Sarre” man

sefied bidifdrétetor séror-ditdietelgideniorishsQiirang efd| totrbem @ debiegl @rvature.
cross-section 284. The second fornatlon die 276 is

| ocated in the access pit 116, between the first die

Iﬁ%?eﬁﬂgn Hhe fRkdRd hibei2843s M@FhioventLa kdr%ﬁ@ gu1a€ D&0,abda¥ing the tongue
an exposed end of the pi pe 12. Hence,

@p@r%&q withintthe fletéensd duleti 2842 Toe anwmits E8ido a8 1& 101’01%{]!6(11 taaibna suitable

th f th l.atten d t ube | st ryes

ot BRERAPY Rih FiARSrErE PSP DEteld FndomRedpY e hattened un-

s@iu’ﬁ@& Edig%@ o@fhetttﬂlfe y1:0Y for%%ldlﬁg‘ﬁilett&l@ e I2@0 AeMBER N ce, the guides
i pe 12. The al i gnhent he flattened tubé

2238423%&8(81&1? tolxbrec’a%ts ifetterded tubﬁ BPerauriddhe cloye fim the first to the second

rofilj.ng,.tongue qui de 28 and low friction.guide
31 B Btglh aiSus Tair bt s e by
arranged arcuately, and are provided generally

aral l el one another, curving fromaposition generally
jraeine A48 els ﬁ&ifdﬁ‘imeaﬁrallb adjpcentiths srpasedeng pf thg@ipe 12, and is

cohﬁ%ﬁl g'tc? 4thte Bed dt (ﬁl'nié i ggf‘g()a#él%g@éﬁgl? d1£011%6111t0 a lining

I CU 0 an

poktiod dvirldeanaiverl gsiad taﬁulhh@bsdsealdrﬁzsm ak BENetib&d WEh FFérehée to figure
to the side of each die 274, 276 into
12. As described previously, the overlap of the tubular cross-section 252 forms a seam 253,

which in 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 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 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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which the lining material is fed, in operation to |ine
the pipe. Simlarly, the termoutput side refers to
wo b@spddes of each die 274, 276 from whi ch t he PCTIGB05/000968
material is drawn, in operation to Iine the pipe 12.
It will be further appreciated that although the
tongue and | ow friction guides 280, 282 are each shown
ths orgiirhgleet widthuandehengt den enter into drstatively stiiall ageasgpi 116.
280, 282 may conprise a series of discrete or
sem -di screte guide portions arranged to formthe
Wasn rted flettienedt tube 284iis opexted icamectiyhie phisas tlenegh thebeecond die 276

BRI GRABIEAE Y% AeoTIE TR L OHeHaais8 (BErDris o itis drawn
Qﬂﬂ Qe &Hh(? foréﬁﬁ) 1111\3; 04 oéﬁlugﬁg it ¥ ars é&ﬂaﬂgéc?crégbo&gﬁéin 288 before
not S%OMM ) I% In opera I on passes 't hr oug

il lyedhieyinictibe Shlataneinkyl cjdmdﬁeairm@bs@dqm 282 ashieid (ﬂl’aﬁ'n through the
280,. faor holding the tongue guide 280 in place.

ropadipg i 8p %Wl@@ingfs%lp@ﬂ) e o %‘af thepipf ﬁ@&WSéh%albularly formed

T N e T -
tR8fubsiis hreé ﬁ@nﬂhﬁl&ng Zhat ]ihghtrc@uﬂ’@dimgrtﬂhen #8inihSof the pipe.

provided general |y adjacent the exposed end of the
pi pe 12, and is configured to formthe sheet of |ining

ARAKEHBdd wWiaPreféranve th FigMeti NBwh&ab infrifed seith Yefiihd B kddlired, the bulk of

portion having an overlapplng tubul ar cross section
tRseordsinthestinydyanhteual ks qoéfugedein @How mffargura@smgslomlrough the sheet. A
of the.tubula

d b t h
e S R R 5 il oA BB Ty Bt e A grmion shtace 266,
doForR6RBr %ﬁé\g ik4r6d asBitioh NTHRAndHR 860,262 Bhd¥ ‘@&Qﬁ)dsaﬂble alternative
the pipe 1 nce, in operation the tube is initially

wad nmwhrchtth@abgurpdlen swifice 26@ 72y bh oplgmented af dassribedivath reference to
E?%_to forn1th2% | at tubul ar cross-section 284. Thus,

48 1iFsh AT, | ayer sheet 250 passes fromthe

roller 272 to the first die 274 it forns an

i ntermedi at e _cross-section 286 before enterin

%E%@?ddﬁ?ﬂlﬁ@)r bepdiag ppHorseap eskEng t%xe@ggmgwt? S@éthe composite
7 he_ |
1ﬁn% Qtﬁéetd&e r{\l bt %qlﬁl y 41“1'{6 e bf rg@frgcglhfi‘én \}%S é)artlcularly

cur e axXil Irection o

etdh@nttagmgs: evidB Qusaipdihieheopl aticfhatetialo rsucguasdﬁataﬁz pollBtylene, because
flattened tube 284 has a total wi dth approxi mtely

wilan thervaetepipt keirohigishest formadn Wi aetarahngceleped %m it is partially
a relat access, it 11

FRaTeidh S fob BB Eoly R BEES b e i opague o
ihRrBRH Ghhdrh Eols6&a r@p%ﬁa?e?ﬁ for example black using dye, ink or embedded
particles or fibres made from absorbing materials such as carbon. Thus, short wave infrared
radiation, which avoids the peak absorption spectra of many thermoplastics, may be passed
through an infrared transparent sheet in pressure contact with an underlying sheet, the contact

region having opaque material at the interface. Hence, the opaque material is heated and

consequently melted to weld the sheéts together.

Additionally, 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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towards the rounding die 248. As seen in figure 13 the
flattened tube expands as it is drawn fromthe second

WO e00sio934kli e 274, causing it to form an expandedr/GB2005/000968
cross-section 288 before finally achieving the
substantially cylindrical cross-section 252 as it is
drawn through the rounding die 248. A wi nch (not
%iv@nmgeoals, hgcguse itean help athrmoplasticioaieinment lavighiel canfoym to the shape

d sheet .into direc
il i RS sbdelli Sis ok dopfaf pressureis
dppedi s free fron1k|nk|ng that m ght cause distortion
inthe lining of the pipe. As described with reference
to figure 12, where infrared seamwelding is required,
P R L R R A O 1k e 30 5 aperation
deamgivtelidngal sethye302egif an tafulirh eortaintnanin ieet ]lSayxe]nlst substantially
sheet conprises an absorption surface 266, col oured
SRR Wglding ths cerfaingicst yerdR to afiaiciysal dinig 1odeformgromposite
ﬁﬁ %/ § wo possi bl e alternative ways in which the

sorption surface 266 nay be inplenmented as descri bed
with reference to the first arrangenent 240. A

e T e R AR 30 eOhpRTRTE: (thaerdigho the i
dnfddanest. rtasiialel HPrecii®l, UsEeRlr, thaf thawRIih@Hi&003Ray B used in the

particul arly advantageous when’ usi ng t hernopl asti ¢
avastendtiahof suchmasr lmang iedluding gennsite hmngb&iad:@e I\Qﬂ,elrﬁ)e according

t rmterl het form ts nat

e pantbdRidafatt i Bef BRBoarrR Finbediosh tt Felging fie will be
HRYEoddRf ififcdedRdb iR wEﬂYi%Va%ﬁ asdolRitdBERNIR] 1B WilR¥D Eppreciated,
made opaque to infrared when col oured appropriately,

Hogrever dimgb loghe farmks, oflmindipgdare possitke osing aiseddadig, for example, using
articles or hres made from absorbing material s such

‘gga%ﬁP Bﬁehﬁﬂﬁtﬂoghort wave infrared radiation, which

avoi ds the peak absorption spectra of nany

t her nopl ast.i cs, maybe_ passed through an jnfrare
ltxsr‘aqﬁgffépémﬁgﬂétﬁéétthp We&ff 1385 g P B0 eIRpIAEE nglﬁﬁhleld portion 304, a set

olﬁl cﬁﬁl \¥ Q% FPes Eean% d?rg@cﬁ'ﬁérh %@Q a.?{q a Bg%alﬂg 8? %ge?{é\%eld ng portions

erla at  the i
31$), heat ed and consequently nelted to weld the shets
together. Additionally, infrared radiation warnms up
and softens infrared transparent thernoplastic

The shield portion 304 is provided at the front of the rig, 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 number of

seals may be used.

The radial wheels 306 are configured on the outer perimeter of the rig 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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material, because the material still absorbs sonme of
the infrared energy. In operation, this
w0 smdognstsmgeous, because it can hel p a ther nopPEEGBL005/000968
contai nnment |ayer to conformto the shape of any
deformtl es in an outer-lying structural layer and/or
i pe, when appropriate pressure is applied. hi figures
@rmum@edabwycﬁuﬁ@ble mganss ferrawmptre he e &1 (Robtho3m) locTied in a sealed

S0P T 3R s SERe B TER fgapefba e sam =02

subst antially sinultaneously wel ding the contai nnent

et a0 et § o st Pt I BeTRRR e dovic
lhﬁi s g?&sﬁrﬁze@ &g@ﬁom&l@e ! g g@a&o%a RS chm@' e t&r bA§ed out at a

first enbodinent. It wl ppreéiate
prbddtertriinedverte] itherelrsi © cﬁﬁh(ﬁrolr&m \kmaocugeﬂ therig tong the pipe 12 under the
construction of any simlar lining, including
mﬁ?ﬁﬁsqr?aée‘fmm’?ﬁe HSINg@eansiod, 10e, according to the
second, third, fourth, and fift h enbodi nent s.

Furtherm)re the wel ding ri g wll be described with
Tf@f%l‘rfefﬁ%?@fﬁtbﬁhmﬁ]fth%ﬁléaOQ\%F@@%@thfﬂ@e theroutaieent fayar 1§; erd structural

%%elém 14 1(? %%ae}ﬁﬁ C‘ altgF g%rlfaﬁgmg tgef H?ﬁttg)ﬁ%q, ‘if% hﬁy%pglggg%ﬁlsgre that the

dd)SﬂeE}Q)ﬂdirIgl’ @slqu@ogu@ﬂac@ £6 kemfin %ké%@ure%ntﬁ@t%urﬁ@%l&iﬁiﬁ and that any
figure 14, the welding rig 300 conprises an airtight

dsipdion qcfélaq Jigng dodng Welﬂertg sl subgtiquént whelanssis 30gstandialy seduced.

wel ding portion 308, and a plurality of sheet wel ding
portions 310. The shield portion 304 is provided at
Thessemongldiof ahéh ehaei gfeldti@ artives 308, 8 f@eazthrcemp'rismatdéast one infrared

nov ng, ' X e ri om one, end

9P B Alar BN O AL ot SSBoLee Pisld et e PerdRment layer
|2, 850218, 1%¢) & i

SThe s? hi elcg&%tgrt ?%%ﬁ%loé& = é'onprﬁstgg ﬁgfg&ﬂggé St}%ﬁgalsl%%ilr?gn will be
appmciaBdPtheiothe N@ﬂth&gi of thepootaintieenainyar 18, itglite strmadural layer 16 may be
bet ween. the shield 304 and the containnment. |ayer

tnanl mk?@yaw&b aeey qrﬁéemalﬁy%@tﬁowmw oA opps inintermittent
ec‘ld%? ﬁ’(e utﬁ‘ﬁg)era-{laﬁ tﬁ@@'e ?1%16% aflgl &e%foc%%i rte%wn are cooled

Igure out er peri er e ri
lﬁzl dll@Wlﬁ@ 8ir BIZQ] td bleed over the Wcld 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 lining 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
containment 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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traverse the pipe 12 in a | ongitudinal direction.
Hence, in operation air pressure applied behind the

WO @s/098kdat i ve to the direction of travel 'X ,PCT/EB2@S/000968

a pressurised region, which causes the rig 300 to nove
on the wheels 306 in the direction 'X . In operation,

t he pi pe maybe pressurlsedmhy any suitable nmeans, for
diaipteafachheteenihe (aysrs oo Hevemireaperation, the abssiptémapriace 328

R S F FLBal) B S  om
KAy eld itlfe vFRPhiBg Bdrs 2uaddd BHnLahbMe: 4thke interface.

device into the pressurrséd region. Hence, in
oper ati on, the cable may be played out at a

"ﬂ?}quﬁ & ?I%téfﬁiedt\ﬁﬁf ae&ﬁrngg’a;fftﬁtwﬁﬁéh hBGel cg‘ﬂfdrttléﬁg 3Dhs, 310 are

ig a pi pe 12 un e pressure
doymeded. The %SMH@SZIQS araiped fofiengiudinal slisuient b’ﬁhlamdnitah @xis of the
rig 300 alsq acts . to force the containnent |ayer

iRl pyclicingin Ppeiglen the pelding pegianh3QS, SAR aferA abé@liefaékyé to the rig
éHO Mhethg ﬁ%l 1@' 4% fllgxe ce-:l;mﬁ ?ﬁg lT@ﬁls e 1%%1'[‘6551 rpolgﬁltontolfﬁle seam welding

cof respondi ng’ wel ing surfaces are pressu
SR80S My bmtmht@hang adjagdd,tihaperation, dj aﬂlowl”ttdmu@\ﬁ/ tHel¥€am, along
lining during wel ding and subsequent coollnq
the pcAISINE aﬂ@@heregectmﬁpé SRSAFR 4 apPFRPriAfclsHaspechanical control
gg%gfng portions 308, 310 each conprise at |east one

rar ed | anp 316, 318, directed radially outwardly,
for respective meldlng of the contai nnment | ayer seam

02 d f th to th derl
e greiing hgionos & SR Bt hah Putitit PR Hhe 8 330 and
edadil 13 a@fitfoRSl stiaHoAMTBOshb@ME Thd §an 330 dhBeheSdrTedl 44aPs arranged

| ayer 16 nmay be conpleted in any suitable pattern, for
textaimp k docadisedaseeonwelduegisn, wineh welydegressgriged independently by the fan

jnt itt t t | th t th
10 et et BE. oG Ho St D oug ST Suieds Bisarepfthe seam
0 Rl ONER8d hd 21329 nle@nPdRLd1iRY 8 1ﬁﬁ‘§re&"@feﬁwﬁféra§ﬁ%%§d surfaces. As

and t hrough the wel ding portions 308, 0, and ot her

bresigsene irh@ggre fl 6, thislcosutqsradstionr @nﬂcdbsetwéert tihe osdm’la@p[hg layers 324, 326,
i ]|l be appreciated that aIIhou h figu a

fﬁ”%l@ﬂ el\wé}gda%aﬂﬁaﬂb}lwpﬁ ng e cma@afr@‘é qyekhg 16

show two, there may be any suitable nunber of wel ding

-gortlons 310. Typically, for exanple, there will be 4
lerngivehi arseqhetl anemeprpes tiob ﬁﬂ%onaéﬁéWd?%@ﬁQﬂﬂo‘teﬁ dhe edges of the seam

vly gﬁﬁ r?t% o&a%d6:}|8 reg Jﬁ?dc},l %%gpyefséjl{rﬁ lth%%ggm[g%lvgr &4t 926 as the rig
300 travels along the seam. Any such membrane would need to be both 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 indicated by distinctive colour change

of the welded area. On completion of the lining process, purpose made couplings are
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conposite lining 10. Referring, in particular, to

figures 15 and 16, the seam 302 conprises internal and
w@a0s09mi8 over | appi ng | ayers 324, 326, forned PCDGBRIVE/000968

| ongi t udi nal edge regions of the tubular contai nment

| ayer 18, as generally described previously. The

innernost | ayer 324 is infrared transparent, whil st

doheeated @rfmjgm welded tathp emds dfhyedimigp@dibglingd sa¢issrpyedsore tested and

328 cate t he |nI rface.between the | ayers
lgﬁteg‘g‘g@ aCIQI8 806 ‘fvﬁlai}gequ{qpm r?ﬁ@até%or ption surface
328 absorbs the infrared radiation directed through

the innernost | ayer 324 of the seam 302 to heat, nelt
TnAtguiiel Han pléeraripie ssppivTRiding pertiongior theawelding rigys ‘shown generally at

%pg@ﬁegge aﬁlt «%lﬁlﬁglpgfetg)ﬁlfﬁﬁ ?%%%@1?(1)19 V\%{ g’agg)t 1#}@ wfel‘qh]éé}%rtmn 308 described

Wit tf@Bsced0 Bgurdd 04 &y 6. Elene ittwall noflierlcbaitictd agaid i.h?ddtﬁl other than to
arranged for |ongitudinal alignment with a centra
lﬁgmyﬁgﬂﬂﬁﬁ@mﬁipe 12 such that in operation the welding
portions 308, 310 are rotatable relative to the rig

300, and the pipe 12, about the central axis. Thus,
Th@@earotvwﬂdmgmmpn%@ panprifes ahmfigessishiedd %Mgcqj@i dtween the infrared

00 R e B 0t PR i ion s ot

ARG BN G the inRh&Flaliafiah, if B8R 5SlitANShe RIFBRI th@hon into two distinct
el ectromechani cal control systems. The seam wel di ng

tpemsi an r¢Hdsi ddnge,t e oppration,dée sdanh vealdiogt dpsradlon results in two
an 330 and, at, | east one i onal

@F%‘?ﬁtﬁ@ bvihel ARy 1SS PAE ParedBr s CanGr delgapined by the

V\'v;’ﬁ i tﬁe ﬁﬁél@nﬂﬁlg thOrdofInM 4R HeRbth 'tl?e’%%raﬁl%ﬁ%lﬁ@k% foRal Qﬁlbstantlally
be pressurised |ndependent y by the fan

dﬂe}msed comluﬂ,dmrdd:red) hy titehevedappifiglay&3 024, 320i aid she welds 346
addi tional pressure to the area of the seam 302 being
wel ded and al so a neans of cooling the infrared

IelopsRiibs, tAsrefovs lith @ulhias4Smapbe hesitin a eerificatioh it foe sézﬁn integrity,
this creates a better contact between the overl] appin
byayessurigng thegopduitfifsitn gssish & debeeHn g arasepcs peleaks wwhere along the

ving the quality of the weld. Alternatively,

iéﬁi :ngﬁgﬁ%g%ne (not shown) could be fitted over the
edges of the seam wel di ng portion 306 to exert

ressure.on 324, .326 a

ddit | th
{6 e o BB 2 PO e EHEH o e B Eoand liquid
Attt AR e fke bty RE tROfifink FAASRAIER bn s 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 conduit is
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 a leak confirms that

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

In figure 18 a section of an alternative configuration of an infrared double welded seam is
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infrared, and heat resistant to prevent danmage ari sing
fromthe heat of the weld. For exanple, the nenbrane

w@oubaodses made of transparent pol yester or ot hBCT/€B2G05/000968

suitable material. It will be appreciated that w thout
| ocal pressurisation the seam surfaces may, in sone
i nst ances, Is%prmke a line contact rather than a full

%@mnagqne@@éwé hellgi dnubleoweldnd seasm Bd Overscram wldedrgenerally in the

1&121%1 Wﬁ %ca@%% Qvg § ggel efn'ca tQ ﬁgl}rgflqbgowge& %F Hgﬁé 8¥?r pmg layer 324 is

faBBer ﬁfbmdeﬂ%ﬂﬁ aWededl$ 387, xtendir fg%ﬁ%]@ﬂnﬂfysthé el Lo h of the seam.
col our change of the wel ‘ded ar ea letion o

Hﬁlmenghmfbe sensn Weldingnpsratindés copéted e 1eauﬁu@madmeas4iuas alarger
ded f.the | dth d
RO L b e SoRiHA detetbet edlrofrPonis B dde

with the appropriate regulations. In figure 17 an
m wel di n n, for the welding rig

| ternative s orti
f%’lﬂﬁ%ﬁﬁ?fﬁ%ﬂ J %aWPé%ws% SitHE w&m%na}sw@ewﬁwﬁ -scotional area
%‘elg% éfnlﬁ%lgzg E@ﬁcﬁ# 3 ée %ﬁeej g{gze If(% t%%‘gelﬁ#@éﬁélgﬁstp%é tjoafe]stﬁggn arising from
ljota/hsbdihexa:tbgchﬁangmdxadg.agal n in detail other thanto

hi ghl i.ght differences. The seam wel di ng portion 340
conprises an infrared shield 342 | ocated between the

Tt will B¢ gsprécrared tuachithoegisRaateddechniues &b dedceibsdh defail, other suitable
configured to protect a central portion 344 of the
mefhadsopsaqapung thesontammentlayeratndder mdingihe¢dnapasite pipe components

i the | frared radiation into two distinct
té% eta}létﬂgrarepossrh ‘Hence, in operation, the seam

wel di ng operation results in two substantlally

araIIeI uous | ds 34 apart b
R Bt an il e VRS Co Drrsar Toghpigue may be
erh SHLPsiRE & b.ﬁlt kB8 pRRT BdveRl 450!
lgllg)bst ant i aSl é gncl igﬁagd conggfét gorﬁgg’-ﬁgyatﬁeﬁa{rﬁe&mw with
mfﬂmﬂcaptpﬁggelléympart@ﬁm 326 and the wel ds 346. hi
operation, therefore, the conduit 348 may be used in a
verification test for seamintegrity, by pressurising

A bgpichniitisbuddBe tfor agsié, is ftteteivira tulthgohio avdddiag esutewaich radiate
| eaks. anywhere al ona the full length of the seam This
1

Higgoaiseribi lanqo@ptlglt eameylab@wl@m@@d@ser S8thte gflqldatﬂlp g¢am 302, and
tfb%g@ﬁ %gleétre]c? re%‘?(%les (glléél %gﬁg%féﬁﬁgg ({] 18&(9 M%g{lggg helically

WA stﬂﬁ&ﬁlral layer 16. For successful ultrasonic weldmg, 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 containment 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

layers.

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

common method of bonding fittings to thermoplastic pipes and the like. Electrofusion
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verification test may, for exanple, be carried out
during acceptance tests of the conpleted lining. The

wha®soosest i ng procedure invol ves substanti al | BCHE&RI08H00968

the conduit 348 at both ends of the newly |ined
section. Air flow, along the passage is subsequently
checked before the conduit is pressurised using any

igypkvapresisifueln beatmﬁwlr@med@qdeaé tﬂ@dn@rf@ccgleqﬁwcm fiwp welding surfaces,

ative [ m W t h | e of th
o P ool P Sl sy 88 Wi, e et tusion
$8tehsWed fepire lcﬁbaieﬁfhfl aelsaFficed RfibdsHaed Hﬂﬁlgsrﬁﬁﬁﬁfh&ure The surfaces
verified as sound. hi figure 18 a section of

aaﬁ sespauanily beaght @gctatm o thé wires heatadarsing adlmclﬂé@rdmedddmﬂrent for a
350. Th m
SRR R0 RO o e B S S0EE S BER met and

1%élﬁnfc§ﬁ§5&ﬂﬁ%g&tﬁerflgUfe 17. However, the inner
over|l apping |layer 324 is further provided with a

recess 352, extending longitudinally the full length
r . .

SipliEpE 5P chBAES) SAETUAAE SRRSO PRRERL ek Sesrves

invalsss aweddidmgaliraneapprdyaiatd Iﬂa:es rthieitdntaddkBerd 8y e manufacture.

th reference to figure 17. It _ will_ be appreciated
g“%?qqeﬁt AR AT s A TABFoddn BT g 49 poBomeche 2 host pipe
f L [

gérgl?g& ég@ﬂt Iét}lig)rﬁ?l : %%?)I‘feosglﬁt@ égs n g&r&dt f&rgé ﬁ}% th?e onto the inner
sarﬂase of) tHer amctuoddbjadinpeat infigtatile 1uhgla1/\lbldddél90r ihe liMe| | Blectrical
be appreci ated that although infrared techniques are
@esestiopeeremmnda & aipesedside Pt the pherdded weken aebthe dpsion welding process

elies ondi ng the

%@ﬂ%%ﬁ? @aﬁyggﬂ%%%pong%lkgyﬁmﬂﬁgggﬁg? % are possible
One such net hod, for exanpl e, uses ultrasound. The

T T T
wepghickead wéiih H@&fl&fe? NGe 1ﬁﬁ1uffécglﬁ{r% Prdctl BRI CaHt r1]1'nef%l: layer is

typical ultrasound rig, for exanple, is fitted w
ngcessaslymiare mhmeng)epwes;)f thiwi rottunreanhnafoe hedtingazﬂmmtc be carefully pre-

ns t hou |nt over| ap | ayer 324
111%%@118 herage %‘4?6*1?5?# é?t@’g’cé’ ditig8f-ons of
t he contai nnent | ayer 18 to weld it to the underlying

hel i cal |
In figure 19 aysection of an electrofusion double welded seam is shown generally at 360. The

internal overlapping 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 seam welding the sheet tube and sealing the
resulting 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 been successful,

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 lining 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

35



10

15

20

25

wound structural |ayer 16. For successful ultrasonic
wel ding, the liner materials are preferably

w0 b@sopsikasti c, so that the ul trasonic vi bratiPCEGB2005/000968

i nduce a thermal rise at the bonding interface which

heats, nelts and welds the appropriate conponent

parts. In sone applications ultrasound bonding is

40gs Tle tappimg 40Oisshowd int wﬁmnqlmlpm tlivqripareing hned Wlth a composite

G o e GRS o b bR LB e P eyof Tpat the tapping
s '@ﬁﬁtlér‘%ﬁr‘ntfﬁ)? pRo! R5@hs ¥nP&RRG sﬁlﬁﬁlﬁe ﬁﬁﬁ.g%ﬁclﬁ&iﬁg a composite lining as

infrared radi atiron. However, the ul ound neth
descyibedefor thetiegdrel; tlprdesf@uﬁleorcﬁﬁth anbodiatensefih¢ tapplng 400 is generaily
cont ai nment and strugttural | ayers. othF met hod of
ﬂ@ﬁ Wgcoﬂlﬁé"t’(f’éirf%%]ilgs Ob p?}gfeg‘g% ﬁ%q:ﬁegtqr% oa}gonnectlng to water or gas
f nmet hod of bondi ng
B ML Ay ML e SoriBTIRE 1 The 1 ke,
El ect rof usi oni nvol ves resistively heating wres

ﬁ{glt}%%gg)gﬂﬁ%l 4t05 %oﬁnpﬁggsfa%gﬁergﬂ 31‘31? té {18 l%%ogdﬁgconﬁlgurefi for insertion

rrc cur
thivugH mutthnﬁenapéraue PrvEEd @naé pﬁie qcz; mf 8 s@BwhHpSh®Rd through the
the wires are |located in the surfaces to be bonded

mﬁr @ﬂ@e penpesietiong. 10¢,Hher§w @@é@\éd%\ﬂ@dgmwwaﬁ&or {rom the pipe. The

é?lﬁiﬁ%ﬂ%ﬂ ngI s ar), egparéde rﬁﬁ; \é/asg}eté or corlllgd%{nlcﬂ,én operation, may be

Iﬁ@hécptﬂlo@%ﬁd lﬁilﬁQIOat Q) 18RAEIHE tapPitg a gﬁiﬁsﬂ an i dedface of the composite
surfaces melt and mechani cal |y bond together.
Inpng i@ati on of electrofusion to the lining of pipes
with the conposite |inings described, involves
enbeddi ng wires at appropriate places in the
Tenixdng pmmik)n Kag eompltises hgy sratableantaus éor tighily eepueng the, tapping 400 in

he, cont ai nment. | ayer. .is arranged in tuhular forma

tBRIPE PBH & PFSYI4AS S HUldh lawela%eaggweﬁlamtb R .C%tammenﬂayer around

LB 25l DRSS L 08 o
th&laﬂ@i aito ianhhi@bidpéeraping Whenddd maider obihe bbéy H@Z(ﬁnotrudlng extemally

El ectrical connections are nmade . to exposed ends of th

e e+ Blae 11 40p krethenydn gRerqiion itighteppdbrsadnst temipele “clamp the
f |
R BRSBTS B DRy DR ling a0

pladtepeapeende Dfubbiagtidlly fﬁifdlﬁq&n@feaﬁl@@als heqieraiod, 4 Gistéfiey connection
quick to wel d. However, the manufacturing process for
mpethed he aadadnthel fHies 4¢(§usmg 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 liquid to 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 connectors to seal to the lining within the host pipe. This
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necessarily nore conpl ex, because of the requirenent
for heating wires to be carefully preinstalled in the

wa ka4t the sheet material sheet in factorBCT/GB2005/000968
conditions. hi figure 19 a section of an el ectrofusion
doubl e wel ded seamis shown generally at 360. The
internal overlapping |ayer 324 has a recess 352
tppeoad] eaewdammg‘uf ogmlmi is praiigvdarlyl seied th n@&%ﬂ’é’ﬂ@l cpynections to the
descr.i b ence to fi

Sgyoste Bt kbalbRa e SortiBe s oG b ROPERE Thadtud % top of the

198Zpipé Rlis ﬁl%Péi@tM@ﬁﬁt Py bih6ld sheehmicre hBst (98a! THcdn R achieved at
resul ti ng conduit 354 As described previously, after
inghlthtiog bycasking the seapmistlpentesi atfilacleottsin ofidie hstaxipeal

overl apping | ayer 324 are indicative that the wel ding
process has been successful, provided the thickness of

Ihdtell givaet thesmbplastic) sudras @blyeﬂmylehe gumy@s%&; namaly vircied out between
connectign for connectlnﬁﬁ ust onrer es to a sup

357558 [PtA Ve, ERPrivs e oS 6 M50st Bipe; v ey Rl QIO 2ot instaltation
ADEET %tf{e}‘ c@xﬁi #80n o?ﬁ%nﬁ%@@t‘fcﬁ)ﬂ @Q eﬁ@sooﬁﬂgﬂ&%(gﬁﬁsg Qections have to be

connect i on pplng avi portion

rejefrgidrin tg qeodsk ipan TﬂiMeqlarHsl ead f:wmantgorm@di be oadodfm tha'hﬁings to enable
tapping 400 is shown in positign_ on a i pe 12, the pip

SB@Wt hgetiqng e thlag d%l?Pp@sli’ft wstallpd.ndp @acaa% &b P@W@ﬁ?r& Pfor normal

tﬁ}}l el ; enlatﬂ és arg% hedt ol W&éﬁrto the pipe
t at -t he %ap | g ha

sim uti |ty or pipes havi

laye eddser Teis fugdohgointing n@thdalclls paitivglaglycsuitpd $ort the Icmmeagon of the
as described for the second, third, fourth or fifth

commoaitaiinings devprebeadaloptandardpolycthyisas ermsimspris; Thelfagion process welds
tﬁé) ﬁn Cettlocfﬂe [131%%3{1 algo?{;veﬁgm/elaéérg B?Jthe &89‘1@%% rteolrn’?’mé 9orgether thereby

g@ﬂhg ﬁtftﬂw ﬁﬁ&tﬂrhﬁbﬁﬂﬁa@ém ﬂohﬁe hinklg The body portion 402
conprises a generally elongate tubul ar conduit

configured for insertion through a suitable aperture,

R QYirdes i Eﬁ‘@ BhR& bR sydlfh 0L QWhasLy 2t QLS@mThe connection
through the wall of the conposite |imng 10a, thereby

arnengemaitde0 hllowslsegtiowss lined pipd £dher fio bfmcnmectpcil ene Thather, or to be

retainjng p n 404 ri ses an expandi ng washer or
ceBpRete i%?ﬁniﬁmgﬁgpg?Pgﬁg?ﬁﬁy be pushed through the

lining 10a, to retain the tapping agai nst an inside
surface of the conposite lining 10. The fixing portio

Thgeoreashion geangeriensHiGia sﬁr@r%amﬂar&th@ PR %sglélze@rfm@nvenﬂonal
poll]ﬁhén%%%&gTﬁg erér%ement 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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the pipe and for providing a fluid inperneabl e seal,
with the inner containnment |ayer, around the tapping.

waysoasks/, for exanple, the fixing portion coP@F/GB2®s5/000968

anut, which in operation is threaded onto a nutually
engagi ng threaded portion of the body 402 protruding
externally fromthe pipe 12. The nut 406 is then, in

Bire Hangedportignyin % dwdhes gampsises mplusalii of §ok hales 45K arranged evenly
' bet.vwee 4 h i ni:n ortion_ ..

B RELNS L%, BB B AR Gfhpains ongeor

fiother tiped@pipokedtdntor ah ilihdddeBtioPBIFEGIBE e seal |

operation, a custoner connection nmay then be nade to

the fitting 400 using any suitable valve. Connection

1 SRR 08 RESatbd Blot Fhd YridnirhPGufiied OF & dife MR Linpare with

not in use or when working under pressure.” Connectlon

ttandatrbtheimpeplagticgupesrcfl siyilaradal! tticknkss andpthe flexib&pdgsiznt using basic

rovi de eas cess. and to avoid any liquid (in the
]§§§@a%ﬁm5§é%ﬂggggﬁ%ng§6ﬁﬂge BHCEAPIRSSt s, whi ch may
accunul ate at the bottom of the pipe. Service

connectjons to. supply gas or |iquid to users have to. )
iy egraplsnsrec dipng shast Bat compagite pokethylene linsg comppipsing spiral strip and
i i )
SESNEEHER SLE LAy TP RAGHLQ R sivaent st
padyathylenecsipaedthahs sdme #@Hthitlnesh eThe anbedimichfdiof thid@mposite liner
host_ pi pe. Thist¥pe of  expanding ferrul e connector_is
1

eapriicghsrm be ysed e Hagmediupg largrpndaen large dinmrierpinessofp to at least 96

. o ' [l ' ' servi.ce

e TR AL ekl PR ARSI ST B IR B and . They may
12 ipstalléd inSlepstes BstabtadcBatpitshpiced\pitd 1508 2eaM Olosk e linings for
sheet tube., This can be achieved at installation by )
wrighlei pipe disenckaanan be laghigveantd berde niggetiased ofent Wherh dlsg radius of

ipe. lLnstallatio f ther | asti.c, such, as . } .
BoPGueniRiBe Sl S SRR EnsHy o eerstion provides
MBS MmeB} Versatiiepife ﬁﬁﬁ’l@_tsyﬁ@Iﬁtvlfiﬂf‘_ﬁls@flaﬁdiﬁad%ﬁﬁ%&' 4B8 WiAMEonly uses

been cut out to allowinstallation access. After
relatiptlytowirosifbasic maténieds.sect i on the ends of the |ined

pi pe sections have to be rejoined in the access pit.

This requires end connections to be nade to the

Thenvarggility of Hiabt@mpsdsite tstrsetmtd alivsvoft todrenediforegd piifhealte@native or
be.installed. In the case_of connections for nornal

%}t&p@@}&gh@ ayqrﬁwﬂbgd’ WB]@ Pibéf mpicsials spflh@%g.gh qu@rmance plastic, fibre
1 S . =1 - .
SRR KRR 010 LR PURSS5 i sic
thiteriglornatsits compdsite Nings to be designed to a 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 thermoplastic 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 underlying spiral wound layer as

previously described.
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conposite linings described, to standard pol yet hyl ene
pi pe inserts. The fusion process welds the flange to

wo b@slodasieg, and al so wel ds the | ayers of the PORE83005600968
l'ining together thereby giving a fully structural
termnation to the lining. hi figure 21, an end
connection systemis shown generally at 450.

. . or al The |
2 aleagtivhtodhe swedwehhelicgblagems dine et sheridergthy effhigk walled pipe
[ [ e ne another,.or to he.. .
LR B RO o AR R Blepi? ot eVt rig tha
winnegt them t8 prAiBebitathilylcont@Ridas drialSiridtha lidiag! MBe sections
syst em descri bed for conventional polythene pipes. The
ey Hisgdecivndadp deipnishes lmneiorgivar coinpegiedtgoiurs with a pressure
2 of .greater. external dianeter than that of the pipe
rﬁﬁlg g%udg%gﬁitﬁtggpﬁaér PH%net er equi valent to that of the
conposite lining hi operation the flanged portion 452
is aligned. generally coaxi.ally with._, xposed end.o
I R GG R RS2 AP LR a0 oY gDty when the
RRAGHNEs RFRERS SurBitedauidtbdCpiab M Iy i i
Dur ?fr)}lg %hg fi%i ng opgr atli on C{)}%}é eng&égfﬂn?%%& Q%Kggglﬁ%glcontmuous
dointrchey enamvibd logh piessuid. dltgpecodfp@sitslidarx@aposed ppovidectolution, which
fromt end of the host pipe .12, as seen in figure. 2
Sll?st%ﬂﬂg v g ERes iy B@O'%@?na & e—&walgﬁﬁ%ﬁw&a Prosfuce gdplively smooth
ng- 0 t.f I L D .
L s RA O bro Bltne BB SlmfoR o AT LAAVES coptinment
leser HI'lot Hedicaltyow oaldestractiurd] Eayerst inpatticnbd, grovidelthis smoothing property in
i nper neabl e connection. The, fl anged J?ort_i on 452,
oG 1%@&6%%6@%@63?{9@%% ye%lfre%e theldipimegs 454
arranged evenly around its circunference, for allow ng
it to be interconnected with a corresponding flange of

Ia ot ther anprereated ihise albeugharipelinea nraifiorenetilyseeaiedprost to lining the

B Bcs s B PRLS B b Bl bR iuaiy ot
wdlaarkngh, tihefdHdl Afhbdt oPWRRSo Pfotsdt d AdanWiBdss of the €hiM8SBnent layer
and the flexible design using basic materials | ends

shegehdtenial duting thiennstialladipn pracgss. dinsemetthed sitpwsap thorontainment layer

l cul at i t hat j t I hyl :
RGP AR i B0l e R i GRS g LK RSty i
WaBSiBE c8n §RDBO LY cONink tRe SiaMREHLEMR kRS Sndtidastdi thsertion into
equi val ent standard pol yet hyl ene pipe with the sane

thehdst pipiec Khe wsappiigen sntizcubsegneslyotmbhel worgibs pressukisatewelding rig

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
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 unlikely that 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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descri bed can be used to |ine nedium |arge and very

| arge di aneter pipes, of up to at |east 96 inches,
wawdok/ogmis t hi ckness matching SDRI 1t o SDR26 PCT/GB2005/000968

speci fications and above. They may be installed in

| engt hs between access pits spaced up to 1500m apart.

Close fit linings for variable pipe dianmeters can be

Weldingved and bends negotiated even where the radius of

curvature is relatively small, for exanple, 20 pipe

di anmeters. Hence, the invention provides an extrenely

Ve seelding prpgess Ithay afewgivaynbsi cdiripdsiualusing ersubstantially infrared

advant ages and whi.ch. only.uses rel atively | ow cost

B are ey fited atmalatdse gt P g raafd tlasegiorliner components

SEHOES BeMdi@Gall bf thehd8 piRl WHRESk Wbk RiRdveR WAL iMBared lamps,

or additional helical |ayers wound w th other

whickradits sburt ivams irtfragdil energydhonshdbe phsof the biadereand the thin inner

reinforced thermopl astic, filanment woven braid or

BB Tyt SRR v R R ST BN S Sk L AT B sclected areas

SNABLERBRREROBY G0 hhP litislyl shecHRFhgRed to a nmuch

hi gher specification than”standard pi'pes or nor nal

pipe linings. An alternative to the seaned contai nnent

Ry ol :

U e bRiRa B e Tpisp 1t Bk B b LR brgadly to cover any

doaidnig fér beadng Aoid. t o subsequent| ybond this to the

underlying structural layer in the sane manner as the

seaned tube. This thin walled tube could be supplied

inlay flat formon a roll, inserted in a folded form

expanded to fit the Iining by the pressurised wel ding

rig and then wel ded to the underlying spiral wound

| ayer as previously described. Aa alternative to the

structural helical layers is to insert short |engths

of thick walled pipe section in various fol ded forns

to enable themto pass down the pipe on a travelling

rig that will insert themto provide a substantially

continuous internal structural |ining. The sections

may then be bonded to the thin sheet lining to give a

conposite structure with a pressure rating equival ent

to standard pipes. hi a pipeline wthmany

irregularities it is particularly difficult to seam

wel d reliabl ywhen the overl appi ng wel di ng surfaces are

di storted prior to welding and may not be in

conti nuous
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contact even under high pressure. The conposite liners
proposed provide a solution, which substantially
WOoraosgeses thi s problem by pre-lining the pi peP€DGB2005/000968
produce a relatively snmooth underlying surface, whil st
al so providing structural support to the thin walled
contai nnent |ayer. The helically wound structural
C'?:Yﬁﬁ?' in particular, provide this snoothing property
I'nconbi nation with the structural properties required
of the lining. It will be appreciated that although
i peAicompositedirtidfon ughipe/comh@iigd prior to lining the
wel di ng surfaces of the contai nment |ayer have to be
kept clean to guarantee the quality of the wel ded
sean stiieirel 18yee fér proviaRig stlicthbll Snib@itpy Midect the
cl eanli ness of the contai nnent |ayer sheet nateri al
during the installation process. One nmethod is to wap
the LoptaAhnERNye: 2Grotidhe Mid InpRstnifint i | m before
the tube is drawn into the host pi pe. Advantageously,
this wapping can al so be used to confine the dianeter
of tVOl‘?erﬁiH,btﬁe Eﬁu&ﬁ%p%ger%ﬁip?fsgé P&kt dq%@tﬁﬂﬁinﬁ%em%ﬁﬁl arranged to
pi pe. The wrappl ng nhy be subsequently renoved using
t he fprieasubstaed]lwebatimgus ligindesithin Bed pipd.h ref erence
to figure 14, either by bursting the wapping using
air pressure, or alternatively by cutting it using a
B pecA abinpedicatni@Cdytiiined iHesleRn 1 Wherdine cbBtamin ABS el @mprises at
expand into contact with the pipe wall. An alternative
met Heast fope sselinreef ilingng matepiak eirapgsidnty Soany substemsiabynepntinuous
a pr.ot ect |aﬁg tijI m fcr 0SS, t he.internal and external
edgdTPSHRGARLe WRHALIRE REsAid PiPEhe  prior to
insertion into the host pipe. This nethod conpletely
Pr otects the 1;wte.am wel di na surfaces becgus_e the film

cante PEPPSIeIHAE A8 CRIFEA g 1GRimwE 108 i FF e 435 cpftainment layer is
Pr ackhffed dAk 1yARiRlih Gl lafyed ikl i
D S AR B8y e e LB g b
sur ftaaekeast lag@ntjorbeftalisteralh eurgdce o€ thersaluctuel &1ysr.pr ovi de

a protective barrier inside the host pipe, and

therefore a clean environment forwelding. The wel ding

fpr OQE%Sm@SBMteaﬁl_ﬁiﬁg natdlauelel RQIARA T ioed RHéreldS tYcdhtainment layer is
substantially infrared transparent pressurised air

bl addevidedgrinepntiigallis@dsidothespueitral eetonposite |iner
conmponents tightly onto the inside wall of the host

pi pe. Welding is then achieved using infrared | anps,

5 A composite layer as claimed in any preceding claim wherein, the structural layer

comprises a 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.

6 A composite lining as claimed in any preceding claim wherein the structural layer is a
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.
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whi ch radi ate short wave infrared energy though the
wal I s of the bl adder and the thin imer containnment

wo 20081090888 seam wel d the overl appi ng seam and, PCT/GB2005/000968
required, to bond sel ected areas of the contai nnent
| ayer to any underlying structural layer. It will be
appreciated that the termpipe is intended to be
‘tonsd comgofitedadihyast @aigwd én clamy 6 clonfilther stimctulod dayiengomprises a strip

];Lﬁir}?qligg | %3&%?} %ﬁjg ih&rglglylé)? A ,f %}rcg\%ng]: l%gng in substantial helical

St r UhtcBvith ﬂ{egﬁéxji&)’s; tuﬁﬁg?ﬁa)‘{%%\%gb@ﬁ?gtaﬂtltﬂﬁg Eortilious tubular lining

providing fluid inpernea ereln,

st r uettlunahidlpayeer conpri ses at | east one strip of

lining material arranged to forma substantially

continuous lining wthin said pipe. 2 A conposite

8 i ni Agoapositalinig as vlginad i TWRErEoN7 tWikrd Miafifieictural layer is
| ayer conprises at | east one section of |ining

mat e¥puded onerpfEgaliowbinthefusthss steretural lryercont i nuous

i npernmeabl e tubular lining within said pipe. 3 A

conposite lining as clainmed in claiml or 2 wherein,

% he & epmppsitedining apyadainied ipeloin @ed ardrwlemeini cal | y

within the structural |ayer the contai nnent |ayer

bei ng bonded to at |east a portion of an internal c

sur fthe Brsb ftridieraklpyarcbmpakes! asspriy heldaltpwpmsd iner firsitiehigalabrection to
claiymed in claim1l or 2 wherein,.the containnment |ayer

i s ﬁgv@&%ﬂ%ﬁ@@ RORGRUQPS 91%8@( Sning witan s3id ey and

layer. 5 A conposite layer as clained in any preceding

clai mwherein, the structural |ayer conprises a strip

hel iteaifpherotimeturad lavse momppises alstripy helicatlyrweindeiach second helical

turn.bei.ng, in _substantial helical, contact wi.th the .
or euS iP5, R ASFhA ey PTG 18R R ing i S48 pipes
continuous tubular lining within said pipe. 6 A
conposite linjin s ¢l ai I n_any .preceding.claim
whe B VHERRn-dbs He Andes n@ﬁffh ALIECHPRSHe PO al

| ayer, and the conposite lining is provided with a

further structural | ayer, i i i . i
10 A composite lining as claimed in any preceding claim wherein 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.

11 A composite lining as claimed in claim 10 wherein the or at least one structural layer is

provided between the first and further containment layers.

12 ‘A composite lining as claimed in any preceding claim 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.

13 A method of lining a pipe comprising:
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the further |ayer conprising at | east one strip of
lining material arranged to forma substantially
w@emsiossae’is | i ning within said pipe. A conposi t BCT/GBR209§/000968

as claimed in claim6 the further structural |ayer
conprises a strip helically wound to forma plurality
of turns, each turn being in substantial helical
contlagng sdid hipetvétips etvictisl leyardon previding stwetwial gntggrity; and
substantially continuous tubular lining within said
pi pe. A conposite lining as clained in claim6 or 7
wherlgiimg saié piperveith & coniatuent layeayerprowidprgdiiid edpermeability;
concentrically within the further structural |ayer. A
conposite lining as clainmed in claim6, 7, or 8
whervwehdrein] lihing sﬁldrlﬁpe s)tltlhtmﬂtmcairall lay@rcompmpass a&emgig said structural
strip helically_ woun rst heljcal direction to
f or TR B%}na%]%qbaiapg)al&‘/owelrlﬁwélmlwowlam spidiPgy wi t hi n
said pipe; and the further structural |ayer conprises
a strip helically wound in a second helical direction
o famatkodseiating e piel agﬁ ctasmed Huelain & 3pdiessin linimgrsgid pipe with said
wi t hi n. sai st.. an
nel 1o g BB e B e b e i eriat to forma
cl aitiBglal AR ¥nPERERME Hd EibalaMiNREE kéhdbhe seRtnfhIN B crmeable.
llayer is a first containment |ayer, and the conposite
lining is provided with a further contai nment |ayer,
fshe £ M&ﬁlﬁroﬂﬁﬁ{gad @g@ Bl clﬁlﬁié%rln CRIRY B %ir 'PQ wRkrelB@S boRBGment layer
section of lining haterial arranged to forma
subst andvidéd yoncepieicaiia bilitdhirt tltauétmctdralnlayq bhﬁtdonmmmmi layer being
pi pe. S|teI|n|n ascairredlnc
Merh@inﬁef Reitdrasta Do OF g gpelautireat tl%%wﬂilgl layer.
provi ded between the first and further contai nnent
I ayers A conposite lining as clained in any_ preceding

al Mr@&mﬁrqfémﬁ@ &pipp avdeimedrieelagp g oF Mrivhiereliie eentaingent layer

pe rigbauselZetFwicalh Bnet AUt Ryl LT Coponai ng

structural |ayer.

17 A method of lining a pipe as claimed in any of claims 13 to 15 wherein, lining said pipe
with a structural layer comprises helically winding a 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.

18 A method of lining a pipe as claimed in any of claims 13 to 17 wherein 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 strip of lining material

arranged to form a substantially continuous lining within said pipe.

19 A method of lining a pipe as claimed in claim 18 lining said pipe with said further
structural layer comprises helically winding a 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.
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A nmethod of lining a pipe conprising:lining said pipe
W th a structural |ayer for providing structural
WO paosgeases/; and |ining said pipe with a cont ai PETEEGB2005/000968
| ayer for providing fluid inperneability; wherein,
lining said pipe wwth a structural |ayer conprises
arrangi ng sz%ld struyctural, layer to forma

%%bs adrdq ;lflnE’&rﬂHIPﬁﬁd%almieﬁmfde Y80t dgdieseip hsdirstatructural layer
oL 10 o g PhRGUAS R AAEdhBE F 13 vher el

i ni sal pl pe w al nnen er conpri ses
arrangl ng at | east one section of lining mterial to

or n i d t I i ni ng
1o ettt i PR PR R st Rt I ethwhere
I|n|ng a pipe as clained in claim13 or 14 wherein the
contai.nnent .| ayer LS pro d concentric Wit hin
* e BHPEEE ping Wity ko Ftisa et Rfvantises 5 Branoripgme & srip ina st
bon hin%:
e e *’%@%%?ﬂéﬁ%gﬁﬂu‘%dﬁﬁ‘ﬁ%ﬂ% g ARG <8l pipe; nd
claimed in claim113 or 14 wherein the contai nment
Sty Siéltd&@g%r t]Hé/ é/l@@@ltﬁ%‘&iﬁﬁ&léﬂ s@@l:t:u}[al ?ﬁfeﬁg)gﬁpg}esgggel% Wméhng further
i n amyp of a cbdndtheliGaltdiretBortefomna sdbsﬁhﬂglysacblﬁﬁm@@s tubular lining
with a structural layer conprises helically winding a
st rl‘ﬁlﬂtlﬁsﬁlélﬁﬁe@t plurality of turns, each turn being in
substantial helical contact with the previous turn
thereby form ng a substantially continuous tubul ar
st r uehareia) the Sy andisedond helidad diseqsions arcroppbste. of | i ni ng
a pipe as clained in any of clainms 13 to 17 wherein
the structural layer is a first structural |ayer, and
Xhe Avetetiod off ﬁnhlgalpiliﬁcasplaﬁm%irﬂ anp bfiglaiiniyel 3pb pewheieh the containment
further st ructural ){ the further |ayer conpri sing
at l@¥s s adet “é’tlfailfﬁn%’ft a¥eh Pﬁ%ﬂ]ﬁﬁ‘%e@?qdafpméﬁ“rcﬁﬁ’@éléestlﬁm?&ﬁlﬁi)lpeWlth

rret hgﬁ}t o Fﬁéﬁlfﬁlﬂ%&gﬁ éﬂ%lénglinghﬂga M%%%éo%gﬁ o?ﬁmnématenal to

sai dofmh petubutad 15ahg afnﬂl rsel@ingssaid Glhljiﬂz&| lihiay &b renda@ it $8Bstantially
helically winding a further strip to forma plurality

of tiEPE@Ncakleeh turn being in substantial helical

contact with the previous turn thereby formng a
substantially continuous tubular structural |ayer

A% t M medwidof ppe apipreastedaimet in ¢lain?R wpenein the ocdtdéastehe structural

in (iayaer 1 plrgvﬁed l}e ngglg ﬁler}irgtha%dfﬁllrrﬂ%etr cgltltrallilltr:r}elil{ ﬁtye ayer

24 A method of lining a pipe as claimed in any of claims 13 to 23 wherein the method
further comprises lining the pipe with at least three containment layers and at least two
structural layers, the containment layers being separated from one another by a

corresponding structural layer.

25 A test structure for testing the fluid impermeability of a tubular containment layer of a

composite lining according to any of claims 2 to 11 comprising:
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I's provided concentrically wthin the further
structural layer. A nethod of lining a pipe as clained

w0 poodtgosad cl ains 18 to 20 wherein: |ining theP@i/G82005/000968
with a first structural |ayer conprises helically
winding a strip in a first helical direction to forma
substantially continuous tubular lining within said
pi pexscamdilenscr lopgitudinal fenggh pesaid edmtaimmentlayehdhe seam comprising at
stryctural lLayer .comprises helically w nding further
st r i L EeB S I P asERBs (o form a
substantially continuous tubular lining wthin said
pi pe; wherein. the first and second. helical directions
are aé‘ﬂﬁcf??&‘é‘? foﬁ’?ﬁ&h%"e@ sift SpamRedsBions-as cl ai med i n
any of clainms 13 to 2 1wherein the contai nment 1ayer
is a first contajnnent_ |ayer, and the nethod further

260k imsdlRod fogi tegingrbe dhuich imperpeabifityy ofha fubpdkcanisrapgnt layer of a
| ayer ar [ e rther :L.bon of
| g bR RRE G he AT} ofRftb 410 1FeaRBRbET T
said tubular lining to render it substantially
i mper negbl e. . t.hod of |ini a pipe._as clained. in .
ol B9 anga Cr T AEeT ! P SR REpE 5 PR et of said
IS RioAMiERSht 18jreRB sbiif dohfpssindnd 1E4st tRE sulsRIIR Farllle]l seamed
| ayers. A method of lining a pipe as clainmed in any of
cl airagions and a28udwicioshed bétweemesdid seamedirbgons; onpr i ses
lining the pipe with at | east three contai nment |ayers
and at least two structural |ayers, the contai nnent
| ay efrssshgéing ssé paudafitediti 8 dinidyne anot her by a
correspondi ng structural |ayer. A test structure for
testing the fluid inperneability of a tubular
cont@idiimihg L fAYRITIAE isAeSaNP S @thlet 6ff AG] FHE 5101 déangedir@gions.
any of clains 2 to 11 conprising:a seamalong a
| ongi tudi nal Iength of said containnment |ayer, the
a |rsd idi Wal @tip ¥f Bdh@hdaflrial for lining a
2:72a%%%%n@?pgghdlﬁ%ﬁgﬁ?ﬁggéIr}gggalbet\éveen sgi d ¢ hning
s eamugk, tegippasitusAomptisog: f or testing the fluid
i nperneability of a tubular containnent |ayer of a

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 said lining material to be dispensed from said

coil;

the coil support means being rotatable in a controlled manner relative to said base

portion for inducing helical twists in said strip of lining material.

28  An apparatus as claimed in claim 27, wherein:

said coil support means is configured to dispense said strip from a centremost end of

said coil, thereby allowing a strip with a naturally induced helical twist to be dispensed;
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conposite lining according to any of clains 2 to 11

conprising: providing said containnent |ayer with a
w@easngiseg a | ongi tudi nal | ength of said contBCTIGBRG05/000968

| ayer, the seam conprising at |east two substantially

paral | el seanmed regions; and a conduit fornmed between

sai d seaned regions; pressurising said conduit with a

f | ui id eriveatlpriindused iistheing gddifiaal t anyaktetion indbead twist.

either of said parallel seaned regions. An apparatus

for providing a loosely tw sted helical strip of

29 ni Ag apperatos a$ clhioned inclang 258 qui2Bewhéram: appar at-us

conprising: a base portion; and coil support neans

rotatably nmounted on sai dbase portion for supporting a

coi | sagf csibbabgoirtnineghsniatpesiiddd aithl of oirip alidpemding pertiehrdomprising an

of said lining material to be dispensed fromsaid

coi | apetthEe fopreispigontd STERHYOWE ng rotatable in a

controll ed manner relative to said base portion for

i nducing helical twists in said strip of lining

mat exaidstrip Aispelpspeg pleiiernabeing witatalle ilrn{)eptlalem @fpaid coil support means

wherejn: said,coil support means is configured to

disd@h@geiéﬁﬁdﬁ??ﬁﬁ ‘$§n1a centrenost end of said

coil, thereby allowing a strip with a naturally

nducedhelical tw st to be dispensed;sai.d naturally
4(}1d aPRaAEs ahelpiRpddn glapn afg?lbwaf‘i‘ﬂ}lel;%‘i“ati on i nduced
twi st. An apparatus as clainmed in claim?27 or 28,
wherein: said coil support nmeans is provided with a
st r i sFdRoslERRIThECHRYis TabHakly mountsH 9 saif bagsaroptignefof gptation about the
di sp iaﬁicg rg’g‘fs%ids%c{ii.p through; said strip dispensing
pl attormbei ng rotatabl e i ndependent of said coi
support neans relative to said base portion. An

t | ai . i | ai.m 27, .2 9, .wh in:
o o e mranany of HOrR B, T Tt HAS cai d
base portion for rotation about the

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 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.

33  An apparatus for helically lining a pipe as claimed in claim 32 wherein,
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axial centre of said coil. An apparatus as clained in
any of clains claim27 to 30, wherein: said coil

WG appovs4sreans i s rotatably nounted on sai dbaseECPpGBRI06/00968
for rotation about an axis substantially perpendicul ar
to the axial centre of said coil. An apparatus for
helically lining a pipe with a strip of lining
mat esaidivindirgmeppsais aonf gwednberi telingly wingdingandgstripglirectly onto said
conpr i hel i cal w ndi ng neans; said helical w nding
neaﬂgla ﬁf Configured for helically winding said
strip into a helically wound lining I|ayer for ['ining

an inside surface either of said pipe or
pr e\A§8idyvinding rigjipeqiignErdpr lowt%ﬁé%‘fqhgloﬂgﬁaldmpe as each turn of

heli 6o 1&&10&1&?%8%?%%5%2@%?13%%@% 4o £ 1?11@

wher el n, sal ns I's con |gure erically
MAndlng said strip directly onto said |nS|de surface;

AR olph B kel DL b0 it s iy gprein,

mound lining layer is fornmed on said inside surface.

ol ar WG esShaids coit el prhehes B e £arth Teedyonto sid

confihgug egefcer helically winding said strip directly
onto said inside surface; and said w ndi ng rigis
confl gured for free rotation about a |ongitudinal axis

ﬁd%ﬁ@yﬁ@d@ ?%%hcogﬁg&eﬁfforzﬁéeqoﬁg oh%@l)v%tya fggglﬁgdinal axis of said

I|n|ng n sard 1 nside sur

appasipd ascatturh of said@hdlically Wotgd Bnipp REedis femaidRGaidinside surface.
claims 32 wherein, said wnding neans is configured

for winding said i ni ng strip into a helically wound

POI tABApPa?MES for ABEA19MintHd evplpg a$ Qi dagh kA ¥2 \WH4RGh
tubul ar portion along said pipe thereby to form said

helically wound lining |layer on said inside surface.

An appaf Rl s el dné ghfe}i fgﬂ Windth AR i AS sthib HtBB8%elifuity wound

clains 35 wherein, sal
portion layer, and for driving said hehcally wound tubular portion along said pipe

thereby to form said helically wound lining layer on said inside surface.

36  Anapparatus for helically lining a pipe as claimed in claims 35 wherein, said winding

means comprises:

a cylinder rotatably mountable on an end of said pipe for winding said lining strip onto

an internal surface thereof thereby to form said helically wound portion;

and a helical guide mounted on said internal cylinder surface for driving said helically
wound portion along said pipe thereby to form said helically wound lining layer on said

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

37  An apparatus for lining a pipe with a tubular containment layer comprising:
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means conprises: a cylinder rotatably nountable on an
end of said pipe for wwnding said |lining strip onto an
WO niosovmis sur f ace thereof thereby to form sai dPCT/GB2005/000968
helically wound portion; and a helical guide nounted
on said internal cylinder surface for driving said
helically wound portion along said pipe thereby to
form f;mnan@emraan cympusiolg hi lnashgné myeding diesfai thrimieg aleheet of lining

surface .ej ler f f.a previously laid
i ni'HEera 8 %Bﬁﬂfya‘g’g‘g&ﬂ?ﬂl W%“llﬂ ﬁ%“ YU pe with a
tubul ar contai nnent |ayer conprising:a formation
ortion conpri sing | east one rounding die for
f r iR @pg@rgt.ﬁ%@it cl%}fneﬁ el Ahwletel the fargiagon portion further comprises:
substantially cylindrical tubular structure. An
apparatus as claimed in claim37 wherein the fopnation
por ttéeastanetieianation sy fos Esmings sheetps finmgandteniatintd edlatibred tubular
for for ng a sheet of lining material into a

flatl ﬁgg’tubular structure; the rounding die being
| ocated for formng said flattened tubul ar structure

into,said sub nti I I i ndr.i cal bul ar structure. . .
I welnt For i Geine Toeted o faeing 4ig HROERL wb i Hructire nto said
! ayes‘ubbtﬁnt?al@'o?ﬁn&ﬁh%l AIPRAE Shigweonpri sing: a mobile

unit configuréed for longitudinal travel down said
pi pe; said nobile unit conprising at | east one seam

%@g ly gz% %A&ﬁgggéagﬁtuw&déea \Qelﬁ%%m gont Sigrlnglﬁt g?etgalﬂqgéngpe the apparatus

aratus as
wher®@iniprishe: rmbi le unit furt her corrprl ses at |east one
further welding head for wel ding said containnent
| ayer to an underlying structural layer. A welding

appaf @bise @it 6l gﬁ%%fbﬁloﬁ}gﬂdﬁa’i%a%l HIYVRRI GG, the or

each wel di ng hea mprisés an infra-red source for
i nduci ng heat thereby to cause said welding. A welding

appagaf §b1?esun# c%gﬁ'}%gmg'ﬁt h@iolt $3AnfWerdho Hagd R Wel&ﬁgea Qam of said

each we d|ng
containment layer.

40 A welding apparatus as claimed in claim 39 wherein the mobile unit further comprises
at least one further welding head for welding said containment layer to an underlying

structural layer.

41 A welding apparatus as claimed in claim 39 or 40 wherein, the or each welding head

comprises an infra-red source for inducing heat thereby to cause said welding.

42 A welding apparatus as claimed in claim 39 or 40 wherein, the or each welding head

comprises an ultrasound source for inducing heat thereby to cause said welding.

43 A welding apparatus as claimed in any preceding claim wherein, the or each seam
welding head includes a pressurising fan for applying air pressure to said seam during

welding.

48



conprises an ultrasound source for inducing heat

thereby to cause said welding. A welding apparatus as
webk@soes48 n any precedi ng cl ai mwherein, the oPCEG&BR005/000968

seam wel di ng head includes a pressurising fan for

applying air pressure to said seam during wel di ng. A

wel di ng apparatus as claimed in any precedi ng clai m

Afiherfeivrelding apparae ias skeameduin ainpreneding elirprvhesain ghe or each seam

shi el ortion for preventing a.longitudi nal porti.on .. .
o SuaREaeif Fraitiosth SR BEFeby Y £BpePRibA Porcon of saia
f | Uigdarh TRENK BERE weldedNghdicby to form a fluid impermeable conduit.
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