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LI NI NG MATERI AL FOR PI PELI NES I ntroduction The
present invention relates to.a lining material for

pi pelines, such as water, gas, or other fluids, which
is capable of formng a lining thereof in the form of
a strong inner pipe. For a nunber of years, a tubular
lining material was used for the purpose of 5 repair
and rei nforcement of danaged or superannuated

pi pel i nes, which had _been con [ ried in

t he ground, si MNIN@NQJ&B}@ ﬁ\éﬁ(? E%Je”\%Sal ly for
under ground pi pelines involved nuch cost and
dlfflculty Pi pe-1ining nethods devel oped at - an early

éhﬁggu ' gr exanpl e, those disclosed in U S. Pat.
.3, ; and 3,494,813 were rather pri mtive and had

a nunber of drawbacks 10 in actual pipe-Ilining

Oftes ptasens invdmtioh reltes Itocwrmhgnmlbnavm pipelihemraot as water,
ments were made in both pe-11ning nmethods and _linin

giRse OF piher flds, (waick is, cap@@e@féprmlﬁgraab@amthﬂmj in the form of a
;%}olﬁgjﬁ%%gygsbeen proposed, for exanple, in U S. Pat.

1, 4,334,943, 4,350,548; 4,427,480 and

hohi pufhst irueitS o DBHER JRing FielifoR 31zl or 86 purpose o

trébail' aind teinfotcarhést bﬂHahﬁgeﬂgoﬂsbpéKéﬁhuatd@ pfpéhaés owhich had

the i nner surface thereof, inserted into Pl pel i nes
an

begngansietacand uicd mhtlsneegwums sinceupiperaychanga sverks espe-

Sy P AR RGHOURE) pipBRTE o U BosPhid dificlity, Pipe-tining

nethbdsdevelopad gt zer @rly stagenforexambsie] thosbali sclosed in U.S. Pat.
Efel ines is desirably provided on the inner
0!

37,0€2 ppd rd494 ﬁn’l sIvere raithert pTiveraRe; hacka d'fur@ta@'t of drawbacks
1 A g i AR 0 o

nents vara head eainshdth \pdpdtimimguraetholds randdinimg ngatpnadssuwd therein.
pi pelines. Usually the lining materials are nade of

B@béraﬁlﬂﬁbﬂiveﬂamﬂg?nﬂﬂﬁéd% hatéBeken pRGSBERd, ffd)ﬁé‘)té?hﬁleofn U.S. Pat.
foamed material and have a water-proof and/ or air

Negse 4368, QSLo&s%ﬂe%?.aﬁ@wMﬂ)aﬁﬂaa 480 896n4,38HH43 have been
8!%' t%@'ébﬁé]l?ﬁ ﬁ%t"lﬂag fﬁ %'}1 ba ;ﬁgelmse IEl\c%ordu’?g ‘?8 ?ﬁéfed methods, a

tubular lining material having a binder applied onto the inner surface thereof, is
inserted into pipelines and allowed to advance therein while turning it inside out
(evagination), whereby the lining material is bonded onto the inner surface of

:the pipelines with the binder.

In general, a lining material for pipelines is desirably provided on the inner
surface thereof with an air-tight membrane or coating to impart water-proof

and/or air impervious property to the lining material.

Various kinds of tubular lining materials have been used for relining pipes or
pipelines. Usually the lining materials are made of felt and/or fabric and/or other
porous, fiexible or foamed material and have a water-proof and/or air impervi-

ous membrane or coating thereon.

The application of a tubular lining material is desired for the purpose of reinforc-
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ing pipelines for transporting a high pressure fluid,
for exanple,.a gas conduit, (up to 64 kg/cnz service
pressure on actual use), a city water pipeline (up to
18 kg/cnR service pressure on actual use), etc. In
the case of the city water pipeline, a pipeline of
city water grade is frequently 5 used which

Ao HiaSlneS 105 TraheRPriy ot P Breseute fnfn oXariples aggas condut
:(gﬂgo%élwk EFnz'sreMEé ??éégu?e bﬁséc?tﬁéﬂfs%g é”cft}( W‘Jt@f' Mlp@hﬁ’é’%up to 18

% g/cnz. Besides the pressure-res

degipref sgrvice prassoregon astusall asek el@ cr acki ng or

destruction of the pipeline caused by external shock

dn theadse ofthe city wastet pigoliiesa pipeliné o6 cﬂ?watedgfade is frequently

suc ines including 10 city water pipelines
Hcg(bﬁc?bpﬂgm@v. has & pressure JRsisfance,as pigh; as 30 ) kgfom? but

%2 fy dé@l’@ﬁﬁ QVWHHQQQGQPB?.C&! fiheo ﬁhQ@lltlb use%bllel resistance

serirous ining nmateria
sultu‘haiﬁlypdmpﬁasho iz fewokg/ced. Besjesstres psegslmré-messimgl property, a

stiRbgi eaisBArGRLfo frRigkiNG, aSdeoiction o ibeppgiing cauged by extemal
RAGEKBr ﬁ)%ﬁl%agﬁgvéﬁ eggtﬂbﬁé‘k% ﬁisgrdééireg%r EWP?bhne%mcludmg

l'i ni ng mat eri al al on esira mal n
iy @watelhploehaespdssthgmm dfpipelinestfogla lmgbsmesmrefﬂund ddamages

el i.nes uat ed and
BHGfed Lt GeSRkctiRs of PoeiioBE ) & Bl Thus  acybular lining
mehalnum i S0LRIpipélee Bheguirew {0 pbaskks BEch function that it
pressure of the transported fluid and the denmand on

sheuldinatrhe dastsoyed andican be swibstitited for pippliresieven jiff the pipe-
s, BB ediadkBcoP bitherh SriiBgyeltis tupular g8 Mérhi atone

shéeld i sirabyC faiftaR £ the ﬁﬂ’fcﬂoﬁW'p%ssﬁye\ﬂﬁy ‘?@f tl'hsq Hiyhepressure
the tubular |ining could peel off fromthe d

ﬂmﬂa ¢\h9é"s if the mipelings age cﬁém@ywted sand slgnlﬁtzarglfy crasked or

defeR L U A She PG PRGN bR Uhlls yittand the
ms‘“’e “Efm@ ttdrspopted fliig aﬁ@ftﬁélcf@han@%n the Ilmng material will

characteristics of the tubular lining materi
krqRspe psveee esﬂ@claﬂ-y ih thet diameterapt theeeipglla%@ Iarge If the pipe-

IMIsCaR \Er&ckddl o B5tBKaN mé%g%%{] stic gﬁxé)?treﬂ?él force caused, for

oads-absorbing ‘proper pressure

examnpleaby @npeantiequakemthe Inubxﬂau liming loouldi peél off frfm the damaged
hi gh pressure fluids using o

assageway for ni ¥'
F?B%'m w'f‘mﬁ@%& éreﬁﬁpyemwfﬂ%@rﬁ%ép.méwt@n o' function of a
Flsa’séﬁﬁsﬂawo,bﬁ,gheﬂ}egéljm fligorder to furnish a tubular

I ni g

The term "structural-resistance” used herein means the specific mechanical

characteristics of the tubular lining material. In other words, the term "structural-
resistance” is herein used to mean a combination of external loads-absorbing
property and internal pressure resistance property which assume the function of
a passageway for a high pressure fluids using only the tubular lining material
when the pipelines are cracked or broken off. In order to furnish a tubular lining
material with structural-resistance, the tubular lining material should possess a
sufficiently high tenacity in both the lengthwise and the crosswise direction and
a satisfactory resistance to such a degree that the lining material should not be
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30 material wth structural-resistance, the tubul ar

lining material should possess a sufficiently high

tenacity in both the | engthwi se and the crossw se

direction and a satisfactory resistance to such a

degree that the lining material should not be 2

broken down prior to external |oads and/ or shearing
estruction forces froma b|n 0ss between, t

31 ken dewnaproT Reexteral dHans ardl-p shepiings desifistion 1orces from a

A tepisl %Eﬁge the pipelines

RTINS bR pbl i Bt atnsl e e o

taeeabumdofn softi ground tdreregiaioned mdamheepipeitqleamy b axracked or

If%%é]fgpﬁl$)%ﬁ%en% ,da%fn acked dﬁr brokep of F‘é Et\}gn if the pipe-
i8S Bré eFfckedoritoR&M off, fh‘ef tubmamhir@ W%a@b@@é,uh@%uctural-

by shearing destruction of the solidified binder and
cegistenice| canube spbihoffidram the damageyd pipelines biiis§iearing destruction

B e inoR G B LSR5 pRsRBEES) e i

ehegsaeé ALIdS Thes, thehsthectiral-peklstanes of thét Hniiey ihatévidlis one of the
i nternal service 10 ﬁpﬁessure resi stance, the renovated

pIgsd |1mﬁe§antscftarac@als wehesgiie additiondads (veedihigh emal service

ﬁ %% ggﬁ ntﬁge{e%obg%de p (P%Ilfl%é Ele %Vbﬁt;egbg where external loads

eauldrspeak as Wélulaﬂdber whiere there éslsoft gréwned or igdlaimed Iand and/ or
tubular, lining materials, however, no consideratjo

Ima djstict QYNFEF? earthquakes: suid hespnticipaiest afie dhe Msiokeart tubular
iR trHQfé'r%'ie H&‘Wé\%r”ﬁﬁ%r%kdérﬁtt&? Pllab%ét'Pbetehiht? sd¥eEtructural-

sur ace o ation
regisiaheat t hat the tubular lining material should be
flexible and do not require a high fluid pressure for

Abeneuasiiaaining neenaltis %pné@ ofiRedhnet S@face of the ptpellnes by
evagi nation operation beconmes nore difficult as

eYRARAs bis impertanbthaiithe |tubulaghmfagénawnabeb@ﬂdéne flexible and

3555 PS8 BRI o 118 At Sy, ngenerl, o

Slagirdtiorn bperdtiins beoeRes frabra difficult @d thedtHiekndssnohthe tubular
rraterl al. US 5,186,987 discloses a lini n%mmaterl al for
fﬂ"ﬂﬂa |mate§ahhe@¢mee @ea@éscaanyerﬂlye gopddlaxibilityis @lsq, required

angfé el (i d%@plﬁfbﬂ t8;th§ st rﬁHﬁ.{rQiC ?eﬁgtaht'lﬁ {o‘t‘gﬁé Blirdd tuﬁhlar lining

a se ber n cover
mhaterialit er surface of the sheet. The sheet 25 1s
conprised of a fabric and a nmat of fibers of high

WE 138,987 Hi 3 & Unitgtriaterial for pipelines which comprises a flexible
tubular film, a sheet covering the outer surface of the tubular film and a second
film capable of being split off covering the outer surface of the sheet. The sheet
is comprised of a fabric and a mat of fibers of high tenacity impregnated with a
thickened liquid thermohardenable resin to form a fabric-fiber-reinforced
composite thanks to the high tenacity sheet having a sufficient length and a
width greater than the inner circumferential iength of a pipeline to be treated.
Both lateral end portions of the single high tenacity sheet are slidably over-
tapped with each other to form a tube around the tubular film, the outer circum-
ferential length of the tube being shorter than the inner circumferential length of

the pipeline.
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t hi ckened |iquid thernohardenable resin to forma
fabric-fiber-reinforced conposite thanks to the high
tenacity sheet having a sufficient length and a w dth
greater than the inner circunferential |ength of a
pipeline to be treated. Both |ateral end portions of
the single high tenacity sheet are slidably over 30

| apped with each other to forma tube ar ourf1|d t ) .
t Whamthe: lining raaterigliinserted rintenther Ripeling & In ét?@ b Bring the lining
i _ ) h . . h ‘
R B It b8, B 500 A5AEOE i ot e
| peartaping sectisrhef thiediringelides over eneednotheband dhe isiscumferential
[inin materjal evenly intqQ intj e contact with the . ..
ey of e bings malenab espAnde. 50 18t thy SRMGRPIRTal Comes in tight
S@&ﬁth%\uﬁlﬁtﬁégiﬂeﬁﬁé.ﬂg slides over one another and the

e

crrcu renti ength of the lining nmaterial expands

sg. .t t i i i alk [ i S
< FEFh 8 A B 6 BB Il of g G materi i
climitediapten rathbr bty predsurdendy berggquredto aleicome the frictional
limted and a rather st_ron%_é)res ure may ,be required
igSistaneRALheining materalah the QUPTARARG SHFIAMe [ ni ng
material in the overlapping section. W91/ 14896 _ )
W9 44896, disclpses a stoilalr tubulamliningt @aferal ;as described in US

5355 S g8 e f i G R ARl et mates
ay¥Richadverapo8E oh@datativh per layate Upodpipfiatimg Itk ilining veaterial the
l[ining material the reinforcenent |ayers

tfﬁé‘lfﬁfqe@ﬁfédlﬁv&fé wUIe$Iimprhfgr seshachve tqyeélﬁ\émBi”b géclﬁgmi {o enable
' ' . DE 44 45 166
dBe Teiicith U B SBaEPT ) g wacer 1ol oo

' i.n US 15.5 186, 987 Wi . .
E A58 dobthise defcitisss simbar kB R fateY 85 3uigsed in us
a8 1969870k isaVe R layel¥ O -redincalistibba Peintbreemient nsatefial which

each layer are offset relative to each other. Upon
iovieriapi algonedocatiompendayer. fhetoueriappingosedians: of each layer are

| ayers wi.ll slip in their r. Ve r ' :

Sltset Felative 1 eabh ofher’ Hpons |§ﬁ§{fﬁ%’thq g@ég Sﬁ%t%ﬁé)c%\aenlgmforcement
38védiE Wil dlip Pthe! RRpEetvE beragpind elction ttoeriable the reinforcing
lining material with several layers of resin

d@mg@@(pandi nforcement material which overlap at one

| ocati on per

DE 44 27 633 also describes a similar tubular lining material with several layers

of resin absorbent, reinforcement material which overlap at one location per
layer. The overlapping sections of each layer are offset relative to each other.
The lining material further comprises two non-overlapping exterior layers of
reinforcement material covering only a part of the circumference of the lining
material. These two exterior layers of reinforcement material are bonded at
certain locations to the envelope of the tubular lining material.

Object of the invention

The object of the present invention is to provide a new type of lining material for
pipelines which can be evenly applied onto the inner surface of the pipelines
and is capable of forming a strong composite lining.

4
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| ayer. The overl appi ng sections of each layer are
offset relative to each other. The lining nateri al
further conprises two non-overl apping exterior |ayers
of reinforcement material covering only a part of the
circunference of the lining 25 material. These two
exterior layers of reinforcenent material are bonded
at certain locations to the envel ope of the tubul ar

| Gehearal paseniptioin. ofdbe drventibnt he i nventi on The obj ect of
the present invention is to provide a new type of

[jinin terial fo i.pelines,. whi e e . .
5 pRes B Bk Rrme e BeRTer RS ResPmsy e relsat invention
| sropased ketublildr AinAg ehaRe Sl OR deipfurongl pipelinay, ndilizable in a pipe-
eneral description of the invention In order to .

dinéng Brathachl his Biulardining malerialohaving a hindenpispesed on the inner
SERE BBredt SOREGTA it U bttty 2nBls bRed0, adVance within the
nipéline adhthe thbllalr Hringi miategianig ewrned . indideiowt underrfliéd pressure
di sposed on the inner suyrface thereof,. is inser

. t o
i‘ﬂt‘%e_ﬁy phe &khuiar linieg matariaidaepplied st nensyHpge Bhthespiveline
Rl A0 e Bt e Bl 58 ol b 96, whuer ning
Imaterigl. 'Beie materiakisgpplided drothehiasidentberenfriitic a reinfofoing inner

i peline ith the binder bei . nterposed between.the
BuBgar Hekehwhate (86 1aPeT FMAECinGURhIBE JaCkE, Gpriprises at least
. : . Y N _
TR {icts of e SeROEApi Yiph PoHAus, ek andl Whofein the sheets
ovenapratileastt twoulogatipns leatl wbenein said averlapaportioh extends in the
heet s. of .hi gh strength d .hi gh, nodul us fibers and
Tneiavisdipdinr 4 Bingr ilbuidt MRk 't wo 1 ocat; ons and
wherein said over|lap portion extends in the
ITORRrARPEed tibular ining snaterial for reinfarging| Ripelingsaessesses a good
| o . : ” . _
BiFRieP SBCofuill Eloech, TRt GENMpxIk el lifig Br easy evagina-
tiapaand Yhasrgoml oiscuraferehliaexpansionf propecties imgofder tedit the host
evagi na- 15 tion, and has good circunferentia
Bi8¥ansi on properties in order to fit the host pipe. 5
After the curing of the binder, the Iining materia
becones firm shape stable
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and its structural -resistance and pressure-resistance

is sufficient enough to mintain itself as having the
function of a passageway even if the pipelines or

joint parts thereof are cracked or broken off and if

the tubular lining material is 5 peeled off fromthe

pi pelines or joint parts thereof by an external force
stronger than the bonding strength of the binder

uAtier thencutng@f the\kindery dhefininge materialpentrees firm, shape stable
according to the jpvention is that it . .-

oS i BfufiEraresiliie, aRd whshiBsrsistgnee o, mficient, paoush to
tIRaRHSTHhGREH 44 Aa0ingrthafunstidrPBf Bhaseagewal®vEneif the pipelines or
presence of at |eaSt two overl apped portions greatly

dainhmests threead asarcragheashok byskent off peddfithe tubwlar lining material is

T PRI dub BRellieRiE 130 bl PR Y T RRE Ml Fprge stronger
ShBh lthé bohding SigngunbetherBindér usddze. The risk of
winkle formation during relining is mnimzed or even

YRe SRter advdntAgd BPEHY lifihg TRatei8l SYGSrHRIgStohe invention is that its
extendi ng across the two Opposite edges of 15 the

fairgurderentiaLiexpansion requiressandy Bdow preasurss tocovedcemettbe overlap
esﬁssngi on, . the previous flattening folds will remain
i 1 fe | ayer overlap zones. One advantage is

t the t I t endi . t he, t
RalebenbE 5 a3 N PRARFHSES S Shanpopapp evpan-
ItSFtﬁr} E@Sﬁé&?’te% a| o??a‘%@bfygwﬂn:éz\}g@ ip#]d%dg?ﬁ(g%e%%@g% locations
apdi atiowshdesigaingdbedubalar disingt with @ tethehsmal ripitiai ciecumferential
TR ThB R RS R P eil8 b o v avoided
nd makes this |lining material nore conpetitive an

YEhBFMoEe, sinsecihe ovelaps are sXianding asiassdhe a\yeppposﬂe edges of
U5 T S AN it O 1 8! Bl reius

fiattemipy Holds wil hermaituinuize ddubleclalyel ovenapeEo@s.i S
overcome, and the tubular lining preserves its

Sneuativantag ekt tHarahectwalovendps text@nding eacross the two opposite
circunference, in sglte of the use of foldin

ng and . .
gdaes iof ghe diattened dupulanfaliove tac keep ithertetal thigkness,  figxdpility and
Iy I re. R : f ound.

PRIHERTINS el il SR eybl iS5 Lo S Gtmal homo-
geAdsuO besistantd sfihe co@pdsitd tatevial bfter hmpregriatidn and curing.
w thstand very high 30 pressures even when a high o
Shisesharacterisligleag daian mpentant saving &f resin Aed|Makeg, this lining
material more competitive and easier to process.

Thanks to those double layer reinforced zones covering the flattening folds, the
negative effects of the physical folding on the high strength / high moduius
textile material is overcome, and the tubular lining preserves its structural
performances around its entire circumference, in spite of the use of folding and

shearing sensitive reinforcement fibers or yarns into the composite structure.

Indeed, it has been found that lining materials such as disclosed in US
5,186,987, with only one single overlap portion do not withstand very high
pressures even when a high strength / high modulus fabric is used in the lining
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6 material. Surprisingly, the lining material wth

two dianetrically opposed high strength and high

nodul us fabric or mat overlap sections however has a

much hi gher pressure resistance than a conparable

l'ining material which has only one 5 overlap section.

This surprising effect seens to be due to the fact

that the lining material is folded during production,

t materalor ed and transported in a flattened state. Only

when the lining material is introduced into the
pSqurisrirglp,nmeabmhgeMatmal hweith mwerdlametlﬁ@ajlq oppoded hlgh strength

BRI e R G B bt S it
”E’r‘é'ébUﬁa fréQ@fa’ﬁcHS%n' g &&ﬁ éﬁélﬂé w]rﬁr‘@gnéfé?ﬁl wﬁlb’ﬁ’bﬂég only one

jacket have a tendency to rea I'I'ning
nenaslapasedtionf | att ened. The fact that the reinforcing
i nner tubul ar jacket conprises at |east two sheets or
nhtis sufrptisiph effetti deemnss tertgs uentd thegfactatat dse flinbey material is

JodeLAind PreistiReinen starad A g arepareaIn Asfatanadstate. Only
ohém ﬁ'ié?ﬁﬁffr.gt rlhgﬁﬂéy fggﬁlg'oﬁkcéﬂ %b&hbgﬁéelﬁ{efﬁga iddplied to the inner

i ntact dra us i n- creases
suriacewfdhepipeing, lit mlmnsrte itsr essdr shapes ilshas beeo ffoumd that the

THEF dapsie. dtronSh ek hiohe ioduhis B g8t oiel geiiarsing inner
itaBGIas "h?él@i' Have éliéﬁﬂ’eﬂdy”td”Brea-thfﬁcb' tﬁbnli?hl $naterial lsdﬂattened

construct ed wth a 6.25 pol yester coate
fldie: fach thatathel reinforsing thner rtgbtﬂaclaqlﬂeassnmises atdeéast30@ sheets

ot et Bt tigh Binelip 2Bty g iord pibaulyh s i R0 SR overlap

ihene ajtAlideoledtibredbffe |obaBoRY WHerk &h8) MK Mdt8rial is folded,
pressure was 16 bars allowing a |l ong term service

mcseases the nymbe. of fibess thatngre still nntastuclfamtjeally @nad thus in-

ERedls; BR300 3 Hirboslyf Rs SiAELY o cured iining

rredterialal channel was constructed with two separate
| ayers of glass fabric, overlapping astride the

Fel ékﬁﬂipﬁﬁ%eﬁun%hﬁéiest%slggnﬁﬂloﬁ Gﬁt Hed 1tﬁ? M long and DN 400
bursting pressure”was bar ovv| ng a long “term
gun yinpeegnaied wand ared dintngh arhis Ilnlng was constructed with a 6.256 mm
thick polyester coated felt, and a flat reinforcing E-CR glass fabric of 1500 g/m?
(500 g/m? in warp & 1000 g/m? in weft), shaped to make a channel with a single
overlapped zone outside the lateral folding edges. The short term bursting
pressure was 16 bars allowing a long term service pressure of +/- 5.3 bars (long

term resistance = 2 short term resistance, and security coefficient = 1.5).

With the same design, but where glass material channel was constructed with
two separate layers of glass fabric, overlapping astride the folding edges areas
on 160 mm, the short term bursting pressure was 37.5 bars, allowing a long

term service pressure of 12.5 bars

The at least two sheets of fabrics or mats of high tensile strength and high
modulus material overiap preferably by at least 5 cm each.

Advantageously, especially when “DN” is bigger than 320 mm, the at least two
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The at |east two sheets of fabrics or mats of high

tensile strength and high 30 nodulus nmaterial overlap
preferably by at |east 5 cm each. Advantageously,

especially when "DN' is bigger than 320 mm the at

| east two 7 sheets of fabrics or mats of high tensile
strength and hi gh nodulus material overlap from about

2 X 0,10 DN (nom nal diameter) to about 2 X 0,30 DN

eshidets airfdbrics or pnafseofhigh tgnsdbcsiter(gtb( and2bigb\mesletys material

f‘ﬁ@’rb%p@?mtn%w?ﬁpe{ DRF el eiedreiBiTRB ALRE 2% g0 DN each,
Bend &t déeig)‘ ré‘bﬁﬁtti‘ @Eb'DN'ea\éH' Hecarlinigh®e size of the liner

over app ing on t e dianeter of the pipelin
tm dmnpmnaw&lm thepipeline aliametard These skile@ ir tha ad, WI!H’R@ able to

ggﬁﬁg g&;lptz{% fl)%lptﬁh %gﬁit?r@ropr Hﬁ H%Beﬁl@lﬂgt&? the diameter of
'tﬁE' SiFBMath Y ré?‘i‘cﬁ/%téﬁ 6y Gita ébcﬁédéd’%br\@ééffméﬁ&de the type and
nbodl nent, the tubular I'ining material further

cﬂuﬁhty obthecsherts af malsx apHdhe xpested tubnkar llﬁ'@igx\@éﬂa'{*?ﬁ%n during
ious outer layer and the inner reinforcing

a}h{?lfl?'g n{ai'e[?et or a flexible tubular jacket on the
Aibarding ek Bt hietarrac et Tpal ird St o dlsEal further
ﬁc‘fi‘n)ﬁrﬁ%g‘ diftfer o ﬁéﬂlﬁl@ﬁﬁbﬁ&r‘jé&!@t Betwastk e diRimpeRfa@Nduter layer

u ar | acket on i nner reinforcing
tansuther inpec k@nformagﬁbbularl Jackeﬂilof a fiexibler tubsdardacket on the inner

R RHSARL WS RIP R G A RS pShprE! SRRRAE A bween the air

lipehvio®s o@'ﬂereiagéi 'aﬁd\’\méemnei'a’émf&ad@hﬂ)ww jdoket andya second
the flexible tubular jacket( conprise(s) a textile

flexible tubular jacket an theunben ormng dibulardasket. or a
woven, braided or knitted textile structure 20 or ]
s flaixible Habolzs jaoketapesfetably domprisesuahratberstrefehable textile

m The i npervi o terial .of the outer |
@g'hlﬁﬁrgel SRR HSVEnaWoB) 9E felhes iKnittes) qYery o) 4n Sidstic woven
or synthetic material, which is chosen anong

e group consi sting of natural and synthetic

M)%ﬁ%r s",:lmg'l'I ﬁ\teegeﬁb@%lbg, nggﬁp X u!’?%(ﬁ% aftbRile non woven

I'N Copo

fesit, thbvnd@drmat or fleecdty drieewevén, Haider abknyltted gaxile structure

materjals are "food approved” materials.
or flexible, porous and absorbent layer such as an open cells foam.

The impervious material of the outer layer comprises preferably an elastomeric
or flexible natural or synthetic material, which is chosen among the group
consisting of natural and synthetic rubbers, polyester elastic polymers, polyole-
fin polymers, polyolefin copolymers, a polyurethane polymers or a mixture
thereof. Preferably these materials are “food approved” materials.

Depending on the destination of the lining material, the outer layer is air imper-

vious and/or watertight.

Generally, the outer layer has a thickness within the range of 0.2-2.0 mm,

preferably 0.5-1.5 mm,

The inner reinforcing tubular jacket and the optional flexible tubular jacket(s) is
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Dependi ng on the destination of the lining material,
the outer layer is air inper- vious and/or watertight.
Generally, the outer layer has a thickness within the
range of 0.2-2.0 mm preferably 0.5-1.5 mm 30 The

i nner reinforcing tubular jacket and the optiona
flexible tubular jacket(s) is 8 (are) preferably

i mpregnated with a binder creating a hard conposite

ntare} pegferably dppragnatg withqgs finder craating adaard,ggmposite material
C%&&ﬁﬁ%hﬁﬂn@ or a glue chosen fromthe group
| Qnglor .

consi st heat setting or cold curing hardening

"B bifler THEY B oS 4TSRN30 0142 b, Aol group,consisting of
comeatketting cedasid cﬁiriﬁ?sharﬂéniﬁgfﬁlateme stibieagofolydiethane, unsatu-

bi nder bi nds the overlappi ng edges of the high
shetechgelyested. Yinylesten BRexY, aeyhes ieeGygnata obickgte ar water glass

YA R N pocord o, oo preferred embodt menc
o, BlerERSAL 5, o BPOEE HE T B S0l ifioBmocuns

FeRAGrcinpsifedis aftef Burif@bPaFyig. ot her high nodulus
fibers or yarns. Preferably the high strength and high

ARsH) t.erd j i I i
TenRg B € rblerisy Ehtenai, IO st N'SHEBR bnh tensie
srength amd  bighd madudus meatedelicamprisei ng weaven,abtaidéd @r knitted
procgjss. "E' or "E-CR'd asE f] ber ar}d "E' or "E-CR b
GULELITe qr JRateanan Wevenms G?GG‘é\dec‘? JUasy, RATP Aapgyde, carbon or
e Rgh hlodUliis B8 Gvhrag! ected sizing agent for

epoxy Ttesin conpatibility are well suited for this

ool A8, nBRSHai 45, BT R SR in orser to
Owercomen (o a certainrdxtend ithe iossaolstrengthedues ta the flding operation

S0 58 L RS S B2 BRI, for ana

EE%I%%?&%S;%%W idWNid@a cidSs Hection of maximum 17

microns and selected sizing agent for epoxy resin compatibility are well suited
for this application. Para aramide fibers and filaments sold under the trade-
marks Kevilar®, Twaron® or Technora® or carbon fibers and filaments could

also be used.

Other objects, features and advantages of the present invention will become
apparent more fully from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can more fully be understood from the following descrip-
tion taken in conjunction with accompanying drawings in which:

FI1G.1. shows a cross section of a structural lining material before reversion

FIG. 2. shows a cross-section through a preferred embodiment of a structural

lining material before reversion.

Fig. 3 : cross section of a structural lining material after reversion.
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The present invention can nore fully be understood
fromthe follow ng descrip- 25 tion taken in

conj unction wi th acconpanyi ng draw ngs in which:
FIG 1. shows a cross section of a structural |ining
material before reversion FIG 2. shows a
cross-section through a preferred enbodi nent of a

structural |ining material before reversion. L)g 3 .
cFigst showsi ancress :senfionceluaastrustuiah JiniRg eratgrialbefare reversion,

S&?Iﬁéﬁ%’ﬁgla ﬂ%ﬁﬁl]eq n#aﬁlg? 2P %@Pﬁ@aﬁgﬁéﬂﬁtgfbﬁﬁo Be used for relining

CcoipBlings. nThig fnhlﬂgl Materia)| isi Heslignedtfoncstu.r(mjral relnforcement of a
manuf actured to be used for relining 8’? rhe d
mlﬁeh@e aiieeimaregnatiga wigh adhardenable @sift ar binder, evagmatlon an

s rdgﬁhgﬁéﬁ%ﬁﬁelﬁe t@'tf?ee}én% afd €r inpregnation with a

'~ or nder, evagi nation and 5 curing

fg'lf,e'e%%@trﬁgl '%MEF ?%%d)eagf aflréiloi@]# I é:’uykg% | ng%gfélnaj 1.a. applied

lort théRﬂltéﬁ%urf@Betéfeaq’léxﬂilesptir‘oas%nﬂ a‘bsbl‘beﬂtbéwstrate 1.b. The
porous and absorbent substrate 1.b. The fl exi

dispdhle pereuanans rbsorkem ssybstiate ‘tb i% Mgk U%H@J mﬁde of a non
i el oL, LS Y 380 contnce

Slampknats bbetaple fibern A sorsecases, ltrHMayalamm be aawmeen praided or
brai ded or knitted structur [

aQr. an i
fhr@i@cbstsu%r%w amseinssknd:at Bexble pPOTRUS Ea%ﬁ regierial like an
o288 Fh VeRdh 'a‘ieﬁﬂé ShatBlial 1§ Use %F e é&%u@%@éb?bent layer,

sor bent a er, tic or arti I Cla |bers or
fsyhﬂmmcar drtlﬁ@amﬂgram- amm@usymb qahlyamlder polyotefingaarylics, glass,
des or nost usu sed I n

on, arag est re
sayeny wa@a%% qﬁam?tavsqa}i'vf P@Lﬂ?%tep @é% Useg; | (7 pean caseS natural
‘ﬂ%%?é aés g‘goh' \fcfgeft%] ArigiSle fiak! ﬁemgejlﬂé Rénéfaéﬁ famie may

be use onstructlon
ﬂda thdeEas v, (Tihe cfdreshubtlm paddbe thigkness of the ﬂmsblgrmous layer

Inpsgf otda ?nvr%ch])ﬁ hﬁﬁ&?ﬁgggﬁoéf% r?g&@%%g s, in relation to
inté ton'af‘st%frfb%r §°I|I&UAS§"M)F 19%6 SihHa‘ﬁ:FeWt@'guaranty the structural

rel nf or cenent O the t ot al COﬁpOSIte |n|n%
relhturcenmenbof the tataheompasiteptinipgrin relationde the meehanied! proper-

Bes HERaORAURLB 1 SFLon 5o dbad OF hPhRRGRSHER, 7
%25%}’;3' I t%r.&ﬁq%ﬂmte{eg“méq%ﬁhﬂh%% ,qﬁ\ga:é{j . eith 59 Svality reduc-

tion factor of 2%, submitted to a 1.5 m water column, and taking in account a
ground enhancement factor K = 7.0 and a factor of safety N = 1.5 renewed with
a composite lining material having a short term E-Modulus = 3500 Mpa need a

layer of min. 5 mm.

The flexible porous and absorbent substrate 1 may be made of a single layer or

of several layers of the same or from different material.

inside this flexible porous and absorbent substrate, two separate sheets of high
strength and high modulus textile material 2 & 3 are placed and folded with free
overlaps on both edges in order to form an internal channel. The two overlaps
are placed opposite fo each other, creating a double layer of material along the

10
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ground enhancenment factor K = 7.0 and a factor of
safety N= 1.5 renewed with a conposite |ining

mat eri al having a short term E-Modulus = 3500 Moa need
a 25 layer of min. 5 mm The flexible porous and
absorbent substrate 1 may be nmade of a single |ayer or
of several layers of the sanme or fromdifferent
material. Inside this flexible ngrous and absor bent

stepeth af éhe IRingswaianal e Tancoudlefayery Are HIacaHBR asmip cover the
(bR LSS, OBt g L 8 5 4k B, B Sbea Th or der
ot BAB 5B Reb B suBBRM She S ot R AR 274 § e mace

obf Wahewogbn aboRveRe braitiddeagt Knittéd tdtructiresngsing staple fibers,
material. The double |layers are placed so as to cover .
t¢antinupys tfikareanisder ¥amws. Staicturgs dikeawoyen gnwarppand weft knitted
The e f 0l t n ' . ;
TR ARoboflgind 56801 Wt REBRrERL o perpendiutr

hticectied are preférably atedicThisearrasgeraent afidws ftobebtain aSmaximum
cont.i nuous fi] anents or Kar ns. Structures |ike woven
d ﬁg"e structural

gPINRFGs maTH ag{pt aedhe dpteredl PreRee tesitiRRGRIP

f : angn ; :
g rhateridf s ofibotried? TH! brachts, cohtifubee PRIEH Stoéth and high
troodiluainmultifilaeneintyarns afendsed inshdete 2f & &t wheref e warp yarns are

iSRRGl SFaLish oL baLAIRG Bt AL Wil sams in e
RS wibé %?l@chﬁﬁ.”@ohgﬂﬂct% BPINe WheBl D413 {TEBkIgNBENHR order to
are used In sheets & 3 where the warp yarns afe in

réach entginsilelibreakidg radrangtin teicet &g high forgtheacrosiswiseadiection as
the weft rns in the .crossw,se direction.

eBaT B 1 SHF anclihe urcdos s odtondduirgfiag preseyra dor the final
Sfucfiranihing hiterhidlds Haddddifegl rength twice as high

for the crosswse direction as conpared to the

I ' i j ti uLaki p ol T

SHEA 2 9 587 il iR iBhoth Bhl ABNCRERENIS® mdteral like

aashore parsshesanide? high pedorenarctepoliethytenestHRIPE) Andrdor economi-

hilgrgrh nodul us, terha‘ | i ke carbon, para aram de, high

2 ﬁ@ﬁﬂﬁﬁ?éefﬁgﬁ%”éf’ g¥88e (HPPE) and for econoni- cal

reasons preferably of g{l ass. Wien glass is used for
§lassgisausad forcshefrts o 18 3ate ehemiealtyagng meeghanically most

resistant grades are selected in order to assume long term performance and to

minimize the loss of strength during the lining manufacturing process and

during storage. In this respect E Glass or preferably E-CR Glass, or Boron free

grades are preferably selected.

Sheets 2 & 3 are normally made of the same kind of fiber or yarn, but different

materials may also be combined.

Overlap location and widths on sheets 2 & 3 are normally equal on both side,
but may be different.

FIG. 2. shows a cross-section through a preferred embodiment of a structural

lining material before reversion.

Additional tubular layer(s) of flexible, porous and absorbent material 5 may be

1
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20 resistant grades are selected in order to assune
long term performance and to mnimze the | oss of
strength during the lining manufacturing process and
during storage. In this respect E dass or preferably
E-CR d ass, or Boron free grades are preferably
sel ected. Sheets 2 & 3 are normal ly made of the sane
kind of fiber or yarn, but different 25 materials nay
ainserted ingideitne :haonel censtiusted with sheatsi?2 &&s on
sheets 2 & 3 are normally equal on both side, but may
b8udh ﬂaiye!rey)us usiidlly similahtorthesparoos absextienbsu b$trateg11ba However
ructural linin

ef nbodi t of
Doy e BFos AR IR Ahd bk it mralowsalﬁﬂ?z BR}IS protect the
fhexi Qétﬁn? RekiPYsT Bﬁfae?ga?brrﬁ%e QJ’LIr fenpleheratiohlin the host

inserted Tnside the ch const ucte Wth sheets 2
&e. Such layer(s) is usually sinmilar to the porous
absorbent substrate 1.b. However, It nmay also be a

WBKRr3: pisaéross Gection ofiarstivehealliniog matgeal afieeraversion.
protect the heat setting resin or binder against

VWRftéf f\ﬂ/éilsibhn!hye?fpi Tairhati |ﬁ§|denthbhlﬂ1|h@$ﬁate5lapwm its water-tight
FIG 3: is a cross section of a structural linin

neéaated facel Lein eentackwith thexfluiditohe carged in theagﬂc_r\ovgtedsplpe
turned inside the lining material wth its water-tight
chfierccuring: of then heah settimgaresimiot ibindes, theulayer(s) Heb.contribute in a

ﬁgéﬁrggq)ﬁz) h?sééf irs Fegﬁ{;qpagéjme%éf tf‘nggygﬁifsnager?al <§uee to its design

lthzkpess éhag_ﬁddﬂ“@g 10 maj or way to the structural
rei nforcenent of the lining material, due to its

%o dhide BF hRHS ﬁﬁﬂ@ogﬁ& Hgh Xtqudlﬁ@téhﬁ@trﬁa%hal 283 are

hi'gh strength a e materi
aray araundatheunnet tmsbei hrand arebstillloveatappad @rstheir edges to reinforce

A B 4B R g o
bﬁ‘ 485y er]&rm;q Bgarﬁééh' 'E?%té’érf\ehopﬂfr' r}%tmiat’é?%ﬁ UV light,
steam ot air ter or he firm

dbe rﬁentoomebmmbetweerethe/\nvmomnwdoareas mdatrreates a reinforced,

creates a rtel nf or ced, RLESSure resistant, conposite
HAgssure resistant, compasite tube

Thanks to the high strength and high modulus reinforcement sheets 2 & 3, the
cured lining is able to resist to high internal pressure and to maintain its size

and shape in such conditions.

Unlike the prior art cured in place linings, this specific high modulus structural
construction allows the lining material to accurately fit the renovated pipeline
and also to restrain the pressure inside the composite lining itself.

Thanks to those specific properties, sensitive and / or damage host pipe are

preserved against pressure forces after such structura! relining.

On application of the tubular lining material of this invention onto the inner
surface of pipelines according to any suitable pipe-lining method disclosed, for
example, in U.S. Pat. No. 4,334,943, the tubular lining material is impregnated
on the inner surface thereof with a sufficient amount of the binder held in the
porous flexible layer and to secure integral bonding of the different reinforce-

12
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Thanks to the high strength and hi gh nodul us

reinforcenent sheets 2 & 3, the cured lining is able

to resist to high internal pressure and to nmaintain

its size 20 and shape in such conditions. Unlike the

prior art cured in place linings, this specific high

nmodul us structural construction allows the lining

material to accurately fit the renovated pipeline and

amsnt sbeetsseof thiertubtilar piningsmaterial s iad tohkind d i the inner surface

bl hibbign, Vet St of RfBrs BAE bl dsdd, 3RE! isBRyaipd polyes-
agi Vil @&tep But ehdsdr sLsp@it WPeSa*@fbt‘éférubieUﬂﬁ'case the binder is an

relining. On a%EI i cation of the tubular |ining
neP@f biveds ysads amamatinon atiphatisepelrasninesmial e sefected as a

' ' di t i tabl i pe-lini t hod
R A o Cexanple U S Pat Ro. 4334, 943,
e 088 ar o B lar g Tatelial b PecirsaRit bveptien will now
bthe GRIstraedd in rﬁ?él’@edéﬁﬂ sy %? ofl &xpaklic! exgthpRnwith Ores;:)L%ct to the

secure integral bonding of fhe different reinforce-
nitihulas Hising msterialefor b apaduit | workingrat & parvice pragsuee of 15 bars

SR L6 Bk Waen saliton SHAd ReSloa i b indl nelf B 4pgymm -
0 5 U i OS2 4o et
Ue&¥bn ggw@%f&i‘%g:%@ﬂ@d igﬂﬂﬂ*c'tb_‘a't#ﬁhhihaén' TRmTBY iﬁl%e{vict)%se layer of

selected’as a curi ng~agen e construction'o
thetyethylene(LhPREt Aftealcutiingt atetherwidéimof i1188mimy thevidolated felt is

' ted | .detail by wu f
8ot SRR Bt 35865 B o e gy 788
VAdErdath 6PA 500 CRA WbV bldsBfablic areclolddt aR @9 84#eCan internal
of 15 bars under a 6 nmetér water colunm, and having a

e Mdlh theimiwceedges ogeriapping oo thiecfullilengtipen ai minimum width of
R BB 55 so2e B WafElhad sl o conted i th &
APecilazs e ate madegidtdh % oniEous I HISEER BoPa fiee yams
AR B N b S e S e A el s g

YRS o 7819 B ARG 98 R piheory resin
ceniiting mnaaliphatioupolyanhire bardener.

After evagination with compressed air, in the pipe to be renewed, steam is
circulated in contact with the internal coated face of the reverted lining during 5
hours at a temperature of 85 to 90°C. After complete curing of the resin, the air
pressure in maintained until cooling up to 30°C. The lining is then able to
assume a 38 bars (short term) bursting pressure, and an external load corre-

sponding to 6 meters water table.

As many apparently widely different embodiments of the present invention may
be made without departing from the spirit and scope thereof, it is to be con-
strued that the present invention is not limited to the specific embodiments

thereof except as defined in the appended claims.
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80 mm across the folds off the flattened |ining. The
gl ass fabrics are nmade of 100% conti nuous

mul tifilanment Boron free yarns treated with an

abrasi on resi stant, epoxy-conpatibl e sizing agent. The
lining material is then inpregnated with 10.35 kg/ nR
of an epoxy resin 20 containing an aliphatic

pol yam ne hardener. After evagi nation with conpressed
air, in the pipe to be renewed, steamis circulated
in contact with the internal coated face of the
relt&iM&d lining during 5 hours at a tenperature of 85
to 90C. After conplete curing of the resin, the air
pt.e¥s tulsulan linlgninatarizd fonreihforciabi pipelimes, aitli@ébleTinea pipe-lining

[inin s then e to, 25 ass bars (short,.

er 'rw bﬁéﬁ(.@fg%&@s@bpbr lining Etesiale ﬁﬁﬂng%é@d@aﬂﬁé’osed on the

spor}mé}g;,# B k&S |§@ﬁ§értéda {6 %éﬁ)eﬂﬁé‘%nﬂ%eﬁl%ﬂﬁédyto advance
[y t

de erent enbodi nents o resent I nvention
nay withén el @ipelinBoas tlmbamabulangnmgamaténalssp'rtmrinedam&de out under
scope. t her eof , ) strued. t hat
o oliidt Prasetrs whrasy e tubpfariiping brerial &5 applise to the inner sur-
emb f th l
oo g% Eﬁ%lpﬁéhh@gﬁ%l? th%’éﬁﬁtﬁﬁir Bélngei[;uté?'ggséclprl?lbgﬁeen e pipeline
mat endaihef tubulasi lirfing dna@rqal,psaldntmbulart llrlnng ema'ernah camprising an

wh h,
et Bl Tevet ey Papaivias matecab atid AofVided Bndfe psice thereof with

sur Eﬁ%ﬁhérﬁ%’irﬁ'@fmng ﬁJb‘ul&ﬁéél@i wrﬂér@uﬁthlé' iRR&H r%f@fdih%ﬁ.lbular jacket
all owed to advance wt he pipeline as the tubul ar

| i nEoRphiges at é@aststwomhe@@s pﬁbigi\stamstle streppth andd er high modulus

g;gﬁﬁ%@%?g@ t%ﬂ'ge%lﬂn@n% él’k’ﬁ s%@g#rg'pn&?gﬁﬁp@?!bﬁgﬁ edges overlap at

t heldaishted |6GitRhs, WiRrginssld kienaprpdrien® iopebotheedddtextend in

the tubular I|n|ng material, said tubular |ining

thel lgngdumise iditesor of the duner tubulasraeketand wb@revn dhe overlap

. nn§5“‘?b.8%¥*§ AR BBl obagher B Eons bavbryl he fatten-

r ei inbcfolisnef theltuthaar liing eaterighpr i ses at | east two
sheets of high tensile strength and/ or high nodul us

2l bPRe tlﬂﬂﬂaW}ﬂh? 'rﬁ‘atbﬁﬁl éﬂﬂ&ﬁﬁ 1Wivhréih @Re @Y Ridst o @heets of high

bot h edges over [ east two | ocations, wherein

sai tensile strapgthoan bushlgh rhodulus doateriskewartap by at least 5 cm.

3. A tubular lining material according to claim 1 or 2 wherein the reinforcing
sheets of high tensile strength and / or high modulus material overlap by
between 2 X 0.10 DN and 2 X 0.30 DN.

4. A tubular lining materials according to any of the preceding claims, wherein
the tubular lining material further comprises a flexible tubular jacket between
the air-impervious outer layer and the inner reinforcing tubular jacket.

5. A tubular lining materials according to any of the claims 1 to 3, wherein the
tubular lining material further comprises a flexible tubular jacket on the inner

reinforcing tubular jacket.

6. A tubular lining materials according to any of the claims 1 to 3, wherein the
tubular lining material further comprises a first flexible tubular jacket between

44
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15 the | engthw se direction of the inner tubular

j acket and wherein the overlap portions are situated

at dianetrically opposed | ocations covering the

flatten- ing folds of the tubular lining material. 2.

The tubular lining material of claim1, wherein the at

| east two sheets of high tensile strength and / or

hi gh nodul us naterial overlap by at least 5 cm 20 3.

At Ltbelaarr-mnwm'mgsrmﬂer layer aﬂddhaungelt winforging tulylapjacket and a

\;‘?EE%;BH& E‘%&'bfe ﬂf-b?{lé:rgﬁ S he {-‘:r %trﬂ?mﬁ@ﬂb anjacket.

bet d2X030DN4Ath
| Trivh bHaraiiag Enateua) ercosdng B vl of s Sl g to 6 wherein
C' AitHE Aeibfs %Bhlaﬁi&%kétu&fhﬁﬁséé E't@ﬂtllgﬁw WB{leﬁ *ﬂéli r)&%punbonded

corrprlses a flexible tubul ar ] ac ket between
ai r -matper fleenes oo wovenybraidadior keitted textile a‘tmmremfgﬂewble po-

bul A b | |
Lo odp ahd @bRhiners rAyarsueh Hoan SRR fafel ¢ he
{ndh Eibularinifa Sraterials agerding do gL et tﬁésnrge%qlﬂﬁ)é'ca'ms wherein
|
e

mat dle adturalrartsynthedicmatesial.a first flexible tubul ar
j acket between 14 the air-inpervious outer |ayer and

the A nulswlar ginigo heatedalksu Botardincped adlaim®, awhessiontthe impervious
flexible tubular jacket on the inner reinforcing
t ubinatenalefidbe. ou#er layeq isuwhichi ip @ﬁgemnmtheﬁmlsﬂng of

P RS BT BghO, SLE, bohBslr 6L Boris, poloern o

f el mers, palyolefin d:eﬂolyﬁ'lérel a pohfurethane polyrmersoorean mixture thereof.
brai ded or knitted textile structure or flexible, po-

rmm Rbd| xR Aitteridl¥ ccBHIiRg 36 aAY ¢TRRE pretéding @tdims, wherein
A tubular Itning materials according to any of the

p}eﬂwpwgr layer issair iinpeatious an@orw@er\n s material of
the outer |ayer conprises an elastoneric or flexi- ble )
rit Artabular lising maténals@iceording td @ng .of she piredading ickaimg, wherein

ot B g e atches okl Wahiny iR ronde ot querd Gy preferably

theog;ggqnﬁpn3|st|ng of natural and synthetic
rubbers, polyester elastic polyners, polyolefin poly-

12. A tubular lining materials according to any of the preceding claims, wherein
the inner reinforcing tubular jacket and the optional flexible tubular jacket(s)
is (are) impregnated with a binder creating a hard composite material after

curing or drying.

13.A tubular lining materials according to claim 12, wherein the binder com-
prises a resin or a glue chosen from the group consisting of a heat setting or
cold curing hardening material such as polyurethane, unsaturated polyester,
vinyl ester, epoxy, acrylics, isocyanate, concrete or water glass.

14.A tubular lining material according to any of the preceding claims wherein
the binder binds the overlapping edges of the high strength and high
modulus reinforcing sheets after curing or drying.

15.A tubular lining material according to any of the preceding claims wherein

15



nmers, polyolefin copolyners, a polyurethane polyners

or a mxture thereof. 10.A tubular lining materials
according to any of the preceding clains, wherein 15

the outer layer is air inpervious and/or water tight.

11. A tubular lining materials according to any of the
precedi ng clains, wherein the outer |ayer has a

thi ckness within the range of 0.2-2.0 mm preferably

0. 5-the highhstrangth ansbbighrmotiviua gheatsceompdse g dndwaven.@ woven,

t. di. ' wh [ t [ .
") i braag iR ey Sifcie "RRE of @4, i, A8flige, carbon or
t ubtpér high kRddfus fibSrs(@ @i npregnated with a bi nder
creating a hard conposite material after curing or

dﬁglﬂﬂ%&§mih§%hf’e;§iéf 'a'&bﬁﬂiiﬁ'%tt@ 'digs 19G6R6@in the fibers or yarns
clarm12, eréin the binder Tom prises aresin or a

gl ueonrisencdntinuous engjtilamentds of glasa dike €, &£-Gdhand / or Boron free
setting or 25 cold curing hardening material such as

polﬁﬁ? hane, unsaturated pol yester, vinyl ester,

epoxy, acrylics, isocyanate, concrete or water gl ass.

14. A tubular Iining material according to any of the
preceding clains wherein the binder binds the

over | appi ng edges of the high strength and high

nmodul us reinforcing sheets after curing or drying. 30

15. A tubular Iining nmaterial according to any of the
preceding clains wherein 15 the high strength and

hi gh nodul us sheets conprise a non woven, a woven, a
braided or a knitted structure or mat of gl ass, para

aram de, carbon or other high nodulus fibers or yarns

16. A tubular lining material according to claim15

wherein the fibers or yarns 5 conprise continuous
multifilaments of glass like E, E-CR and / or Boron

free glass. 16
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