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LONG TUDI NALLYREI NFORCED CURED | N PLACE LI NER
BACKGROUND OF THE | NVENTI ON [ 0001] This invention

wo edoane®7s 0 cured in place liners for trenchl eBST/US2004/036621
rehabilitation of existing conduits and pipelines, and
nore particularly to a cured in place liner
longitudinally reinforced with a scrimon a surface of
aliner inlay flat condition between the resin
i npregnabl e | ayer and an outer inperneable coating
suitable for trenchless rehabilitation of existing
conduits by pulling in and inflating. [0002] It is
geneL.ONGITEDIN XNV REINFORCED OCUREDINPLA @R AINER
pi pelines, particularly underground pipes, such as
sanitary sewer pipes, storm sewer pipes, water |ines

and gas |i nes]ﬁt@w%g%@my ng fl uids
frequently requite reparr eakage. The
[OOOl]eak"’I%?s R¥nf6h k déié@@é o LA ﬁl&@ag{ﬁ{i%ﬁ%}?@}efl&ﬁlg% fdiGbititation of
nterior or conducttng port
ex1st11‘Ngt eorlits Vehd/ , plpélﬁldsea’}ndgmdfayf)mwlaﬂ\yﬁw d ramed hig place liner

conducting portion of the pipeline into the
longiwdimablyreingeyced withonssim onjasuefach of adise iokay flat condition between

the xisff ShLOLHER Rusaht' Sl BbbSTmekindug ShEAEMFilte 260 hncntcss
rehabﬁﬁhﬁéﬂ sﬂeﬁgmglédndﬁﬁyb%uﬁﬁ% faQunldTRA installation

of the original pipeline, or deterioration of the pipe

[OOOZJt Seit is %ﬁe}aﬂyosélmo@&gf t e%stfn%ﬁgo%dhﬁ? ﬁ&,glgﬁlmes partlcularly

cor Ive or aprasive

undet@fomﬁla{ﬁlpéﬁ Rech aé BirftafReRer Eﬂp@s tBor@ ¥ewaNPIPBY, water lmes and gas
condi tions such as earthqua or the novenent of

lines Itbfﬁgéfev employed ©n Qcméugtm Hiuds $teqnently requisd mepaar due to fluid
at i .0r ot her PZHCh cause

0
teakalf  KpileaRbeTRy R Euthd o RSy ool Sip SBC UG ERT iioaducting
portloi‘ﬁéif ‘Jﬁ%)m%&ﬁl%t Alférﬂﬁ%ﬁf Ghe 'Ié&ﬁaéé Hiag bkéedd?@aﬁpﬁ%ﬁy & conducting

hi n“t'he pi pel i ne, result Tn mage t
portlmumﬁﬂnﬂmeiglesnw ﬂllersnﬁntmdmg gnuaeninket. cinegthieowasy of infiltration or
danger, ous I ic health hazards. |If the | eakage

extuligafin), fje de lfa éeaW oy thipperaideakags- failure of the

exi sti ng@condwt due to |oss of soil and side support
[0003df t'Rlee teakegs in, the GeGhg Reoduis enayf beedas ta mprepal imgtallation of the

. . | abor ..and ts creasin
origingf PieL Pt oo BBk R Go e iPaIisES e ATOTHRLEY GRot e effects of
conve@/'n&e%o&és&@ ot 'aﬁfﬁldenﬂﬁteﬁ% @?aél&aéﬁ &gnpa)f }\%‘PQ ﬁblﬂ% Hlay be due to
t'he exi sting pipe and rep acing t
env1rmnnentA3)nd1troels uth \sardacthquakesshorl ﬂq&mﬂeeﬂmeﬁm ofltxrps edhiclys on the
h(f pl ace repair or rehabilitation of existing
overhea surface or similar natural or man-made vibrations, or other such causes.
Regardless of the cause, such leakages are undesirable and may result in waste of the
fluid being cbnveyed within the pipeline, or result in damage to the surrounding
environment and possible creation of dangerous public health hazards. If the leakage
continues it can lead to structural failure of the existing conduit due to loss of soil and

side support of the conduit,

[0004]  Because of ever increasing labor and machinery costs, it is increasingly more
difficult and less economical to repair underground pipes or portions that may be leaking

by digging up the existing pipe and replacing the pipe with a new one. As a result,
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pi pel i nes. These new net hods avoi d the expense and

hazards associated with digging up and repl acing the
wW@R@s/0e97pi pe sections, as well as the signifieenUs2004/036621

i nconveni ence to the public during construction. One

of the nost successful pipeline repair or trenchless

rehabilitation processes that is currently in w de use

is called the Insituform(r) Process. The Insituform

P i ibed in detajil jn U S. Pat ..No. . .
riol 85550 w5855 8GR Sl i 2SS MBin o cxisng

pipelh?é%mﬁ%sg 3l %(gg@?s ?{ﬁ&{i%‘lz e{qﬂ:%lgé thfl %5?&95‘ §§s%k?tﬁvgith digging up

ef erence. | he” s ar ractice o

and rdph@diﬁ%ftl@é [ﬁf}ﬁr ocpips sabtieispngateitad kigxsighfidabitlcanvériamse to the
of afelt fabric, foamor simlar resin_ inpregnable
publiavdueng ongiirediican Smeee! ihparast sbeesssivhmipRlneH@Pakiser trenchless

n_i npregnat Mth a.therngsetti.n us abl esin
rehabitFEfon PRESOES K i sertefik £F g Oprrers Raied % FifRiie Process
The MhR@loymPPAsdeks s RREBAHITERT dhil LRAAU.BF Pagss Nd1e4l009863, No.

is installed utilizing an eversion process, as
4,064283 candbeNb.i 4185858211k aoutehB58f wisch wirorall petospergied| herein by
the eversion process, radial pressure applied to the
referefic-erj or of an everted liner presses it against and

into engagenent with the inner surface of the pipeline
[0005%s tInghe staadardrirattips oflthe dnsituéore Repdesoin eloagpied dlexkitde tubular

ine 14 AR SRS B B i
imperfiRAbR e&ﬁmgfmag has %%&@riﬂﬁ)?eg?]‘lg’tgd_dwiiﬂﬁpﬁ HhBRARERIng curable resin is

inflation adder or tube that is everted withi'n the
installed nveithinothe aussting epdlineer Int theauos wiglalynptactibel embediment of that

proce%l\qk;Jl lrt,lléq. gl;lgr: Jgelﬁgégg(g}lﬂgzﬁlg?% eiie\%gslipg lﬁgcerssisaisndeisgg ee Pna%h%d?ll and
‘ 3 =i 1 ce-Ri i Qs P4 y ~ P
958 R L S PEPP I mrg Sl B pdi5 o the interor of

an eveAedGineCypmvess ivagding Wredint® eploaganddtexlth| the tibher! @lrface of the
liners for both the eversion and pull-in-and-inflate

pipeliay pp therinen wafoldsralongthe lgngbuefethegripdine. | By fnsgiuform Process is

o BN A R LR L DS S PO e
using & Eépakdte (i@ SnipdRHEMIA eThti oA BlalA& bNafe thad & eRirted within the
resin inpregnable material, such as felt. Wen

liner toveamse the bimgrsoionpeageaadiitee iroge wadhofSthe pxastingpgpélinesi deuch resin

. of the.liner with the resin inpregnated | ayer agai, o
impregRaed oD A, RS P e TP e HaTeTus bl PiRes] B GCIPP Tiners
and tﬂlgziggcfﬂléﬁoﬂ R$bA:8% h@lﬁ’?ﬁ&aﬂtk{ﬂkn the pipeline, the

Ine I's pressurized omwthin, preferably

[0006] Conventional cured in place flexible tubular liners for both the eversion and
pull-in-and-inflate CIPP installations have an outer smooth layer of relatively flexible,
substantially impermeable polymer coating in its initial state. The outer coating allows a
resin to be impregnated into the inner layer of resin impregnable material, such as felt.
When everted, this impermeable layer ends up on the inside of the liner with the resin
impregnated layer against the wall of the existing pipeline. As the flexible liner is
installed in place within the pipeline, the pipeline is pressurized from within, preferably
utilizing an eversion fluid, such as water or air to force the liner radially outwardly to

engage and conform to the interior surface of the existing pipeline. Cure of the resin is
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utilizing an eversion fluid, such as water or air to
force the liner radially outwardly to engage and
wa@oemsondrs o the interior surface of the existiPQI/US2004/036621
pi peline. Cure of the resin isinitiated by
i ntroduction of hot curing fluid, such as water into
the everted liner through a recircul ati on hose
attached to the end of the everting liner. The resin
o ingregnated into the_inﬁr.egna le material then 8\leres
initiatedyby Brtraciictian @f hot eping ilwid; sughrasgratenine the aierigd Minehhyough a
. the existi i peli f J
recirelfof i ASEA REki3Fa of P SRR AR, THeGEbi ket nto the
impre S8 hiftaidl ARed BurRk dE Forin® alzed etikhtf fittihpetfgid Being within the
~ either into or out of the existing pipeline. The cured
existinggipaling. s Ghe apwdiner effsctivaly s¢rdsh anheragks end repapis pay ipiee section
.wall so as to provide added structural support.for th
or DRI R T I, DEUE A O kARt RaRer i B gr i of the
isti 8lihd.n F& et A5 8dvBYtd Bferpthdn thB-A¥mbipdiR wall so
eXlStH%e?%oa, tggﬁlc?lner I'S I npregnat ed vvithnr esin inlgtrgﬁié !
as to pravide added striactuiab sugpertefoe thei sunropndimgsnvandmpnt. | ed i nto
and positioned within the existing pipeline in a
[0007F0! IveR&edubhia Qurddird placei Bidrs i 6 tiaktaBéd O tie pull-in-and-inflate
downt ube, inflation pipe or conduit having an el bow at
methodhéhel loweris enpreigaatpd svith seisdnihe kame amnagi & inrihe guenssingorocess

0 ccess point, and an.everting bl adder is passed
and pplied R L POTHARIDY hip S GRS M B2 BARPSgeRate. In @
typlcalilﬁég?% fﬁt%&tﬁe G&Fﬁapse IPF?(%;?&&I’J ehcoil% g%?g#‘ﬂaﬁere owet
end iswpésifionedhwithin sd iexigticg ndtmhbdlel or ddvess poist thdnadverarg bladder is
and secured to the cuffed back _end _of the inflation

passedh| theryeh. then dewaivhenppened ¢ip dbdneutbedrbeek  ovies tgemopty of the
horizc%nﬁ%lﬁ)é)ﬁ'ﬁg% %g;ﬁg%%iggwaﬂﬂ ihgﬁ%e\gﬁ%‘&’g Hi‘.)ilﬁﬁ%eﬁl 1ifeeS zﬁ%et c!?)‘flapsed liner

er to pu izont

withirP et dx@dtingf cdnditah Bew pRdiched et Bed seduréPsethel dutRid Baek end of
expand agai nst the interior surface of the existing

the infatietubladdah eAs\eaedingrfluwid, sush aisfaten, intheblfad deip the downtube and
continues until. th | a r, reaches and extends. i,nto.

the iR PHASTHRG P s FEES BIeadet e hcut ol o sitzonsg! Bofin of the

elbow! ddBcARE thd BEMapRES FinECtodgPane tagﬁi'ﬁ@t hBLiBTeHOF sedidAGEhR existing
the existing conduit is allow to cure. Cure I's

conduitni Thatesdrsiyn iofitthie ihftztion rbladdel atontinnésngntilatherbladder reaches and

introduced into the inflation bladder in nuch the sa .
extendsa e rthe davpstrears; maphale i Brsecope acress RAYNG hé\tefﬁal& gme the liner

th ki Se. i Qin .
eSS BB S SS SRR [alE o o, o i
initiatbd BylihiRedudtiohest hot Berihg Wasd: iiodilced 46t the yngiohed IR in much

or left in ?II ace in the cured liner. Both the pull-in
the samegmantgraasethgwedivngilaionyisiel tiegstor the eadenfdhe gverting bladder to cause

the resin in the impregnated layer to cure.

[0008]  After the resin in the liner cures, the inflation bladder may be removed or left
in place in the cured liner. Both the pull-in and inflate method as well as the eversion
method typically require man-access to restricted manhole space on several occasions
during the process. For example, man-access is required to secure the everting liner or

bladder to the end of the elbow and insert it into the collapsed liner.



10

15

20

25

30

met hod typically require man-access to restricted

manhol e space on several occasions during the process.
wo-e00s@x@npl e, man-access is required to secur ePCH®ES2004/036621

everting liner or bladder to the end of the el bow and

insert it into the collapsed |iner.[0009] Regardl ess

of howthe liner is to be installed a curable

thernosetting resin is inpregnated into the resin

absorbent |ayers aof a liner rocess referred t.o

) by a . .
[0009]as Reearginss ofhoav thet Lingstis i Hedugialiehacarable thfypiogetting resin is

. Lnjecti LN g ' Of: | T

impregg Qe FT abtpBor R AT RO nNBERs xofpliNo% "wet

out." TiheMetthiAWrogksa oeacdiiNianslv@niséotagt lesini iy agiiabedrbent layers
l'iner through nip rollers as is well known_in the

throughi ani engl er en openingdonmaed @t theofutereignpesmeaile ey slsgwing g Hacuum

as. | yester, vinyl esters,. epoxy resins,and t.he,li.ke,
and pagRip RO PR BRI PL hr iR TG of & et 1PQra inhe ifipe art. A
. e _ : : o rolald _ a . "
vide 1 BELGEERATILER 18 )y UL 2ip g nd e
like, which mapdm orodifdd watdesiredr I ubjpecformible do ayibizopr iresire which is

relativ{g]%/g%géig ,%grqoZE %qufpﬁg, (rgﬁf leg?c{h,ec?%%:sl 1%3}:1@% %#%eatgﬁ%ﬁijgi?, steam
o JSESERIS AT & HERSEARER i S e

| mper neabl.e | ayers he tubul ar, | iner y be supplied .. .
[OOIOL aOn i |pff%‘¥e%8f‘?rér18r o‘ﬁetﬂ’ﬁ%p%}]ftt 3 1y eg?o‘facf’lﬁg’ u%pregnatlon 15
descrif)éc?g‘f ﬁ{bﬁﬂg&g{]ﬂs.aﬁgceﬁteﬁ bN4.3Bb 9% edwaBH 19 1iRet RasSinB8S and outer

as described in the "063 Patent. Another apparatus for
imperinebble igyersit thattubiier tiheremaf tienstpalibdtfiabandisiitsefotmediangopposite

) a_vacuum at the trailing end of the Iingr is.sho in \
sides of the faticagd st and 1630 aBjsctediiad 3hpef Udesy asdesqriged in the 063

th t [ I nor at ' e :
pacnf (TSGR s PORRROSALEIIDT5EL B Mol REPURe crawing
vacuut bt thetralthgl Bid af eheeinepds kRowt ithi UES. dPdtedtONeV @[182262. The
bl adder into the pulled-in liner froma proximal
conters o8 sachpfi these pakestis allsanesrpetataschaseiaduaieioreseshes t he
di stal access point, steamis introduced into the
[0011pr oxHeweht efforts hapeibetn tmadeniot impefyctiwe epudl-irt hed riefate method to

. Inpregnated_layer. This process offers the advantage
utilizectit f Y@ a lAIER o ke P 4—%%@5%@&@@5@%%%&%- When
t he t Uk i id.. . .
e R L
acces@?bhﬁ%i it P rReN v etle | leGiBr impebfrandd 14y@ravPhid pdcsss offers the
step of everting the bl adder into the pulled-in |iner _
advantage| afdfastee chuer diatp theeineneesast energy eprrisdoe thy sfasrd. aspbe curing
.. € le, in US. Patent No. 6,270,289, the.process .
fuid. (PR, R rPigS SUUAFebiiat | DT A Dedder| S0 thp pled-in
imprelhdtbd HinlPLS Efforts to avoid this step of everting the bladder into the pulled-in

liner include performing the eversion step above ground. For example, in U.S. Patent No.
6,270,289, the process includes everting a calibration hose into a flat-lying lining hose
above ground prior to pulling the hose assembly into the existing conduit. This process
avoids the eversion below grade, but is severely limited into the length of lining that can

be laid out above ground prior to pulling-in.

[0012] A further suggestion to avoid this eversion is to manufacture a liner having an

inner coating and an outer coating so that a curing fluid can be introduced directly into a

4
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above ground prior to pulling the hose assenbly into
the existing conduit. This process avoids the eversion
whelsmgrade, but is severely limted into thePCEDgL004/036621
of lining that can be laid out above ground prior to
pul ling-in. [0012] A further suggestion to avoid this
eversion is to manufacture a |iner having an inner
coating and an outer coating so that a curing fl ui d
can_be intro di rect into apul l.ed-i.n |iner
pulledgins Hagran 4§ S @@ataigﬁs/ efﬁeémtqlﬂéescjﬁlﬁ aﬁﬂwﬁv ff%f@édwm frying to
t i e
1mpreéﬁ%t% gtglg d?e;ghr{f%gﬂé‘ﬁ gleil L}ﬁaethﬁgln 1%?%?‘5‘?%?‘%%@% i@ and outer
imperfieable l’b@étm% eTibeter CO@ingN@niaRipésasntes i@mharﬁlhng(’ihe impregnated
handl i n npregnated liner and to allow the |iner
liner ang u@ealbm th@dmemt@ b@mﬂl@slu@m the egistingicondwg ape shg ey coating is
d 8 |s deSI"%%ttO all for curing with the steam
esnre(fi ‘W’&‘@ﬁ THER d| amat er 6 mmthick Ii ner

wei ghs abaqut . 7. 5 _ounces fooa rior to. wet

[0013hpout tepiERuh gg:h&lamggqrrﬁ 51@9 thiglg dingk &’ei%ra@Qth édounces per foot
prior ! e\?/&{ 5\%”%\%@1& % oxg}?ﬁpl }’r? B?lf 1%' ﬂafenl éﬁ@éf‘fatécg 6%?41\9@% it Rlmost a

seven !Bl bre@ée #nl W@l@hﬁt&d&ﬁﬁ 3t50p<ﬁ1n|d@ per ffot.3BDtHIO A a 200 foot length
stretches about 3 %grcent in length. At 5000 pounds of

of lingsubjeticod landhofl 3r@poundy stsetelascabons Inperserismzkngih. 44t 5000

poundREHaRL e ifiy Fusr SR CR it 8% g0 pagp RS, ugen typical

300 fodt 1WRE 8BweRh thitfholdsnBhy k@Etch 35 GRIchHs@MRfeRf. The®{Sease in weight
nmakes the load required for pull-in even nore

of thes liaggdor taggerTﬂnametdrhlmnmrs anakesi thailbad aequitddnfarapilbms eyen more
the |l ength I|ner hat _.can be pul | e The .sa

Stagg«?rgl& r &é‘uﬁaoshﬁr‘b AESaP GRS e HERONS glbe dl& t‘g liner that can be

pulledaféld el:ﬁeos%h%qg'gr]uleaye lg?@drt&t éx? + 9 lta%e? fd?e[)ng%%éleflﬁ}l#lgvm Ves

re|n orci 0 the

0014}, " s, SheifE RS bpailers iBepks SRLDR o 3B g1 Bigfortive fibers
into tﬁ’@ﬂﬁ&d B é%&%‘gﬁé 1tnh@ J. &%lkdh 385 5§63 69 ﬁXﬁé’bSonneﬁlli‘ ®f reinforcing

I'i ner. The webs di'sclosed are in a graphical or grid
fiberspatstitohad or famedbohdudgtiot artti eiathefretiarabhedbant blg'etsh@?thb)hner The

radial fibers, cross-hatched or .a_cross-hatche
webs gisclpspd Ao 4 SEPhEH ial &n 2Fid patern, [rerdudn %}W@n@hgég held together

by racgv ot &%ICQ&% agcﬂgﬁgoirea%%s:c ]?alg@]red%éﬁ]%llth%ﬁ dc{}gfafrbr?ernged ﬁb(gs

i es I n han

tt themto one of. the res r bent ers
00153 1 apye Jass %J.f;&es S aeisss, e DA S e gelable, there
are dlfﬁ@llﬁ% 1ﬁl1‘f§f1@1'i %n':‘d H@édﬁh] g 1KgQ)rnegf e resin absorher et layers as
ccor ngl'y, | |s e

I nstallation. esirable to provi
a heavy webgertdsdo hahdey 1mprerg‘natiole dnd retitice the circumferential stretch need for

CIPP installation. Accordingly, it is desirable to provide a longitudinally reinforced liner

that can be easily manufactured and avoid the difficulties faced in the prior art.

SUMMARY OF THE INVENTION

[0016]  Generally speaking, in accordance with the invention, a longitudinally
reinforced resin impregnated cured in place liner suitable for pull-in and inflate
rehabilitation of existing pipelines is provided. The liner may be continuously formed

from a length of a resin absorbent material having an impermeable layer bonded to one

s
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that can be easily manufactured and avoid the
difficulties faced in the prior art. SUWARY OF THE
WO BMENIIODN [ 0016] Ceneral |y speaking, in accorBants2004/036621
with the invention, a longitudinally reinforced resin
i npregnated cured in place liner suitable for pull-in
and inflate rehabilitation of existing pipelines is
provi ded. The liner nay be continuously formed froma
| ength of a resin absorbent material havin

surfacé figraredeiaty o twhujer shepeaed seeed Vit HedswerBEakle et gngthe inside
bul d led wth.the | . .
ofthe FHRY} s BORBRTRE 382 i Pabal OB TIE g Bateria

in tub@dA kPR ithpeghste@fwilie 8 itRerlaefhiAgtesifRidrab firthl placement of
tubular form and i npregnated with a thernosetting

the outerséaatin®y & eeritnohdving gredtecsinergth @i thehwamudiectionid applied to a
a scri havi n reater strength_in. the.warp directi.an .

surfacs of s lpHace SVRESHRed 50 CERaalY e S bheRieddn o width

to cov{ei(;I %goutG&[flee-g@el ol IR-BATF b blpeP&ir@ ??(}eire%‘ée'aﬂdais‘éﬁﬁ'ﬁ@d to the

over about one-quarter to one-ha of the tu

flattened rsuitshe serfes. anth osteapplpeadedtie tihgerf mayhee applidibtd ¢hm tube by
surface. An outer inperneable |ayer nmaybe applied to
everting\a tulbmef bypavesablenmaterialgatoothe; irper WbHISr angrab@;3ssthe tube and

._onto.the inner t | ar. I i .
scrin L2 546 4 B0 e BB B bl R S8 opgty wi
an im&ﬂﬁe&@l@'ﬂlﬁﬁ continuously with an inperneable film

[0017] The scrim provides |ongitudinal reinforcenent

[0017@2?;@8&{6@%&1‘1%@%‘% 1§+%1E|Ilﬁnr%&§ﬁ1%?c%leﬁt d fs%sitio&@%iaﬁgl% bottom

Increase 1 n | ongi tu

half of thieehigdrhandl dcdwas & @ullpiul dledgThis wbrdasnin lomggtidimabttrength allows
liner, and substantially reduces stretch of the resin

for pullipg-oymdt letg | lengths fr livgy, sof| substantiagliy spduses gty Py the resin
) it .is.. bj ect ,.of the i ti t i d

impregnase Qg FERERENal |y rei nforced cured-i n- pl ace

100180 ghsPraBERE LI o heoPPEIR FF |18V 4Gopr gy EVils an improved
1ongith&€85ﬁg?&n théa%r&ggn-gﬁwﬁiﬁsf IV R idr@P Shbatlieasld %agng.

rei ntorced i ner having an | hner i hper neabl e coat i ng.

0020 ot her ohject .of the inyention is to add
100194 o7 AUt APeEhPInERASVSEEE b1 15 RepPRe; SbaPna eqpythod for
manufabfﬂrﬁlﬁlfaol%ﬂ frtfhng) ezx%fbﬁ%egglﬂﬁr 'h%@i%’ig aﬁ‘?ﬁ%'ﬂg%ermeable coating.

iy
Cl rcuitf er ence street 2 rther object of the

0020, SRR Bt R B PRV ST e o o
CIPP RItRGBat wilelimBYothifRIAsd] Rfe@®h StigRfut ®dducing circumference stretch.

[0021] A further object of the invention is to provide an improved method of
manufacture of a longitudinally reinforced cured in place liner by disposing a sheet of
scrim on a portion of the outer layer of resin absorbent material before an impermeable

wrapping is everted about the inner tubular layer of resin absorbent material and scrim.

[0022]  Yet another object of the invention is provide an improved method of
continuously manufacturing a longitudinally reinforced resin impregnated cured in place

liner having an inner and outer impermeable layer.
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scrimon a portion of the outer |ayer of resin

absorbent nmaterial before an inperneable wapping is
wer@shed7about the inner tubular |ayer of resiPCT/US2004/036621

absorbent material and scrim [0022] Yet another

object of the invention is provide an inproved nethod

of continuously manufacturing a |ongitudinally

reinforced resin inpregnated cured in place |iner

havi nﬂ an inner. and_outer inperneable |ayer. go&s% .
[0023]st i Btillaanstiresy obipgteet ther musatipmis ioi BAVIA § 611% oY iterpplying a

.. et hod. of applyin i tudinal rej . )
ongie i BRRGY 3. Cp Rt M85 GEPOBSGETERL i rdhout v

resin. F€sin. [0024] Yet a further object of the invention is
to provide a nethod of manufacturing a cured in place
lin i ' r : ' I i
00241 et ATHHES, ST o A R i LTS B AR o T E b il fucturing o
cured [PQ2RE 1Hidr| havixidéee bindchseraiidpatheableapgsrsofor thudl-in and inflate
i nvention will in part be obvious and will in part be
trenchlgspripshine fnstAiating. specificati on. [0026] The invention
accordingly conprises the several steps and the . _
[0025F el &tillattharfobjeets and adwargages of thehinsegjpan willtih ped dgebdyious and will
i each of the others,_ the apparatuses enbodyi ng features
in partdye appaent fiem, e specHiBiiut i ons and arrangenent of parts
that are adapted to effect such steps, and the )
[0026]r odibetisvantian apedingly earaprisea tha severad steps and Eherrglasign of one or

operties, and the rel atjon of onent s i gh. ar
more G QR FIbE St RSheh 5 8 BHIR Bl SRTRERL i s s o
S irfat] Ne h steps,
consef e CORE A L BBRRALY HP R i b it st
and theuprogtcts nikerisissesdithey chirattanstiosy fatires), propdrées rand the relation of
had to_the follow rl% descyiption tar?en,i conne(% [

C i on
compagents, whichzee evgsaniifieddn &h“a{ﬁuﬁ‘g% detgilpd gisclepurs, 60 @16 scope of the
. FI G .y s r; Chl: view of a length of a typical
lnvent}ogg‘“%ﬂ?én%ggaﬁgﬁﬁgl%c%érle “in place liner suitable for

use in lining an existing pipeline of the type
general | y i BRIER DERGRIPAIONWIH THEADRAWINGE art ;
[0029] FIG 2 is a cross-section view of a cured in
[0027P! ad®yr!d Rfler RMEREBNHRBILR i indéntlcd, RéfRfenesBNha@nd the following
I nner and outer inperneable |ayers constructed and
descriptiomatalyentini sonaceondwitic theviceompanyingdrening); in which:

[0028]  FIG. 1 is a perspective view of a length of a typical resin impregnable cured in
place liner suitable for use in lining an existing pipeline of the type generally in use today

and well known in the art;

[0029] FIG. 2 is a cross-section view of a cured in place liner having longitudinal
reinforcement and inner and outer impermeable layers constructed and arranged in

accordance with the invention;

[0030] FIG. 3 is a schematic view of the apparatus used for preparing the inner portion
of the liner having an outer felt layer with an inner high temperature polymeric layer used in

connection with preparation of the cured in place liner of FIG. 2;
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[0030] FIG 3 is a schematic view of the apparatus
used for preparing the inner portion of the liner
whanisogeoan outer felt layer with an i nner hi ghPCT/US2004/036621

tenperature polyneric |ayer used in connection with

preparation of the cured in place liner of FIG 2;

[0031] FIG 4 is a cross-sectional view show ng the

structure of the inner portion of the liner produced

by the apparatus of FIG 3 before being inpregnated  in
[0031hcc &ldathdea wrastrsediionplNigyshewing @%chtmecgfp@e igneg portion of the
. sche ¢ 1n el | ' .estn i ' .
tiner pRGHLRRY b SpEEiiE G PP o RGO P LecRAR ith he
inventidae tubul ar nember of FIG 4 for preparing an

inpregnated | liner in accordance with the invention;

00 I j - hQk ' ; : ;
(00324 ¢ 36 51iCay Enirdathe £l AERARRSLANY reth b e AR gratipe with
longitiidikat reifcrogmentrimdorapping @F4he ftibGlar tnémbea afrkISs 4sfec preparing an
. of the |liner preparedby the apparatusof FIG 5; [0035]
impregraggd @IPPslingr ér Aeserdanee Withdhe Py enti showi ng wr appi ng of

the tubul ar nmenber exiting a resin inpregnation .
[0033hppdiGt Gds wictdssameciiartadvicvoaf thegedge seakes imthet feeling and wrapping

| iner_through a tuhe stuffer having a tubular wapping
aPPaT%*%PéEiIQh?’eﬁag%?l% m[e(é)éﬁ] FIG 9 is a cross-section

of a |liner wappedby the apparatusof FIG 8.
[0034 DESERGPT LONcIoRs-Teqti opREfERREDPERBEDbYENT @jasgBy pf WG. 5;

resin inpregnated cured in place liner prepared in
[0035hcc@IGarscs aMstherhdte imelenstionnshvesing wiappinguaek thel tubular member

__reinforcing scrimso that is can be installed by the )

exiting @| 1esin jEpEESIRHON APRATARE TGth aWRBIFT S0aWAg BY BRSNS B wet out liner

Lnteqgral o nal i I ' be infl ated
throug adt%gﬁ ?@geahﬁhﬂga%@%ﬁ ﬁ%lhg S%?%/ oS{e‘b{lﬂ@%se Iof an

| nflation bladder. A liner with ipner inperne
10036} py dfiCs i F 5T SessioRSE e arY Booeh BTG SPBRBREIC: f

continuous lengths. It may be inpregnated as it is

assenbl ' rRNQH & 1 MmEERgSary to

irrpregngﬁgtg{l a enfé %ﬁ%gy{?ggn absor bent

tegial: b j : a u at | ] .

1003705, A iB3i8, EOASERAT ouPfin RS et bitpafed®h BRiBtR with the
invenflon hhsigtloagiesdifall degolligy itiredol thaplsaed bé istalietl tyhthe pull-in-

‘type generally in use today and well known in the art.
and-inflatemethpds oWien prensrecawith aadntesrsd integpal irapermepbleydpyirdt may be

inflat ! %}i[dgcalirga&fe nae éq%?ﬁgﬂ{;ﬁévg@%utglgqc%&?f £ il;lﬁla{iorll %])é%(rier.l 2A liner with

inner impermeable layer and longitudinal reinforcement is prepared in continuous

lengths. It may be impregnated as it is assembled in view of the increased effort
necessary to impregnate a flattened liner having a resin absorbent material between an

inner and an outer coating using convention vacuum impregnation technology.

[0038]  FIG. 1 illustrates a flexible cured in place liner 11 of the type generally in use
today and well known in the art. Liner 11 is formed from at least one layer of a flexible
resin impregnable material, such as a felt layer 12 having an outer impermeable polymer
film layer 13. Felt layer 12 and outer polymer layer 13 are stitched along a seam line 14
to form a tubular liner. A compatible thermoplastic film in a form of a tape or extruded

material 16 is placed on or extruded over seam line 14 in order to ensure the
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filmlayer 13. Felt layer 12 and outer polyner |ayer
are stitched along a seamline 14 to forma tubul ar

WO 20vs046923 conpat i bl e thernopl astic filmin a fpewusiooao3e621
tape or extruded nmaterial 16 is placed on or extruded
over seamline 14 in order to ensure theinperneability
of liner 11. In the enbodinent illustrated in FIG 1
and used throughout this description, |iner includes

an inner tube of a second felt |ayer 17 also stitche
impergleabiditn of linen 11.n&n grssembedimgniillusirpisdan K. f radiused throughout

other. th cation.of ut er
this dF%Cf}lé)ith ﬁ ? Ermﬁ(ﬂga s ?%%}er Srgg‘én o% R %ecgh)}ﬁl[gnlt q%egrl’if g SB st1tched
alongtafk%ﬁmflﬁ[é@p@ﬁﬁéﬁéﬂ W Bbint HPME b ther tlihﬁ théMdRkion of seam line
i npregnation liner in a continuous length is stored in

14 in auteefelt hyenl 2.0 Outari felttlayes U R pyids olymembayer d 3ds tlenoformpeé around
Llne i.s, then cut to a desired | ength

imner [ 1t By Aeh SeRESERIaR G B o oopingouy Enigfitis stored in o

refrlgf%gglg]uhﬁ It@?ﬁ F?svlﬁ’gﬁlt%glrg Q%uﬁ (tﬁs}?? geiéir?t Lﬂl@&?%ﬁ’?{{ieﬂ%ut to a desired

ner
length afperbedabbullddinv@tierexisticgaipelinEhosiswiuk briat tobeing evérted into the
an air or water eversion as descri bed above. However,
existipgP@eu®l in and inflate installation in accordance
wWth the invention, the outer coating on the |liner

[003%9%heed inat V1 betheulpe ﬂlwstrlategi in iher ilmlsahnleertrmab]el towdterand air. This
handl i ng wet-out and retentjo in and.to

will ol Pt N FRG 8 P TR CTI RS S4ibeq o B | BV elo 1 @ull in and

inflat& )ﬁ{s%e{ﬂalﬂg % pa%t:bf@n?é %Ot}ae ff&erfﬁ%hg e J)ﬂlt@ﬁF iﬁggﬁ S‘Pﬁﬁshner need
0 abl'e eria

vera ayers elt or resin |h'pre n

only begufheietise ﬂnpﬁeﬂldableatyb@ﬂlﬁwlﬂ)r ansl Hahdhiay vise-oudtbd adtetion of resin
synthetic flexible resin absorbable material, such as
and tqpreyensidamags de Je Engs@isyios oplled rdo the eXisiBIeRIRRlNG | ber s
such as glass and carbon. Alternatively, the resin
[00404bs d?d}elatgenﬁﬂner dameterg, teverl lgens of figde omml’ui imb]'relgnalﬂls material

may ‘tgf:gus%gt j‘[&lthlﬁn? abldp](j 9%53)&1;}23@%2}/0%53(” }c g{;erlesm a%sorbable
matertal C%ﬁ g \?m%l?é@t coﬂdAg@roPglené‘ °1|n}5 aﬁl%c?ﬁﬁ%h Zs?c{l/sas glass and

carboR O R iemgatbiely, |tH¢TEeshQﬂl§boﬁlgant @atEinl nqayhbé a §odt e Mr@eimeable film 13
means can be used to join the material into tubes. In

on opigs impnegaablgt &yer nlal maVr bachl selyolefimbpugh asi @elyethylene or

al I ati.o t he eX| L0 r ed
polyp{GHIEhend “URY RAERT DTS TOBOADE Alftide ohg R FEg e as is well
knowg in @hd AR IAHdfoA éﬂseﬂﬁh@faﬂh@ﬁ@'e sohdEEgion ffh'n?ecﬁoﬂdlﬁg.? for any other
prepared in“accordance With the invention is shown in
convenriad snems tdaorbe Usedeto Pin itlse materlal into tubes. In the initial step in all
trenchless rehabilitation installations, the existing pipeline is prepared by cleaning and

videotaping.

[0041]  Referring now to FIG. 2, a longitudinally reinforced cured in place liner 21
prepared in accordance with the invention is shown in cross-section. Liner 21 is
constructed in similar fashion to convention liner 11, but includes an inner impermeable
layer 22 that has a thin felt or resin impregnable layer 23 bonded thereto. Inner felt layer
23 and impermeable layer 22 have been sewn along a seam line 24 by a row of stitches 26
and sealed with a tape 27 applied over stitches 26. An outer felt layer 28 is wrapped
about inner thin felt layer 23 and formed into a tube by stitches 29. A longitudinal

9
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constructed in simlar fashion to convention |iner 11,
but includes an inner inperneable |ayer 22 that has a

wo hoos/ofi@l7s or resin inpregnable | ayer 23 bondeBlCT/US2004/036621
thereto. Inner felt |ayer 23 and inperneable | ayer 22
have been sewn along a seamline 24 by a row of
stitches 26 and sealed with a tape 27 applied over
stitches 26. An outer felt layer 28 is wapped about

inner thin felt layer 23 and formed into a tube b

reinfoggIng SHEE 3B is Alspesrgh e dhinbotian of ussTHgltayene &3 Fﬂiy lly, an outer
i . t. 8. .
eyer B SRRGFE 30 R RR R YR PO 98 Toppypuy overta

over dwBefold abera?8 g6l @liatsaﬁaédfg Ze@lBD BOHChPLIOAEH Yin@¥EHiteflimpermeable
over outer felt layer 28 so that an edge seal 32 is

layer 3 heapsllbadescriheddn noare detailhséaweabl e | ayer as will be

! described in nore detail below [0042] By

[00427an By etamuifavgurdngd brifer iim thih nsanen rieis néttndcesdagy to evert the liner
. necessary to evert the liner during installation or )

during ystallagion; off evart an ipflatinnebladdercafterhie| lines hag pepauiled into the

oull int S . ‘ Ctudinal .
e L Coleh e S sERpALLE sk S g of tnger
length fRAE Bvaddidgestisten %&ﬁh@feﬁ?ﬂﬁr&iﬁgﬁf lin&ekgmt thi nning of

liner wall. [0043] Felt layers 23 and 28 may be

004 PEADRYE a0, IRBBBEE) G g g v

Alternativebg el églon 2B and<daresfast Im@3ghated it adirgrdribth®h is applied
out er i nperneabl e coating 31 is_applied. This avoi ds i
and thew ayiter jreparmpabler pogtingr dhriatanpdicd: f iThiss peeids j therdifficulty with

oY TS ol LRGPy SR L5808 o
and offRR lif;?ﬁégﬁhﬁlé Tay&n e 0355 hthlifachired fm eAaksdrdIR %foﬂat coated

and ain felt and continuously inpregnated prior

felt andtplaig Gilt land coantmnB8eusy dmppggnatest pruor 06 maticg witlappiimg33 and
.31. Thi be . i.shed h h [ h .

ot 0 b ST RS 9%, RS g e

oy ERAGETY 0 Bhd SSSaNes J, FhS0s) S s

FIGSt2bed7by stitching and/ or taping, any of the
conventionally known nethods for formng felt or other

[00441 €S| WhildHeRURPRE @3NHR{ders ate foMRdtiHRERIbES b§p§tﬁaﬁhg anfiRF taping,
exanpl e, tubes can be forned by use of vafrious glues

any ofrthadheséntenaly lwevn astddanfer HomdinggfeltTapethenyedie impregnable
SR 5y e ot sk UL B0, LOCEATRELIESP S e
o k158 Ry THAELTARE' Qo ] Rl e 2 o
inner impermeable layer 22 by applying an adhesive strip or extruding a layer of
polymeric material in order to seal the butted edges of the felt material and the holes

formed in layer 22 during a sewing operation.

[0045]  Referring now to FIG. 3, a method for continuously forming a length of a tube
or resin impregnable material with a sealed inner impermeable layer is shown. A roll of
coated felt 36 having a continuous length of felt 37 with an impermeable layer 38 is fed
over a directional roller 39 in flat form with coated side facing roller 39 to a tube forming

device 41.
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formed in layer 22 during a sewi ng operation. [0045]
Referring nowto FIG 3, a nethod for continuously
wo evoiom7a | engt h of a tube or resin inpregnabP@r/US2004/036621

material with a sealed inner inperneable |ayer is

shown. A roll of coated felt 36 having a continuous

l ength of felt 37 with an i nperneable |ayer 38 is fed

over a directional roller 39 in flat formwth coated

side facing roller 39 to a tube form ng device 4]. ,
[0046]10[ DksforTurgedéwicarit hnaiedes egubwler sinporiaframp ddraving a proximal

suppori fra 2 havi r oxi,mal , end 42a, and
end 423 RSB P ST SE AR ot may b
. . . 1 n t H H . t d
soving B8} AL RIS, SERNEDS, Tl 90N AL, i, mouni
above Slgspoet Bauppart Heled® with infetmedble hayteh 38 fpengealiére3d wyled in the

fak . . . )

direction Qi1 pHEW fhafo &b rEPTah e ING. HEUIES dsTitss] efe it is
i s.deflec i

b e L

44 alofBaiMsddni 2ind64eViviith Fett B730h @ik iltdd axd depamakable layer 38 on the
| per neabl e | ayer 38 on the outside. Tube 44 then

outsidpa¥dsbs 44 thempassescretaping devicarsh where afgpe 48 i Hlased oxer seam line
over seamline 46 to form.an inperpneabl e coated taped
46 to fp%@nm@e@ge. c?aéﬁﬁt;a})eé-gg)gén?rﬁﬁ%r ﬁrrber 45 then
continues to travel along tubular support frame 42 t
[0047]an Tepedt e mempersts ten cRatinestia trayplplerg PpYTE Argme 42

42. Taped,f ub 5.1:S. t:h [ t
o et 0 4 e RSB U5 2T RLBE 43 PR vertea
into tubdfir A8pPdrt aBR 4D séshdttindpsriaedbiel taen 38 riomotwhen phieoisitel of tube
end of tubular support frame 42 along a line defined ,
45 as lityisawithdraww Bomathet pioximai end eff srudar suppertaBamgst plong a line

derinelYeLNES) B | KL, L CLOSREREOAEN JaFh bl ncross
sectiof th FIt§ zg%‘it’ﬁiiﬂlgegﬁéame fa?'ef 58 bh%he ShRIecemdl ek 15y Ben 8 Sutside.
(0] sSse | rec

r my be pa 'y to a resin inpregnation step
Tube 4 thehni@ed dorfirttas usbowmaynbd-p@sed dpectly te e resinampregnation
wrappi ng. [0048] FIG _5.ill ustrg,te in schematic
step andyysiRigreemest asShawvs ipBIG 2Prigrig alaf WBRPBE: Here, tube
45 is pulled in a direction indicated by arrow by a
[0048Dai FIGf Srillbkeates tv sctethapigl iltipregnatiph exf smpémélssy tapechtube 45.

re, bR bl B3R i B AP AT e covre
pullinf 811&s 328 4 59503 b6 ©BNRERGoRer WL “Iin tower 54 is filled to a
predetermined level with a curable thermoset resin 57 to form an impregnated or wet-out
tube 55. Tube 45 passes over roller 53 and down the full height of tower 54 to a bottom
roller 59 that turns tube 45 in an upward direction to a pair of calibration rollers 61 and
62. Tower 54 is between about six to fourteen feet in height, but can be any height
sufficient to provide a pressure head sufficient to wet out and impregnate the outer
impregnable layer of tube 45. The height necessary to provide sufficient head to
impregnate the impregnable material is dependent on the viscosity of the resin, the

thickness of the impregnable material and the speed through the tower.

[0049] At this time, impregnated tube 55 exiting tower 54 in the direction of an arrow

D is ready for adding the reinforcing scrim and final wrapping with an outer impermeable
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tube 55. Tube 45 passes over roller 53 and down the
full height of tower 54 to a bottomroller 59 that
WO aa4d9abe 45 in an upward direction to a pai PCDS2004/036621
calibration rollers 61 and 62. Tower 54 is between
about six to fourteen feet in height, but can be any
hei ght sufficient to provide a pressure head
sufficient to wet out and inpregnate the outer
i npregnabl e | ayer of tube 45. The hei ght necessary_ to .
coatingy cWiselshewn fip &ilend adiagant to tPwist &4 ane ECHINSUPRYT & Addp avrapping

terial is,d dent h i j : ' : :
an s, i B2 ST Db o RS R Cbe LGl reintoring
scrim SRE e Jcrfifr P8 S fddngp oQ¥eh ted B8 Bhr O rdifdr 77t aiinto contact with the
i npregnated tube 55 exiting tower 54 in the direction

lowergforaon af weteubtite % algrithdi6 iaddpng a sidficienhiepsionrag it passes over
. SCri nd final wrappjng with an ter ipperneabl e )
tensichsal’ FAOT 1 COPEHONRD Metrs e 50y ctd By PRRgand o achieve
et TR o S AP 0 50 kL g e sng
a dirdctiogiitdidatadibyrai afrowcDh gnte clotmrer” pipe et bfnfili weapbéd agd sealing

_over a tension bar or roller 77 and into contact with
station |98 ang\ibe B4 o iimperneakde sipterial b cvtedsp dnpregnateddype 55 and

' e ) : ;

srin%s S4Bk LRSI e Lo RS0 AU VESERLE T2 B o ccuo

seal 73! BChoARdn icPoREREEMIELFIGCL.T WarapSddubE TanE pulled®®§iapair of final
I mpregnated tube 55 and scrim 76 are then pulled along

pullingrroHensi 9eantd ®hand fidcalong abywrraw Brie ewefbigeraied tiugk derr shipment to
. pi.-pe. 64.0of filmw apping and sealing station 63 and
anm£ﬂ%§°‘?f“8’f i nperneabl e material is everted onto
i npregnated tube 55 and scrim76 to forma wap

[0050d gbeFi ‘16@91’1@@ andpeee Hag sladion ilethonatiph iy 5 mclides daafﬁmner pipe
o4 naGit bl 93 Bl B B30 8T b eb bt Pppifgned sbove

the micdkdgiof of Jornét APSl 6i e AIIPHE ofR r&if EhErmedbR film material 67 that
refrigerated truck for shipnent to an installation

is to be tverappabaigjut Bitpreguatgshiubg nds steisl fedgnst direatorgBdicated by an
shown in FIG.5 jincludes. a forner Rpi pe 64. in
arrovs [, todempain . S Res: PaerORibe ANhDRg il o s Tedayagp roll 66
aboutPsePRS of URBRT AR S0, Gubla BRFL B p Bair dTRVe RUIBR @¥ and 69
as filins67% 5 feé omeamikds d0outd tonformgnpipe b4t uhaledlects 7ltandsonto former
d.in a direction indicated by an fi\rrow D i

pipe (PG tophapRE B4 INFLGFEP TOHPE TR TPan AT iabe e & With an dge
s LI R R0 50432 BB Ry S o
forme? YPipe 64 is pulled in a direction indicated by an arrow E to inlet end 64a of former
pipe 64 whereupon tube 72 is continuously everted into the interior of former pipe 64 and
onto impregnated tube 55 and scrim 76 and pulled in the opposite direction indicated by a

dashed arrow F.

[0051]  Referring to FIG. 6, a cross-sectional view through sealer 65 and former pipe
64 along line 6-6 in FIG. 6 is shown. Sealer 65 forms edge seal 73 in film tube 72 as film
tube 72 passes over the outside of former pipe 64. Once tube 72 is everted, edge seal 73
is now inside wrapped wet-out tube 74 as it is pulled from outlet end 64b of forming pipe

68. Outer impermeable film 72 may be applied prior to or after wet-out. In the case
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as filme67 is fed over rollers 70a - d to forner pipe

64. A deflector 71 and onto forner pipe 64 prior to
whedsg4doesl i nt o edge sealer 65 to form fil m 67PCTUS2084/036621

tube 72 with an edge seal 73 extendi ng outwardly

therefrom Tube 72 of inperneable material noving

along fornmer pipe 64 is pulled in a direction

i ndicated by an arrow E to inlet end 64a of fornmer

e B S PR AT ol A S b8 o e
oSSR RTISIs BRI 1040, PRP R i

[005 S;FFeI:G.gilgngaeg}aﬁgarlte%}ag@%za}b%% { Igp ?ial @\ﬁlgﬁl\g aﬁrhhg)lgt:égi]mgermeable
tube BS abbavvimpiegakied t0be BT [¥BsIRAEE c8RRh1Y 35! 8D, T IHER: LUBE 552may be

) as filmtube 72 passes over the outside of fornmer pipe
impregnatedria dhe gme TRatiner @y dles@thedad gwnsection7@ithstomews7 as shown in

1. 754 S BRI R e ks b e e o
. - . i.ed:-.nrd : - af.t t .
okl 122D e MR 5 00 gt o

Referpnegpameetalsissisedvin FIG.A e adpliad focidestidat elenyentohdrobe
formng assenbly in FIG 5 and provides liner 74 shown

[0053]n CAGEppISesitd fBxible fyferméablb 06281 K 8ad8d io!tn{dlﬁfef&&ﬁée surface

an alternative apparatus for wapping an outer
of stuiffep pipredblhevingan Biictabyuud3a apt eyoatledertdiBeb 5 dmipseghmdntube 55

. gener al | s 82, .Here tub 5 y be inpregnated in )
teavirly B8tk 5ain i i et PROEH phERERT BY h Ae(tHoR Shenters inlet
i (P - Si . khank wed h .
e 530 RO ity 18 BRI S8 Dl i
and ewérteglctbionnindét eandr83a iBto thetinside sf sthffer pige% 3%nR8lpd dmpfegnated
| et. end 83a and an outlet end 83b. Reference

tube I'P]gr?érﬁl leayes guidel e BPL  Thisr borapsphi eunpletei Hoert i86ahaving inner

. . | f flexi . :

oo BB Sy bOGE AhahrBBBlhaRhe B wunapongogine

is ren@ived thorh ettle Rl $H baMuTer Adei B 2 PRF ARIHVRNAIBR 87 and 88, or
out|l et end 83b. Inpregnated tube 55 | eaving resin tan

other gulling degigeisheln as tihetorse ia 3ectidn oft arf dreow [H. pWhR anAstruded tube
. 55 enters inlet.end 83a.of stuffer pipe 83,
is use 8T Bt nte T iSnp rrads gner PHecBuRbIGe0BRE 81. The sole
limitafibhlfof Preking 1BBe 869n IHB ﬁg]:? eRLBofS L
t he i%g?ﬂc?el gf s? up 151 Iér r;siﬁrl)e gl?fg{eelﬁg o%@%ﬁpﬁgﬁﬂﬁlgt 81 that
can beuplec&b oas stuffet eabeB3outlt dtas erstn8RlundTHhas LIS @00 feet of an
li neéEf 86 having inner inperneable |ayer 38

imper TablS, 15 GHpey RORBREEOMNING Surbithe. 8 sbpeto0ube in longth
Longér3&gtf¥can be stored on longer stuffer tubes.

[0054]  FIG. 9 is cross-section of finished CIPP liner 86 as it exits stuffer tube 83.
Liner 86 includes inner tubular member of resin absorbent material 37 having an
impermeable inner coating 38 sealed with a tape 48 as described in connection with FIG.
3. After exiting stuffer tube 83, liner 86 includes outer tubular wrapping 81. In view of
the fact that tubular wrapping 81 is a previously extruded tube, outer wrapping 81 does

not have any seams as liner 21 in FIG. 2 or liner 74 in FIG. 7.
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is renoved fromoutlet end 83b of stuffer tube 83 by a

pair of drive rollers 87 and 88, or other pulling
walensoe933ich as tractors, in a direction of anPar/uswo¥036621

When an extruded tube is used in this enbodi nent,

there is no seamin outer inperneable coating 81. The

sole limtation of preparing tube 86 in this manner is

the length of inperneable tube 81 that can be pl aced

on stuffer tube 83. It has been found that about 1,000

[0055 eetOnsr aijhg Wﬁ’@ﬂﬁ’é% s@,tr@n@r@%amkwmﬁéw&gr@mdcﬁube 74 or 86

naving it Reptt SR8 1P SheistobGF aretuielPP oftopbBRY grpiigrendy for
installatiéh b i@ Pﬁﬁaﬁ&—ﬁiﬂ&@ iéthéd. nlﬁ{a@@néal&cf’ it ifmey dBEered in U.S.

it exits stuffer tube 83. Liner 86 includes inner
Patent Nou# 909 063pihe cohtants of]whhémrb émorperated krei oshepfénagee. In the

i mpernmeabl e i nper ¢ n aledvvlthat .
case GHnHALITTD B thin PRDFEO0T BRI PR Separaip aprugl plaiger is not
necesﬁr&'f’cg ShflhidDGe Sther dudeto B8R ﬂé%éﬂé@e(ﬁ‘ PHELIm Bé&%@a@[e layer 38. By

apping 81. In view of th act that tubul ar vvrapglng
propet Sehcmm‘ofansﬂemalsxfdr udeer irapermeableetayer 8fpisuch degwlymbpylene,
have any seans as |iner in FIG 2 or liner 74 .in FIQGV& o
curmgzcamlsq oorssyithseanpintiodacedigiathedines 4 snee in pesiiep it tg existing

condid wr apped i npregnated tube 74 or 86 having inner
1ﬁl’j‘ii‘rperrreabl e layer 38 and outer irrperrreabl e W appi ng 67

is read fori taIIatlo

[0056; ul 133 eanbeireadily seen. Hgre syproyiie glbieptsmpmog)pf increasing the
T el gt

layers aB g phicirigns s@irh diaving grgatichstrggth in theamalkpi difdcéibe on the bottom of
met hod, a separate eversion bladder is not necessa

the lay 8lat Hngrap dlexthle ciuedrin placedmer ﬁ%lqsfe@é%%tea‘flalu lﬁa&utudmal strength

is obtfugf & ablai?lw yﬁ{é égllﬁéngBi]%/ E#nogggng&?; gﬁe%] oq?flg{é?é %F ﬁﬂ)s%antlally

1argeICtHF11*1 ﬂga g fithes tﬁﬁ&ﬁly%ﬁﬁke&tf@ﬁﬁiahﬂIlﬁ&déiﬁ?@bﬂvﬁhﬁoﬁdl Ranitary sewers
liner 74 once’in pdsition in the existing conduit.

witholD@g8}iensing amwaatadesittitely obtheriiner.hdhe rq:lafqrpmgl sctelm gan be formed
conveni ent t ho L ncreasin |tu

of ar; PUSIGHFFIGHH oM SRRBHIOTE L. | I 56 e8P ondiO G Fnpolyethylene,
| I |

fbul A 0 R P DARBRE 2 U Bvon bedl, DT BRY W woven

or nohotdwvem dht prefedably fd wbvén.nér cambé Ifexndd ef auy edntinuous, flexible,

pl ace_liner of jncreased potential |ongitudinal
high §trm¢§t #nd Jowpelangaton Tiibgcs 9t olibms, opinge| thergwilh naingffect the

1mplegﬁ£]t%rp§ro% sé 515‘(? ﬁc&l’rlféreﬁ]t%l ex%gnﬁ&? SF3L %14h¥:d liner. The ease of

fabrication allows for the continuous assembly of the longitudinally reinforced liner from

plain felt supplies in a continuous manner by the apparatus disclosed.

[0057]  The tube prepared in accordance with the process described in connection with
FIG. 3 is then readily impregnated in an open top resin tower and enveloped with the
reinforcing scrim within an impermeable wrapping as described in connection with the
apparatus shown in FIG. 5. The smooth outer surface renders the liner ready for pull-in-

and-inflate installation.

[0058] It will thus be seen that the objects set forth above, among those made apparent

from the preceding description, are efficiently attained and, since certain changes may be
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| arger than the 8 inches typically utilized for main
i nes and conventional sanitary sewers w t hout
wez@sni@dnci ng unwanted stretch of the |iner. Ther/US2004/036621
reinforcing scrimcan be formed of any high-strength
| ow- el ongation fibers, such as glass, polyester,
pol yet hyl ene, f bul ated pol ypropyl ene, nyl on, carbon,
Aram d and even steel. The scrimmy be woven or
non-woven, but preferably is woven. It can be formed |
made iafcampingamn thaatmys prédesx it e, ddscrbedsprodves sndaindthe ganstruction(s)
el ongation fabrjcs or filns, since_.the i || ..not
set forfly wHBautRBarfiR is5h 41 SiriprLwee Sty el fidh digpded that all
' i i awing(s) shall
mastes EERARAH ) o1 RE, dosyRicfonts Gt 1, BRERy Ay e Srovng®
be intelro@d s divgahtive drel vt & & Gchitingensé.r om plain felt
supplies in a continuous manner by the apparatus
[oos9f' s ¢l 19588 to[HROARTrsIfR tuPhe FORORRL1AisAEE Qfitdaduiciovdol br all of

he process described in connection with FIG 3 is
the getdrarandespdcifiy featpres giidhethvinticnhapisrdeseribadearidnelt gaksments of the

and envel oped with the rejnforcing. i m.w thi.n,a
scope phipeTHERBPE St HEPAE GUSBRPEEATIER LM {hParpseen
t he apparatus shown in FIG 5. The snooth outer
surface renders the liner ready for pull-inand-
inflate installation. [0058] It will thus be seen that
the objects set forth above, anbong those nade apparent
fromthe preceding description, are efficiently
attai ned and, since certain changes nmay be l1l4nmade in
carrying out the above process, in the described
product, and in the construction(s) set forth w thout
departing fromthe spirit and scope of the invention,
it is intended that all matter contained in the above
description and shown in the acconpanyi ng draw ng(s)
shall be interpreted as illustrative and not in a
limting sense. [0059] It is also to be understood
that the following clains are intended to cover all of
the generic and specific features of the invention
herei n described and all statenments of the scope of
the invention which, as a matter of |anguage, m ght be
said to fall therebetween. 15CLAI MS WHAT IS CLAI MED
IS . A nmethod of preparation of a |longitudinally
reinforced cured in place liner, conprising:
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providing a first seal ed tubular nenber of a resin
i npregnable material in lay flat condition; placing a
W@ eoosmud¥ayi ng greater strength in the warp di reCI/USI0Q086621

at |l east a portion of one flattened surface of the

tubul ar nenber; and placing a resin inperneable

coating over the tubular nenber and scrim 2. The

nmet hod of claim1l, wherein the scrimis applied to the
bottom surface of the flattened tubul ar nenber. 3. The

met hod of claim1 whereigrtfigQuter inperneable
coating is placed about t"f%tlgl‘rst t ubul ar nenber by:

c ' (@i ng a tube of inperneable materi al

m%g{{?n%]léx}wi%i rection; and everting the tube of

i per maakthodaifeirepdratich ey &ingitedindBy ireinédrcédibutedin place liner,

menber as the inner tubular nenber noves in the
compgpipésite direction to forma wapped tubular |iner

Wi th resin,.i npr abl,e terial _and reinforcin rim, .o

encaps BTyt UnE Bole Svrlrh B0 AT RH oot Lovh g Rp i fterial in
lay flitRendifidgy | nperneable layer. 4. The method of claim 1,

including the step of inpregnating the resin
i npr egpkbing ara¢remi keving greatee sirangthi inrthe ovayp dliteicbon 0g at least a
.the scrjmthe | flat resjn inpregnaple material and
portiohit S SRR Sh Bt ey Of fee HREIEF MR 5. The net hod of
claim iy the st b RS ' i .
rpr oghis e imferfafle SoalER RO Lbldy Mk afd scrim.
t @bul aTheemdtked bfi chigH , aviteesin rthd atrdims iappliédto the bottom surface

positioning the scrimon the resin inpregnable
of thefattepedfubufar merabeted in pl ace |iner, conprising: a

e B TR M S AR b

abouthé B8R Hibulat hé@b¥esp direction positioned on at |east
a portion of one surface of the flattened first

t ubul arontBrviveslysproaglingta tube joftimpeomenbis thatemali mbving in a first
directSXpan iton of the liner; and 16an outer resin
IIGCtF‘?‘Vg abl e | ayer di sposed about the tubul ar nenber

everting the tube of impermeable material to envelope the inner tubular

and

member as the inner tubular member moves in the opposite direction to form a wrapped
tubular liner with resin impregnable material and reinforcing scrim encapsulated between
the outer impermeable layer and the inner impermeable layer.

4. The method of claim 1, including the step of impregnating the resin
impregnable material with resin prior to positioning the scrim the lay flat resin
impregnable material and being enveloped by the outer coating.

5. The method of claim 1, wherein the step of impregnating the resin
impregnable material includes passing the first inner tubular member through a resin bath
prior to positioning the scrim on the resin impregnable material.

6. A cured in place liner, comprising:

a first sealed tubular member having an inner impermeable layer;
a reinforcing scrim having greater strength in the warp direction positioned
on at least a portion of one surface of the flattened first tubular member so as not to

interfere with radial expansion of the liner; and
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scrim 7. The cured in place liner of claim®6, wherein

the scrimis disposed to the bottom surface of the
wo b@seryesl t ubul ar nenber. 8. The cured in pl aB€T/UBIV04/036621

of claim®6, wherein the tubular nenber has an inner

i nperneabl e layer. 9. The cured in place |liner of

claim?7, wherein the tubular nenber has an integra

i nner inperneable |ayer. 10. A cured in place liner,

conprising: a first tubul ar. menber of resin

i npr egrfALPWeESE} iapermeaple; lay e dispesed catont Mg, fubylar member and
qoreater strength in the warp direction positioned on

at least a portion of one surface of a flattened first

t Ybul arTheesired it pl&® M dfoclhint 6F Rekfeiithd séx@gh @l disposed to the

expansion of the liner; and an outer resin inperneable
bottogparfasg ofithypdattancd befutlan membetbul ar menber and scrim

T cured in pl.ace liner of clai wherein th scri.

i 2‘6 di s&g’seeﬁurteg 1 r@a‘b“oﬁP‘E}n‘i’éﬁﬂﬂFﬁc@ whotPic el bt Siember has an
innerlitpetAsabI®RReF . 12. The cured in place [iner of claim

10, wherein"the tubul ar nenber has an i nner

i Bper meldtsl euredyierplak3lindihef clairad,iwherbimcthel fubelar afiember has an
. claim 12, whereipn the tubular nenber has an i ntegral
integyah pajer FIHB@W@%& @%yer 17

10. A cured in place liner, comprising:

scri

a first tubular member of resin impregnable material;

a reinforcing scrim having greater strength in the warp direction positioned
on at least a portion of one surface of a flattened first tubular member so as not to
interfere with radial expansion of the liner; and

an outer resin impermeable coating disposed about the tubular member and
scrim.

11.  The cured in place liner of claim 10, wherein the scrim is disposed to the
bottom surface of the flattened tubular member.

12. The cured in place liner of claim 10, wherein the tubular member has an
inner impermeable layer.

13. The cured in place liner of claim 12, wherein the tubular member has an

integral inner impermeable layer.
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