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5 [0001] This invention relates to cured in place liners for trenchl ess
rehabilitation of existing conduits and pipelines, and nore particularly
to a cured in place liner longitudinally reinforced with a scrimon a
surface of a liner in lay flat condition between the resin inpregnable
| ayer and an outer inperneable coating suitable for trenchl ess
rehabilitation of existing conduits by pulling in and inflating. 10 [0002]
It is generally well known that existing conduits and pipelines,
particularly underground pipes, such as sanitary sewer pipes, stone sewer
pi pes, water lines and gas |ines that are enployed for conducting fluids
frequently require repair due to fluid |eakage. The | eakage may be inward
fromthe environment into the interior or conducting portion of the
pi pelines. Alter i vel t he | eakage may be outward fromthe conducting 15
portion of the pﬂ%@Nﬁﬁ@¥$“F614ﬁ%R§U§F@Bﬁ%ﬂthBﬁ§?H%Hhéﬁﬂ314NEE|ther case of
infiltration or exfultration, it is desirable to avoid this type of
| eakage. [0003] The |eakage in the existing conduit may be due to inproper
installation of the ori giitACKERONROF JHEIMNVENEIGN | on of the pipe itself
due to nor@ﬁg aglﬁg or the effects of  conveying corrosive or abrasive
mat eri &l d is igyention relaipnio pephits Plgs livers dive trenshis é‘ﬁlﬂbﬂ%@rﬁf
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structural failure of the existing conduit due to loss of soil and side
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of exi sti lpgkage. The leakage may be inward from the environment into the interior or conducting

portion of the pipelines. Alternatively, the leakage may be outward from the conducting
15 portion of the pipeline into the surrounding environment. In either case of infiltration or

exfuliration, it is desirable to avoid this type of leakage.

[0003]  The leakage in the existing conduit may be due to improper installation of the
original pipeline, or deterioration of the pipe itself due to normal aging, or the effects of
conveying corrosive or abrasive material. Cracks at, or near pipe joints may be due to
20 environment conditions such as earthquakes, or the movement of large vehicles on the
overhead 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
25  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,



pi pel i nes. These new net hods avoi d the expense and hazards associated with
digging up and replacing the pipe or pipe sections, as well as the
significant inconvenience to the public during construction. One of the
nost successful pipeline repair or trenchless 5 rehabilitation processes
that is currently in wde use is called the Insituform(r) Process. The
Insituform Process is described in detail in U S Patents No. 4,009, 063,
No. 4,064,211 and No. 4,135,958, the contents of which are al

i ncorporated herein by reference. [0005] In the standard practice of the
I nsi tuform Process an elongated flexible tubular 10 liner of a felt
fabric, foamor simlar resin inpregnable material with an outer

i nper meabl g .. ' i.npregnated with a. . t {ri curabl e
resin is l"ugrr%‘g‘gg’l%@gd%\nﬁ%i E‘%ﬁhéé%%gg‘? &5 “89%%%%"??&@“ P‘nl%ﬁgh{r@@g’ 033-63%?*@5
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eversion pr&qe S, ag described in the 211 and 958 Insitufqrnlpat?nts. In
t he eversfd lﬁiﬁ%%% e RIBY PL PG E<iis e saypl 28 dhe slebiiganRevaronTe ey
everted | 8l BHGSS eondulucRGR! Thie @fﬂﬁellﬂf)ﬁ ﬁ@%%ﬁg?@m&\e bhal6r LBRGNessur f ace
of the pipeline as the liner unfolds along the Iength of the pipeline. The
| nsi t uf or mbebidigsios nrecessdsdbatps gutrembdinbyidowlsk iingaltedr bs ilnsiivigymdy Kaeases. | i ner
into the L; I Qr an sin f .l A, <k MREr meabl e
nf 1 at i on ThF adeioky poRa% RaSRgd, B Aan T S PRERSTNG. A4 teaued the
l'iner to d¢)00é2apadndsNot A 36968 ihwatdntafis bhevigxh sid AY Pe@ebianel h&ethbyesin
20 inpregn%ted liners are generally referred to as "cured-in-place-pi pes”
or "ClPP IT'HEFY and the installation is referred to a CIPP installation.

[ 0006] Cbnvenfional cured in place flexible tubular |liners for both the
eversi on HIYY2! pulld thensapdand mpgtise oF Seppsifdenoa Prasessomselensped dierdie Brouliioot h
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pipeline as the liner unfolds along the length of the pipeline. The Insituform Process is

also practiced by pulling a resin impregnated liner into the conduit by a rope or cable and

using a separate fluid impermeable inflation bladder or tube that is everted within the

liner to cause the liner to cure against the mner wall of the existing pipeline. Such resin

20  impregnated liners are generally referred to as "cured-in-place-pipes" or "CIPP liners"

and the installation is referred to a CIPP installation.

[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
25  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 finer with the resin
impregnated layer against the wall of the existing pipeline. As the flexible liner is
stalled 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

30 engage and conform to the interior surface of the existing pipeline. Cure of the resin is
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2 initiated by introduction of hot curing fluid, such as water into the
everted liner through a recirculation hose attached to the end of the
everting liner. The resin inpregnated into the inpregnable naterial then
cures to fonn a hard, tight fitting rigid pipe lining wwthin the existing
pi peline. The new |iner effectively seals any cracks and repairs any pipe
section 5 or pipe joint deterioration in order to prevent further |eakage
either into or out of the existing pipeline. The cured resin al so serves
to strengthen the existing pipeline wall so as to provide added structural
support for the surrounding environnment. [0007] When tubul ar cured in pl ace
liners are installed by the puII-in and-inflate nethod, the |iner
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liner to expand against the interior surface of the existing conduit. The

eversi on fifoovhe iwtdnatubany: buadder pred tinsiese Unttalled be HE afden-sheaches and
20 extends into_ the downstream manhol e or second access point, At this tinme
the |inerMepodsBedingiysilmpreantied rifiapiinin Wa sriae evoncr aidn did SESHY BRI t i s

allo o] I i e
Mt T oiced | Rw i kg roBbh SnaYIL AR AR % Lol Pl R ot
reci r cul atyposal inSW@amredl dowitthee, em{ﬂzhtmﬁ p;lbteoxevcﬁrdmtrigvmlgaamwbow cat daulserer t he
resinin ayer. to cur.e 0008 n.in the
li ner curéel{szﬁgtprq‘g&t%ﬁ?? %Bh %Fﬁ&tﬂf@ mﬁ%/‘ﬁ%gl PETTV %lmé “dle%ﬂ‘ ?Verﬁnﬁg ]:a%cé ¥n the
cured |i nessedBairbugiheh WolwninibeaR@eriedfl gt dmeifhad bask webd nasnihe eyansi on
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the inflation bladder. An everting fluid, such as water, is then fed into the downtube and

psed

the water pressure causes the inflation bladder to push out of the horizontal portion of the
elbow and cause the collapsed liner to expand against the interior surface of the existing
conduit. The eversion of the iflation bladder continues until the bladder reaches and
20 extends into the downstream manhole or second access point. At this time the liner
pressed against the interior surface of the existing conduit is allow to cure. Cure is
initiated by introduction of hot curing water introduced into the inflation bladder in nuch
the same manner as the recirculation line tied to the end of the everting bladder to cause

the resin in the impregnated layer to cure.

25 [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.



bl adder to the end of the el bow and insert it into the collapsed liner. 3

[ 0009] Regardless of howthe liner is to be installed a curable
thernosetting resin is inpregnated into the resin absorbent |ayers of a
liner by a process referred to as "wet- out."” The wet-out process generally
involves injecting resin into resin absorbent |ayers through an end or an
opening forned in the outer inperneable film drawi ng a vacuum 5 and
passing the inpregnated liner through nip rollers as is well known in the
lining art. A wde variety of resins may be used, such as polyester, vinyl
esters, epoxy resins and the |ike, which may be nodified as desired. It is
preferable to utilize a resin which is relatively stable at room

tenperatu ut ,whi_gh cures. r.eadi | n.. e i i ; .0k, hot
vat or, or [€RRY ooRE TR R RE o T RS ML Belpos PRl g
10 [ 0010] irfegmttehingy headiih ebl@bentiletng’ O liedby b NRdedsy refacedim dsnfweegnat i on
is described in Insituforrn U S Patent No.,K6 4,366,012. ,V\h%n _]t)he | i ner has
i nner and®¥ut di® WehoBt ReAET SeRapY dnvotvse I EBINEES i IR ToHRy OFd @ﬁﬁ?}‘lefsed flat
and slitsgf. gﬁ%ﬁ j i - - h i NG, it
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vacuum at _the trailing end of the liner i.s shown in, U S Pat i

2 580 peswdinariefan ity Bl spof RiadPle orine! Srasirent Foracay Mer ei n
by ref er enigg. wilif0 hidy Reessifiefl hoatsrehave ibgesrermietd atimdh frysih hehighulid - i n
and inflate nethod to wutilize air to evert a bladder into the pulled-in
i ner fr oIV GIaLHelt 1aRiB S4EPHHIR: Dutwrdeh Cpereadist vhehesteiee: arelfies the
di stal acGags WAk "s%lﬁ%&@md aﬁap?‘%fa%&iggf&{,@ﬁ& LR dRLE 20 access poi nt

toinitiate cure o e resi regnated l'ayer. This process offers the
advani@age f as X ot he jncreased:. i the ;steam
N B e R R TR i
bl adder i ddscritddeingubitidolni 0. S.i Pepers GNratdedol(il aerWhed fler lirer thes énner dnd butsr st ep
of everting the bladder .into the pulled-in _liner include rformng the
ever si on ﬁ’gbmgq?&, y@’ﬁo@ﬁ&?’&ﬁ@rﬁ%@&wm’? .Sl’}pll?hﬁ& %'a{ ﬁé{fglﬁf %%%2%1 g)pﬁxge 289,
t he procegiges dfahydageRMaliel REd feshRlndlat ds@NorBSB sidd Qs Aeddrdbd ky Hegosd ni ng
hose above ground prior to pulling the hose assenbly into the existing

condui t . Faem. phertberseppanabisasr trrsting ewisitohe Sapowt grstdletion wthile drawipgra| y
lim tl%d '\thcguﬁlhe&thg’ Ql%lﬂlgognd IOP'ﬂ{EgIl'IIlQaiE i in U.S. Patent No, 4,182,262, The

contents of each of these patents are incorporated herein by reference.

[0011]  Recent efforts have been made to modify the pull-in and inflate method to
utilize air to evert a bladder into the pulled-in liner from a proximal access point. When
the everting bladder reaches the distal access point, steam is introduced into the proximal
20 access poinf to initiate cure of the resin impregnated layer. This process offers the
advantage of faster cure due to the increased energy carried by the steam as the curing
fluid, However, the process still requires eversion of a bladder into the pulled-in
mpregnated liner. Efforts to avoid this step of everting the bladder into the pulled-in
liner include perforning the eversion step above ground. For example, in U.S. Patent No.
25 6,270,289, the process includes everting a calibration hose into a flat-lying lining hose
above ground prior fo 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

30 nner coating and an outer coating so that a curing fluid can be introduced directly into a
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be laid out above ground prior to pulling-in. [0012] A further suggestion
to avoid this eversion is to manufacture a liner having an 30 inner
coating and an outer coating so that a curing fluid can be introduced
directly into a 4 pulled-in liner. The disadvantages here involves the
difficulty faced when trying to inpregnate the resin inpregnable materi al
di sposed between the inner and outer inperneable coatings. The outer
coating renmains essential for handling the inpregnated |iner and to all ow
the liner to be pulled into the existing conduit and the inner coating is
5 desired to all for curing wwth the steam [0013] A typical 8 inch
dianeter 6 nun thick liner weighs about 7.5 ounces per foot prior to wet
out. Abou Uy ' r foot are. i eg: s el t g | most
2 seven PURePRARE, olnd SRaRaBRke] B0k Bhdo L HIRES, 100 b WA T
case, a 2Qfipiegote |tROgktin Diprbgimele sulpd:RCtdikpsed [Heateenf ti35 0o umds osler et ches
about 3 percent in length, At 5000 10 pounds of_lggq the 8 inch Iin%S\MII
stretch aSTRAIERARIE cEHMEy Xbe puFeeRfting THIRDS ssseqfi dofihendlies e SwPIoBREr

bet ween MRALOKASo TBYwShE Bh&G o BS pIHEDIAS IR ExIERE coddf ARCHEARR, LoutiRiIight  Of
the liner for larger dianeter liners nmakes theload required for pull-in
even nbr edessied gyelf fongurimhwsh theségagnare significant linmitations on the

| engths of liner that can be pulled in. The sane is true to a greater

ext ent fof0013f gelA Gpanks enchl dimetsr 6 IE[tBRL 4ineOweighe AbiitdhS vandehipsr fmodbl em

i nvol ves adgri toi on o{ %PI er of r in.forci&(ig)g fibers jnto tlhe I, i er.tFor
exanpl e, P UOS e Bt entPOfio PRIESS! 5 PsT At TR TSP HPB LRSS §i ber s
is stitchedeniolfilai®sbanaednt @ 006 0 pbiirishesiat.aRs@iskerd, Jayess 16fgt he
liner. The_  webs_disclosed are in a graphical or grid patter, include

8

| ongi t udi Al Belechis @ leagel Bk powsyls sieichss FiopbPDerenbas lanatendd 5690 a
crossrdat ﬁ(ﬂﬁﬂs We oW ih s riﬁ?tfl]zq% Yoi? rsh‘?t@ltl ad nﬁ'c? 8685 8% %@{&%@% Ws! £ t)ia%f €
suggestiohs to increase Tongitudinal strength are available, ther are
di f fi cul t 3&sfoionlihariatbierg metheleamhyatttetobhis mgrchhe B0tfecto e aficrbdse ix e®ight

absor bent | .S _as _ ,a he web. tends, to. hi.nder inpregnation and reduce
Fhe et oun BPChEy 38 el Bl B PR AT Tyl G PRl PR gt TE 1 s
desi r abl estt@ephgViTeisatleen et dishinddd: Mirhiedthooaede l1éd8ks of Raér gancheveasily

manuf actured and avoid the difficulties faced in the prior art. 25 SUWARY
OF THE | NuEkttimoNIhe same is true to a greater extent for larger diameter liners.

15 [0014] One solution to this problem involves addition of a layer of reinforcing fibers
into the liner. For example, in U.S. Patent No. 5,868,169 a web or mesh of reinforcing
fibers is stitched or flame bonded to one of the resin absorbent layers of the liner. The
webs disclosed are in a graphical or grid pattern, include longitudinal fiber held together

by radial fibers, cross-hatched or a cross-hatched web with randomly oriented fibers.

20 [0015]  While these suggestions to increase longitudinal strength are available, there
are difficulties in handling webs and attaching them to one of the resin absorbent layers as
a heavy web tends to hinder impregnation and reduce 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.

25 SUMMARY OF THE INVENTION

[0016]  Generally speaking, in accordence 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

5



[ 0016] Cenerally speaking, in accordance with the invention, a
longitudinally reinforced resin inpregnated cured in place |iner suitable
for pull-in and inflate rehabilitation of existing pipelines is provided.
The liner may be continuously formed froma |length of a resin absorbent

mat eri al having an inperneable | ayer bonded to one 5 surface fornmed into a
t ubul ar shape and sealed wth the i nperneable | ayer on the inside of the
tube. The tube may be wapped with additional |ayers of resin absorbent
material in tubular formand inpregnated with a thernosetting resin. Prior
to final placenent of the outer coating, a scrimhaving greater strength
in the warp direction is applied to a 5 surface of the flattened

i npregnat ed_.t uhe. neral |y, the scri ill, he applied. in a width .to cover
about onegﬁﬁﬁPBQnggn@ﬁbU%é@ ﬂ@Peﬁﬂis¥%%%WE?BEUH#%P%%%&’%ﬁﬂ(Fgggﬁ%?%?d to
the flat siem@du&om@%wﬁlfag@e wrd¥heBWHE ad MRSLIRSBs®f kaesbsarhemarphi ed to
the tube by everting a tube of inperneable material ontog the |nner%£ubular
member asint tabukey femaand impesanaied mely e thermesstttnetrgpnl drios tufipplije@avie® or by
wr appi ng 3l | ont.d ML i abl.e  fii 410Q17] The
scrim pr@l\%?%@%al}ogﬁ%’%u%ﬁﬁ}gﬁgﬂg ﬁ}e\oﬁﬁ:g%& hﬁéﬁ%%{ 0Si tilglrlle%l5 he@ﬁ% bottom
hal f of t#hefdct oéthedhtemctimpignatedttte: iGenstatig, thd hirgmiwitl e appliddninlaomigiit udi nal
strength allows for pulling-in qof long |lengths of |iner, and substantially
educes. sr GEh BB PR TTREGHATEATT HERTET g LS SPHE 18 001g]
Accor di nghtenkd Hoﬁoﬁ&nsu?f%éctAIPBﬁtEP%{J(H‘YI@:%I!eqayérQnEjﬂﬁVzlﬁﬁe@mo IR b etsl
| ongitudinally reinforced cured-in-place |iner having an inner inperneable
coating. evec0dio} Whsorhapennjablot maerislhents theeiineioybrler fempeoes B e #ipr oved
met hod for_. [ i tudinal i,nf.0 iner . havi an i nner
Ry Nl L R L S
scri maur amgnpgdcadafiflact ure of a 20 CIPP tube that will limt |ongitudinal
stretch without reducing circunference stretch. [0021] A further object of
][ he i an_n[[OiOfDr] i SThe F@rr@\pg@l@deamcgig_md@lrmﬁiﬂfle@chmdmgefnd O}meiﬁ@mﬁwt ehar)]fﬁota)mf
ongi t udi n reinforced cured_in place |jner by disposing a sheet o
scrim on %ﬁ%eﬁ( fhedichang Aws aue @Plhﬂayéﬂ- (ﬁ“? %ﬁ‘%%aws]a%&%naﬁg?a}%ﬁﬁ%%% ore an
| nper mea ARR b1 Ulndt Rst LAk digy OF R &SI N
| Tper ben?fo%u\ggli?gg@ bO14:2 RYERS &F 1RRE U Bfbst-ARAly ttRUbaky I
impregnated liner during pull-in.

15 {0018]  Accordingly, it is an object of the invention to provide an improved

longitudinally reinforced cured-in-place liner having an inner impermeable coating.

(00191  Another object of the invention is to provide an improved method for

manufacturing a longitudinally reinforced liner having an inner impermeable coating.

[0020]  Another object of the invention is to add a scrim during the manufacture of a

20 CIPP tube that will limit longitudinal stretch without reducing circumference siretch.

[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 meterial and scerim.

25 [0022]  Yet another object of the invention is provide an improved method of
continuously manufacturing a longitudinalty reinforced resin impregnated cured in place

liner having an inner and outer impermeable layer,
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25 [0022] Yet another object of the invention is provide an inproved net hod
of continuously manufacturing a longitudinally reinforced resin

i npregnated cured in place liner having an inner and outer inperneable

| ayer. 6 [0023] Still another object of the invention is to provide a

met hod of applying a |ongitudinal reinforcenent to a ClPP tube after the

i npregnable layer is wet-out with resin. [0024] Yet a further object of
the invention is to provide a nethod of manufacturing a 5 cured in place

| i ner having inner and outer inperneable layers for pull-in and inflate
trenchless pipeline installation. [0025] Still other objects and advant ages
of the invention will in part be obvious and will in part be apparent from

t he speci fi.cati [ 0026] The i entlo accor di ngl £ ver al
st eps andkp%%] S%@z%ﬁgl%ogﬁg: fﬁ '@Vﬁ%K@'%fmsﬂ? méteggﬁmntﬁﬁlgggegﬁ'to

each of tihagaidiel Seinfdrecra@as at ORPs eslgdy inginfgagiibrslagdr is constut wdthi on,
conbi nati ons and arrangenent of parts that are adapted to effect such

steps, aift he products that possess the characteristics, features,
properties, and the relation of conponents, which are exenplified in the

fol | ow ng[OB%fé ai | 86t difsbppeiied of fikdnYHEE dolearpride Paéﬂeﬂil%ﬁ’ﬁﬁné}‘rcﬁ%ﬂng %e
| ndi Ca§ ed RS %rhﬁgﬂa %lgl?havjlég BRFh (P%%F'; g&g\éa@: gﬁwwﬁl{@ Al For a

fuller ers he |nvent|on erence i e follow ng
descrlptHmﬂmhbmampﬂnwcnﬂm@nmnon with the acconpanyi ng draw ng(s), in which:
[0028] FIG 1 is a perspective viewof a length of a typical resin

i mpr egnablo62gjur estill athexpctmm dniinévantiged eltheinkattion sall imnpdri i abgican aigkiwgt i ng

pi pel i ne of the t %ene ally in use today 20 and well known in the art;
[0029] FIigpasbpap ‘(’ﬂi Clelag ’ﬁatxlﬂnew of a cured in place liner having

| ongi tudi nal . reinforcenent and inner and, outer er )

const r uctléf2ind B6% BRI oo ABES HEREES G ?PVF%SMF%W%“PBSEGT@ G 3
is a ﬁ)chelﬁ@ite'o?sﬁ(dheéﬁéﬁfwﬁiﬂ%sp%%%%h%%‘ thhsaﬁelé Ghe aa}ﬁ%sbgl&zts&a%%%ep@ft ion
25 of the liner having an outer ayer with-an I nner t enperature

pol yneri momatymhoms@mhmanons and anangement of parts that are adapted fo effect such steps,
and the products that possess the characteristics, features, properties, and the relation of
components, which are exemplified in the following detailed disclosure, and the scope of the

invention will be indicated in the claims.

15 BRIEF DESCRIPTION OF THE DRAWINGS

{0027] For a fuller understanding of the invention, reference is had to the following

description taken in connection with the accompanying drawing(s), 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

20 and weil 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]  TIG. 3 is a schematic view of the apparatus used for preparing the inner portion
25 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;



connection with preparation of the cured in place liner of FIG 2; 7 [0031]
FIG 4 is a cross-sectional view show ng the structure of the inner portion
of the Iliner produced by the apparatus of FIG 3 before being inpregnated
in accordance with the invention; [0032] FIG 5 is a schematic in

el evation show ng resin inpregnation and mating with 5 | ongitudi nal

rei nforcenent and w appi ng of the tubular nenber of FIG 4 for preparing an
i npregnated CIPP liner in accordance with the invention; [0033] FIG 6 is a
cross-sectional view of the edge sealer in the sealing and w appi ng
apparatus of FIG 3 taken along line 6-6; [0034] FIG 7 is a cross-section
of the liner prepared by the apparatus of FIG 5; 10 [0035] FIG 8 is a
schemat i crdoai el eyat.iOn ~ShQu Bk aRR: Bdvahe RRuTuRE Ak BARGrtiddfthag a
resin inpregnation apparatus with an outer coating by passing the wet out
liner thligughoducedinethsteppdraps pERIChG before beihammeaiidiy astasdage wHadkson: and
[ 0036] FI .1S a cross-section of a |liner wapped by the apparatus of
FIG 8. 'PTI ON OF THE PREFERRED EMBCODI MENTS 15 [0037] A resin

i npr egnat red, i |l ace |iner prepared i.n accardance. wt j.avention
e &t onbi0pahi nalC el SPemnl b FAAREL St REAREES A esl® b

pul | -in- rAdimidiid adigforeeidegthnd i 8PMe @tbuldr trhen@itr o FEEIrador iprdpeningain

i nperneabl e layer it may be inflated and cured with a heated fluid w thout
the use ofmpFeTaRe AT SRCHN aergetanceavith e MYRNES i nner i nper meabl e | ayer and
| ongi tudi nal reinforcement is prepared in continuous 20 |lengths. It may be
i npr egnat B§33k i FIG. ¢ igocwpsstssetianal vieewpidie edes serler abe acading gpd ViR S sar y

to irrpregglg:g;agiu?S JeiraEt engd, Lifgiinba. ng a resin absorbent naterial between
an inner and an outer coatl ng usi'ng convention vacuum i npregnati on.

 pchnol oaesPOSFIS 1l LLUS!Sal et 2 lberil o clbadl hrpigse | ner 11 o

the type I e art. her 11 is

formegd,fr £ t, one | ayver. of f l.exibl 5 i Nei

ot or 1 OB GERS's 8F pAEeRh Gublialh Rhhan SRatiie B (EDRBERE Miefiber (1 )
|l ayer 13.edtld a k@itetmprdgrarion appedupaltly meroutadestink3bapasiagithe vedowlloleyg a -
seamline 14 to form.a.tubul ar finer., A conpati ble thernoplastic filmin a
form of aﬂ‘l{%@ aybespiien hagng a tubuiar wrapping stored thereon; and

[0036]  FIG. 9 is a cross-section of a liner wrapped by the apparatus of FIG. 8.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 [0037] A resin impregnated cured in place liner prepared in accordance with the
invention has a longitudinal reinforcing scrim so that is can be installed by the pull-in-
and-inflate method. When prepared with an integral internal impermeable layer it may be
inflated and cured with a heated fluid without the use of an inflation bladder. A liner with
inner impermeable layer and longitudinal reinforcement is prepared in continuous

20 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. Lincr 11 is formed from at least one layer of a flexible
25  resin impregnable material, such as a felt layer 12 having an outer impermeable polymes
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



material 16 is placed on or extruded over seamline 14 in order to ensure
the 8 inperneability of liner 11. In the enbodinent illustrated in FIG |
and used throughout this description, liner 11 includes an inner tube of a
second felt layer 17 also stitched along a seamline 18 positioned at a
point in the tube other than the |l ocation of seamline 14 in outer felt

| ayer 12. CQuter felt layer 12 with polyner layer 13 is then forned around 5
i nner tubular |ayer 17. After inpregnation liner 11 in a continuous |ength
is stored in a refrigeration unit to suppress premature cure of the resin.
Liner 11 is then cut to a desired length after being pulled into the
existing pipeline, or is out prior to being everted into the existing

pi peline. 11519&"3&]11)1!&%1111%3— 10f 16 AR dtRithdnk Usist-ade@6h FIGH Sad dsell Shibp@utreabl e
to water and air. This 10 will allow use in an air or water eversion as
descri bed T &ewrivtiernduer 11iiacadgsuan inner ahel of ienfereide falnlayen 1 4eksentiiched
accordancg nly be
U 1 cf entl B e ek P8R &G iR b B Wil e B8R ¥,
of resin landowter fotiéxentl2d é)magefelt GythE Witheolyas: idyer $3 puhérefdrinet erotund

ol - ob r SR BE LhRabT o AR dPpiraios 1hgy L bet Bepmiiegt Ry Bs Ao gha 17

may be nakdffigdra@dn lﬁﬁ%@ﬁf)}blﬁssfﬁ@ﬁﬁhimeecu?@@ﬂtﬁe ahgorhall g isRkRuL &la dekeh as
pol yester, acrylic polypropylene, or inorganic fibers such as glass and

carbon. Alqstiiier beiny pullessinetbie axistmpibelie, preis epi pifortapeipe exeredanio the
Irrperrreabgﬁstfu{ &3, ON outer inpregnable layer 12 may be a pol yol efin,
such as po yet ene’ or polypropylene a vinyl polyner, such as ponV|nyI

hl ori d b f
ceui ng. - abhaef e 2bbar R MR B8 G YO el 0t Mheans

can bgo useiuil hlﬂ)ow abint dieaifret ezratealevm Elbﬁ) a$ dhesbed dibotvhe IIdevb@hn atpep i andl |
trenchl ess 1 ehabi {Wt ation i nst allations, the existing pipeline is prepared

by cl eani H2EnEstaN4HR8 R ASF HFaNqeOwaR fherBY @PRAiGe 1N toamscon fe liner need
| ongi t udi gal by sﬁi?i'oﬂ:ﬁﬁ{/ ¢aferfinsd tb Qllcpo! ?&%asl.y RALRL welutih8 9&51%511'& 1esm

accordance with the ihvention is cross-section. Liner

const r uct @&yl topresient dagrag s Hiedinet as @@nmﬁed inbmthieiemisting pipebut. i ncl udes an

i nner inpernmeable layer 22 that has a thin felt or resin inpregnable |ayer
23 bonded[00A&r et Bor largee finkedimiewys soveral layers of felt or resin impregnable material

15 may be used. Felt layers 12 and 17 may be natural or synthetic flexible resin absorbable
material, such as polyester, acrylic polypropylene, or inorganic fibers such as glass and
catbon. Alternatively, the resin absorbent material may be a foam. Impermeable film 13
on oufer impregnable layer 12 may be a polyolefin, such as polyethylene or
polypropylene, a vinyl polymer, such as polyvinyl chloride, or a polyurethane as is well

20 known in the art. Any form of sewing, adhesive bonding or flame bonding, or any other
convenient means can be used to join the material into tubes. In the initial step in all
trenchless rehabilitation instailations, the existing pipeline is prepared by cleaning and

videotaping.

[0041]  Referring now to FIG. 2, & longitudinally reinforced cured in place liner 21
25  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
30 about inner thin felt layer 23 and formed into a tube by stitches 29. A longitudinal

9



23 and inperneabl e | ayer 22 have been sewn along a seam line 24 by a row
of stitches 26 and scaled with a tape 27 applied over stitches 26. An
outer felt layer 28 is wapped 30 about inner thin felt layer 23 and forned
into a tube by stitches 29. A longitudinal 9 reinforcing scrim33is

di sposed on the bottom of outer felt layer 28. Finally, an outer |ayer or
wrapping 31 is forned into a tube with an edge seal 32 and conti nuously
everted over outer felt layer 28 so that an edge seal 32 is encapsul ated
under outer inperneable layer 31 as will be described in nore detai

bel ow. 5 [0042] By manufacturing a liner in this manner, it is not
necessary to evert the liner during installation or evert an inflation

bl adder  afit@fortifg st ®? 18aBspReRNP el oS fQoutdierelt 8% RN Grig AR Wh touter

Longi tudi nal reinforcenment of scrim33 allows pulling-in of longer |ength
whi | e avoildiengr grapeinen lda doimeddnion ubhivithian gt sdal Ak andvadrtinupoinaierEel t

| ayers 23 , LA t i | . er usjn acy 10
A Tornat i vary SR Anas 25 EHOR 0 b 13 MR ORIy SH iR,
scrim 33 ilsyeapphs edl bededcrtileelin ontredethitpgoweabl e coating 31 is applied. This
avoids the difficulty with inpregnating a finished liner having a

rei nf osci fg0428r i Byamanifedthrih@y emsr hehwaamman it BNEJt nedf@ar9 Ub eFert MRr@@Rabl e

| ayer. Liner, 21 is manufactured fromendless rolls of flat coated felt and
pl ai n fel CUGAY EHETPRIBLSYS PHpMEivatayider Alier e livgt Dayboan priked inty B8 and
15 appl i cakisffw Ut e ¢ i : I . I ( .met hod
usi ng the%kgg%%?g?ﬁ%%sL?#@ﬁ%@#ﬂ?gﬁﬂ?ﬁ%g%zﬁfgIugﬁgﬁgﬁgggéPgﬁﬁgn?ﬁlg' fner 21
and 74 as letgthwhiletveitliinstraiGaid ighaed tHnnih@0dUherwell.e felt | ayers 23 and.
28 are fornmed into tubes by stitching and/or taping, any of the
convent i ohdMBy kielinayeet Pboaisd 2&mafydeninppehabd intheatsharmaest nsihgrpaegnabl e

20 matgrigl, into tubes is it e. FEor.exanple, tubes can be forned by use
of valPoud sty dnudy I8 ahd 25\ies b eFF PR LU D FHFE Sty BB | od
to inner &ed tthdrayeter Z3pansbablenRking MENBHNLE | BN 4 2dsDihca@PEHIwAR
adhesive strip or extruding a |layer of polyneric material in order to sea
the butt edBGgRENGR frgheddiner huies p pinfardng Feithen@&!t Rppimdatiosn lkayerer 22
during a seibie: AREEHLA ey LG4 s ReLARLhAG RN LfndL Rusdor A BhEY TOT
continuously formng a ength of a tube

felt and plain felt and continuously impregnated prior to mating with scrim 33 and

15 application of outer wrapping 31. This may be accomplished by the method using the
apparatuses illusirated in FIGS, 3 and 5 resulting in a liner 21 and 74 as illustrated in

FIGS. 2 and 7.

[0044]  While felt layers 23 and 28 are formed into tubes by stitching and/or taping,
any of the conventionally known methods for forming felt or other resin impregnable
20 material into tubes is suitable. For example, tubes can be formed by use of various glues
or adhesives as well as flame bonding. Tape may be applied to inner felt layer 23 and
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.

25 [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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or resin inpregnable material with a sealed inner inperneable |ayer is
showmn. A roll of coated felt 36 having a continuous |length of felt 37 with
an inperneable layer 38 is fed over a directional roller 39 in flat form
with coated side facing roller 39 to a tube formng device 41. 10 [0046]
Tube form ng device 41 includes a tubular support frame 42 having a
proxi mal end 42a and a distal end 42b and a filmdeforner 40. A seam ng
device 43 that may be a sewi ng and taping nachine, gluing machine or flanme
bondi ng apparatus is nmounted above support frane 42. Felt 37 with

i nperneabl e layer 38 facing roller 39 is fed in the 5 direction of an arrow
A to the proximal end of tube form ng device 41 where it is deflected by

al ong o SO0 L B B e Bver a8 on

al ong a 48 e 1 nsi and 1 nperneabl € | ayer 38 on
the out sindei2a hube dikblchén2passefim deophagi(ded iscening doties é3 ghat aprba8 is

pl aced over seamline 46 to form an i nperneabl ated t ape nber
45. 10 [ GO¥MS @%})é@%ﬁ@%ﬁ’bg@%mﬂ% Sy e ePRuars g? 5%’%53‘8 dbul ar
support ‘:j;[b%vg s@oﬂf‘fﬂnﬁé’@. var $ elithiiRPedRabl 14e 38icsdhal reld30ls Bappoet frane
42. Taped tube 45 is then everted into tubular support frapme 42 so, that

i nper Mealdirectioy of aBgartayv Houp dhe phaxinpispife ob tubeyfamingsdedces ¢ veheg thifr awn
fromthe proxi Of f . LNB1o Hefdened by
an arrow .eﬂfggkfgﬁg%&nﬁi%3%%%%ﬁ%¥gﬁghgguﬁgﬁp%%§eg%%ﬁ%ﬁﬁ?%#???ﬁstrgted in
er 7 o o e or o T Tu ther w56t oy be.
passed di®@ees yT‘t‘bG 44 tﬂ@épﬁs?sr?pWE@ﬁélFYiﬁﬁ%é‘ﬁ@ﬁ ?atﬁﬁe géésrﬁlig?eg_eoﬁgmea%ls 11]se_hown in
FIG 5 pridf thon ki DaberieANOLOed :2PQA8D: Fkfbe43. | | ustrates in schematic

i npregnation of a supply 51 of taped tube 45. Here, tube 45 is pulled in a

di r ecly O@bgﬁi cay Sl a Y ALEARE AP eRcRifinlicb tavOREsCRYEELppaR fdlel42ng

rollers d 53°Iinto an open top resin tower 54. Resin tower 54 is filled
to a predetmrinvanedrihg¥® bt thietdista eodrabipport HemesetTaped ibest is Hiop s eresh
i npregnat.ed or wet-out .tube 55. Tube 4 S l.eL R glown t he
frill heiIBﬁ’t mg‘fdal[ ?)WPHS%H eog%s%g}aggﬁg enrng tﬁg?@glgi%?%sg{m%%bgg %uglgacﬁgu‘i n an
upwar d di£®gd 108 withdaawaionofheCabkipfadich®pf meul@rsspfidt dnthe 62 alofigweling4 i s
bet ween about six to fourteen feet in height but can be agy Qgi%ht

defined by an arrow B, At this point everted tub& 45 has the structure illustrated inCross-

15 section in FIG. 4 with impermeable layer 38 on the inside and felt layer 37 on the cutside.
Tube 45 is then stored for further use or may be passed directly to a resin impregnation

step and reinforcement as shown in FIG. 5 prior to final wrapping.

[0048]  TFIG. S illustrates in schematic impregnation of a supply 51 of taped tube 45.
Here, tube 45 is pulled in a direction indicated by arrow C by a pair of rubber covered
20  pulling rollers 52 and 53 into an open top resin tower 54. Resin 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
25  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

30 D is ready for adding the reinforcing scrim and final wrapping with an outer impermeable
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25 sufficient to provide a pressure head sufficient to wet out and

i npregnate the outer inpregnable |ayer of tube 45. The hei ght necessary to
provi de sufficient head to inpregnate the inpregnable material is
dependent on the viscosity of the resin, the thickness of the inpregnable
material and the speed through the tower. [0049] At this tinme, inpregnated
tube 55 exiting tower 54 in the direction of an arrow 30 Dis ready for
adding the reinforcing scrimand final wapping with an outer inperneable
Il coating. Also shown in FIG 5 adjacent to tower 54 is a scrimsupply 50
and a wapping and sealing station 63. Scrimsupply 50 includes a roll 75
of longitudinal reinforcing scrim76. Scrim76 is fed up over a tension

bar or roldgling/ TARSGhdWAL B 1RGN ALt tdAg 54! iQ‘é‘F‘sériﬁ%ﬁfJ}.bl?@O%Ed%%‘ﬂ?éinﬁ ube
55. Scrim76 is kept at a sufficient tension as it passées over 5 tension

bar 77 prisd seyingofitwnt63n Berimesupplyt 5G iiskidss atroll slboridloagijpudinad ekinfmeing o

achi eve f. i ve.rei-nf.or ... Resin inpre t tube, 55 and _serim 76
are then géllnl(i-lleqod ' a?%hg 7i@nlg fgdegﬁ%&?:]t ?g 1S]i°Hd1rg‘E3f g@?%w a léalf‘ll;oo%\?nl%la'f;gj iv‘rr]ﬁ%oth? or mer
pi pe 64 oflowed pocteragipisigutanish 5% akdriig 7694 Rdpt ena GFfiaibg: thdden 42t phsseaper meabl e
naterlgl IS everpg& onto inpregnated tube 55 and scrim76 to forma

wr apped t (BI040 4 T it trsentagamit vt oat tuhe 5P rigotroany Yeckamndelggshiene seal

73 as showrehieGERES 1B I : - 4. 4 A a pair
of final pS_ItI i?ng_ r o?l erz gghignﬂq&ﬁg%%%ddm egP%?%%%MgﬁG é% tg?nr}g}vaicl@%g) (I)lgén

r ef ri ger atedrecior kdicsredshi prenowtld’ indn formst alpedid ohfin veapfiQ)s0] sdaiibgn

i i tat | 63 in FlG i n¢l ud f i 64
ey ng o P kR P R T e B A R OB B8
posi ti onederdadéao fokin 4 teappbd bR ORI indeiRbleiuRe vB4ppifg TOMithGh dbe a

resin 'rrperm,=7§1ble filmmaterial 67 that is to be wapped about inpregnated
tube 58 as®3lt/3ias s inrprasscheplaRtt indH G diWippet Bye & 1S BiHleghyD Paheld abr mer
pi pe 64. Begind rbIIRETIRAPE Eahd h:'@f'ﬂ@ﬁéeéﬂ %4‘0\@? tbaréﬁgega'féarﬂ'lfc‘?clf{n‘ m@Rut a
series of direction rollers 68a - and pulled by~a pair of drive rollers
69a and 69binstdlafion site67 is fed over rollers 70a - d to forner pipe 64. A
deflector 71 and onto former 20 pipe 64 prior to being fed into edge sealer
65 to for 0] m Fini wiappmgtandescNgistionasd sdga insal 578clegdsentbimer wipe war dl y

et 21 Oy TR Bl RSB Gy R 20 9 sy o2,

15 the mid-section of former pipe 64. A roll 66 of a resin impermeable film material 67 that
is to be wrapped about impregnated tube 55 as it is fed in a direction indicated by an
arrow [)’ inio former pipe 64. Resin impermeable film material 67 is fed from roll 66
about a series of direction rollers 68a - e and pulled by a pair of drive rollers 69a and 69b
as film 67 is fed over rollers 70a - d to former pipe 64. A deflector 71 and onto former

20 pipe 64 prior to being fed into edge sealer 65 to form film 67 into a tube 72 with an edge
seal 73 extending outwardly therefrom. Tube 72 of impermeable material moving along
former pipe 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

25  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

30 68, Outer impermeable film 72 may be applied prior to or after wet-out. In the case
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pi pe 64 whereupon tube 72 is continuously everted into the interior of
former pipe 64 and onto inpregnated tube 55 and scrim 76 and pulled in the
opposite direction indicated by a 25 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 forns edge seal 73 in filmtube 72
as film tube 72 passes over the outside of forner pipe 64. Once tube 72 is
everted, edge seal 73 is now inside wapped wet-out tube 74 as it is
pulled fromoutlet end 64b of formng pipe 30 68. Quter inperneable film72
may be applied prior to or after wet-out, In the case 12 where this is
prior to wet out, tube 45 prepared as shown in FIG 3 is fed directly to
tube for nivhgeddis énbioy 10 weFb @, tbe afchrgramdi mabown heFIF4A Bedirkdly o tube

For - ar appi g bty FrEET Raat e abac Jovact piogr eght o Kuble 56 16
shown gene y B2 re tube 55 may be 5 inpregnated in the sane

manner as @gé@ri Ef@g'a !%rimlé‘%?fﬁ‘égcaﬂ PR SPRARRHS 57 VEEPRISWH quierRmgerBablsr i nt o
o ot on ap et mkumntﬂiegmmrﬁ%Isgnisrs%{vﬁr%%%ﬂp%s 2, ﬁe&{]g{ﬁegﬁgnﬁgéﬁand an

direct i50n of arrow D into a stuffer pipe aving anin
out | et “endTPstpnateids diceiiae meammer &6 dessibed adodmedtoB wBh dvweerafiphi sbwinoin

identical mterent fihek - ly of .a flexible ingperneable tube 81

i s | oaded onto thetoutl?De[]eg%glﬂaé@e\%mﬁgo%ngwﬁ *Oéﬁﬂspi Eb%g?H%@?Eeﬁgflegﬁ“ i?nl et

end 83a arfdreatiomaftaimty Bhiht@8btuffenpipe §8 abadg bulBBet2d SREaNH BY oli@SieRd KK 53
end.83a o pi pe 83. As tube 55 enters inlet end

is fed intp.inlet ] .S fer ] . ‘

83a of stlﬁ)efféelFmﬁi%@e@és, a%%éi‘héﬁx{)lséll'? gitpdied fo idgntingl elemen®therche out si de of
stuffer pi PS5 33 nd _veét %d igbo_ut inlet end 83a into the inside of stuffer
pi pe 83 t & &mvel d%@ugpﬁbi’ Y HETiIgl iningpEcabl ke B iy badwukomatheoutsidd s88ize Thi s
forns16 comahglf plpk:merhsé i ' ' I I 38 Quter

i nper neabl e (:oatlp_r?é3 81. Tl%%yiéfg&vﬁn?k@%lﬁglgrah?gg%ﬁ% ' ﬂﬁ?@?@g@@g?%m

out | et endFagEs re¥in dankf Feis fedibao 8FctandB3pait stufibr fipk\88. rAd bk $58AaNEHIE8, or

ot her pul Ljngs e ag tr [ i;n.a direction of an arrow F. \Wen
an extruded t ufﬂ(gvs Lﬁgel Ei;b%gg 5 ﬁn}%%rﬁégbgﬁﬁ%)ﬁ isrlrésnli’u,cHefir‘i’ tbe PE‘FSWS of sty APedter
i mper meabkied eqateil a8 1nlefe $alisto thé Msidalor 9N RS piBE 8BFS bﬁ%l&ﬁéﬁﬁlgﬁe%nbﬂédt hi's
manner is,t he%,%%glqt 51 of I nger nmeabl e tube 81 that” 20 can be 'pl aced on
stuffer t B8 333 Mt 194 BUEH $UA-t nBES deu 2 1opadetp dister of6 having inner
15 impermeable layer 38 and outer impermeable coating 81. Tube 86 with outer coating §1
is removed from outlet end 83b of stuffer tube 83 by a pair of drive rollers 87 and 88, or
other pulling device such as tractors, in a direction of an arrow F. When an extruded fube
is used in this embodiment, there is no seam in outer impermeable coating 81. The sole
limitation of preparing tube $6 in this manner is the length of impermeable tube 81 that
20 can be placed on stuffer tube 83. It has been found that about 1,000 feet of an
impermeable tube can be compressed onto a stuffer tube of about 20 feet in length,

Longer lengths 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

25  impermeable inner coating 38 sealed with a tape 48 &s 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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i nper neabl e tube can be conpressed onto a stuffer tube of about 20 feet in
| ength. Longer |engths can be stored on | onger stuffer tubes. [0054] FIG
9 is cross-section of finished CIPP liner 86 as it exits stuffer tube 83.

Li ner 86 includes inner tubular nmenber of resin absorbent material 37
having an 25 inperneable inner coating 38 sealed with a tape 48 as
described in connection with FIG 3. After exiting stuffer tube 83, |iner
86 includes outer tubular wapping 81. In view of the fact that tubul ar
wrapping 81 is a previously extruded tube, outer wapping 81 does not have
any seans as liner 21 in FIG 2 or liner 74 in FIG 7. 13 [0055] Once at
the installation site, reinforced and wapped i npregnated tube 74 or 86

havi ng inp{@mssq npemreabihe idsaRFoB Sitd Rl Ride8and KPAIHYE R pM418PRIBET46F 801 81
i s ready installation by the puII-ln and-inflate nethod. This pethod

is fully desiseigssimperpesle ldpat Ehendwiier4mpesnmble, Wieprng SAwe L & AR ch ar e
I ncor por atn?flai fipg'tbg Ry %’Hﬁgﬁ LR Haed B e%% 5Tﬁ1§~°r§etg§ 111,4‘ 1R é&&ﬂ%’c@i fyytde

puII-|n an a separa € eversion i S no necessary
t o i nfl at @ateheNbi 4805 @lﬁletheocdnlnmtqomfe\smnhezeomcorpmeredmmmm beatieentaykrthd8. By
als _for i er,neabl e | ayer. 3 uch a

| t
Bgfsgﬁéﬁﬁr’gﬁ%eéfom%’@hﬁﬁa T BRI R e SERRm T SheCit Ch R R e 74

once in pastdssBN tb rhﬂd'%ﬂ@‘)(ln&ﬁ'diﬁ tOCt‘HE'q}k'ésEnce]-Qf 18858 hp L1880 1hRy neadsly
seen, there is provided a convenient nethod of increasing the | ongitudinal

st rengt h ®fors: pelestios| & wategalsi for pmmenmeﬁmabwawﬁgw,nmh anePlpyeeylene,
| nper meab Icﬁ m% ﬁ% e%io 1@%1‘@'5?&%& ﬂlgltl ?dﬁc% {)Iﬁfal ln{%g 74 roﬁ?% ﬁipcb{t{oﬁqgrﬂﬂ ﬂltﬁl € warp

direction on Fom of ner, e cure | ace

| i ner of cmmhmased potentlal Iongltudlnal strength i s obtained. ThIS
allows for pulling in long lengths of liners or liners of substantially 15
| ar getOt hig056he &sicachescatiiipsedml therdit ipldvidd of ohvaBem shdthesSofandeannyvat i onal

sanitary Wer wi t ho enci nwant ed stretch of the liner. The
r ei nf or Ci 511%3851?%‘ 8%@%@ cves?cp @ﬁa%.@ﬁ hayingrighH and st SReEmeale

fibers, Cang/Brsa )&%1@@]@ a @Q’hﬁé%{!ﬁé gl&@ét%‘?r%ﬂf@{h &Ne werh la%&tc@,domla %Bft&ﬂ%e”e

nyl on, even Steel. The scrimmay be woven non- woven,
but pref eﬂ@ti%yﬂﬁtsln%\aefkmbm euredin blecd bmaxr@ﬁmfeam@wo@wtai }mngmdmlls@ﬁmgﬁh e, 20

2:‘ ?gctSt { ﬁﬁ%ﬁ%mﬁ@cg ITHlS Eﬁf %ngf%l puﬂn fgazgrlloﬁ'gs Iengths of Thters>bf ﬁnels 0?’%ubstant1aﬁ0t

15 larger than the 8 inches typically utilized for main lines and conventional sanitary sewers
without experiencing unwanted stretch of the liner. The reinforcing scrim can be formed
of any high-strength low-clongation fibers, such as glass, polyester, polyethylene,
fibulated polypropylene, nylon, carbon, Aramid and even steel. The scrim may be woven
or non-woven, but preferably is woven. It can be formed of any continuous, flexible,

20 high strength and low elongation fabrics or films, since they will not affect the
impregnation process and circumferential expansion of the finished 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
25 FIG. 3 is then readily impregnated in an open top resin fower 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] Tt will thus be seen that the objects set forth above, among those made apparent

30 from the preceding description, are efficiently attained and, since certain changes may be
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i npregnation process and circunferential expansion of the finished |iner.
The ease of fabrication allows for the continuous assenbly of the
longitudinally reinforced Iiner from plain felt supplies in a continuous
manner by the apparatus disclosed. [0057] The tube prepared in accordance
wi th the process described in connection with 25 FIG 3 is then readily

i npregnated in an open top resin tower and enveloped with the reinforcing
scrimwi thin an inperneabl e wappi ng as described in connection with the
apparatus shown in FIG 5. The snooth outer surface renders the |liner ready
for pull-in- and-inflate installation. [0058] It wll thus be seen that the
obj ects set forth above, anong those nade apparent 30 fromthe preceding
descri ptign,. are. i ci ' o I~ ri.ai: 2541 be 14
made 1 h ol B D o B e oy

t he constgeuédritowitisut deettifodrdrh thwi spivtund degparot itheginfensiont hés ispshddct thatridl scope
of the invention,.it.is intended that all matter contained in bove
descri pt i@ﬁﬁ%ﬁan@ﬂﬁﬂsm”iﬁ aﬁ%‘@ ‘%ﬁ%@&?ﬁ%ﬁ@‘?ﬂﬁ’wﬁr]ﬂ\ﬁ%@c@gﬁﬂp@w&}% gfaﬁ@‘gksﬁg}é&rﬁpr et ed
as il ustgahicy ek N@tratife d dofid 4 MEitipeBSRe. 5 [0059] It is also to be
understood that the following clains are intended to cover all of the

generix apgsgpectifid Sisd RALRR Rlodihe thd BBk IRNINEE AtinERged th@Fepabofl |
statenents of  the scope of the invention which, as a matter of |anguage,

ni ght be thaigdnaio shdlspectitieficaibess wé éie. invantioL herviB devweilrpd el el Ajalorpnissf the A

met hod of preparation of -a.longitudinal [ejd C | .ace liner,
conprisiﬁﬁgp%g§#%5W8£W6vgm?¥ %gnéﬁ%Pg%nb%ﬁﬁﬁ%§£ﬂ%ﬁ%%ﬁ8g@F%@ng?%éE

i npregnable material in lay flat condition; placing a scrimhaving greater
strength in the warp direction on at least a portion of one flattened
surface of the tubular menber; and placing a resin inpernmeabl e coating over
t he tubul ar menber and scrim 10 2. The nethod of claim1, wherein the
scrimis applied to the bottom surface



of the flattened tubular nenber. 3. The nethod of claim1, wherein the
outer inperneable coating is placed about the first tubular nenber by:
continuously providing a tube of inperneable material noving in a first 15
direction; and everting the tube of inperneable material to envel ope the

i nner tubular nenber as the inner tubular nenber noves in the opposite
direction to forma wapped tubular liner with resin inpregnable materi al
and reinforcing scrimencapsul ated between the outer inperneable |ayer and
the inner inperneable |ayer. 20 4. The nmethod of claim 1, including the
step of inpregnating the resin inpregnable material with resin prior to
positioning the scrimthe lay flat resin inpregnable material and bei ng
envel oped by the outer coating. 5. The nmethod of claim 1, wherein the step
of inpregnating the resin inpregnabl&AdSerial includes passing the first

i nner tubul ar penber through a resin bath 25 prior to positioning the
scrimon the r &SHATISA éSmaterial. 6. A cured in place |iner,

conprising: a fi r_StAsrﬁcﬁh&goW‘g#iré‘tﬁonn&{mgﬁgi%\ﬂaﬂg rﬁﬂfcir&ﬁeorurédm rlég}é%lse.
|l ayer; a reinforcing scrimhaving greater strength in the war ‘recrion
posi ti onedonprsiag: | east a portion of one surface of the flattened first

t ubul ag. menber so as nat to. 30 inferfere with radi al. expansj on of the
li ner; %and 16 an ou?lg?'l%fnegs? ﬁfﬁ%ﬁ%‘?%gilﬁllabn}c 8’r°ftrﬁ‘ §50sew 595'6@'[0 PHER Bl ar
menber anday 8&cofditidn; The cured in place liner of claim6, wherein the

scrimis disposed to the bottomsurface of the flattened tubular nenber. 5
8. The cured in pl aRecing Aseripf haying greder sitraedi i thhevatuBuedion mentideashas an

0t PR pignes St B Sl BhgB L et Of claim T, wherein
placing a resin impermeable coating over the tubular member and scrim.

10 2. The method of claim 1, wherein the scrim is applied to the bottom surface
of the flattened tubular member.

3. The method of claim 1, wherein the outer impermeable coating is placed
about the first tubular member by:
continuously providing a tube of impermeable material moving in a first
15  direction; and
everting the tube of impermeable material to envelope the inner fubular
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.

20 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

25 prior to positioning the scrim on the resin impregnable material.

6. A cured in place lner, 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 o as not to

30 interfere with radial expansion of the liner; and
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10. A cured in place liner, conprising: 10 a first tubul ar nenber of resin
i npregnable material; a reinforcing scrimhaving greater strength in the
warp direction positioned on at |east a portion of one surface of a
flattened first tubular nenber so as not to interfere with radial
expansion of the liner; and an outer resin inperneable coating di sposed
about the tubular nenber and 15 scrim 11. The cured in place |Iiner of
claim 10, wherein the scrimis disposed to the bottom surface of the
flattened tubul ar menber. 12. The cured in place liner of claim 10, wherein
t he tubul ar nenber has an inner inperneable |ayer. 20 13. The cured in

pl ace liner of claim 12, wherein the tubular nenber has an integral inner
i nper neabl e | ayer. 2R outer resin impermeable layer disposed about the tubular member and

scrim.
7. The cured in place liner of claim 6, wherein the scrim is disposed to the
bottom surface of the flattened tubular member.
5 8. The cured in place liner of claim 6, wherein the tubular member has an
inner impermeable layer.
9. The cured in place liner of claim 7, wherein the tubular member has an
integral inner impermeable layer.
10. A cured in place liner, comprising:
10 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
I5  scrim.
11, The cured in place liner of claim 10, wherein the scrim is disposed 1o 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.
20 13, The cured in place liner of claim 12, wherein the tubular member has an

integral inner impermeable layer.
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