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In one known process, pipes are lined with- a flexible
plastic such as polyethylene. According to this process the liner
is installed through insertion pits at intervals along the
plpellne, making the process expensive. '

According to another process, shown in, for example, U.S. ‘
Patent Nos. 3,927,164 and 4,064,211 a flexible tube is turned ﬁ_

k_/- inside out as it is inflated and blown into a pipeline section from
one end of the section. This process is expensive because it
requires special equipment, extensive heating and expensive
materials.

The above mentioned processes and most others use a
flexible or semi-flexible 1liner which is not capable of
withstanding any appreciable external hydrostatic or earth
pressures. Thus the existing pipe may not be properly repaired
since if any part of it is broken away, the liner can possibly
collapse from external pressure of any magnitude, such as
pressures, for example, which exceed about 4 pounds per square

inch.
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2 Both Thomas et al. U S. Patent No. 4,394,202 and Harper et al. U.S.

Pat ent, No:*. 2, 794, 758 al so di scl ose processes of inserting flexible tubing
i nt o\an exi sting pipeline as a | i ni ng menbrane for that pipeline. Thonas
di scl oses a nethod of attaching the flexible tubing to the existing

pi pel i ne usi ng an expandabl e short section of adhesive-coated rigid

pl astic. Both the Thomas and Harper processes have the same drawbacks as
previously mentioned with respect to other prior processes using flexible
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or sem-rlgldtue nsertion.
d usmg heat and J.nternal pressure. The plastic tube is

expanded against the existing pipe. _

According to British Patent No. 1,580,438, an existing
underground pipe is lined with a plastic liner tube made of a
plastic material such as pquethylené or polypropylene having a
plastic memory. The liner tube is manufactured in an out-of-round
"U" shape to fit inside the existing pipe, then inserted in its
out-of-round shape into the existing pipe, and then expanded

W against the existing pipe under heat and pressure to a round
condition.

The published EPC Patent Application No. 0,000,576
suggests inserting a semi-rigid plastic tube insert inside an
existing pipe. The semi-rigid plastic tube has sufficient hoop
strength to withstand all or at least part of the external
pressures that may be imposed upon it.

a. . Repai Croo i ines and

ipelines Wi es 0 o}
. Most of the foregoing and other known prior art processes
employing rigid or semi-rigid tubes for insertion in an existing
' underground pipe have a common drawback: because of their rigidity
or near rigidity they must be inserted in straight or nearly
straight existing pipelines. This means, for example, with respect



under ground pi pe have a common drawback: because of their rigidity or near
rigidity they nmust be inserted in straight or nearly straight existing

pi pelines. This neans, for exanple, with respect 3to underground sewer
| i nes, such known processes are limted to use in sewer mains because they
usual | y have straight pipeline sections between manholes. Mst if not all

of such known processes are not suitableisfor use in repairing the numerous
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access therspaitity existing underground pipelines require access to the

pipeline section to be repaired .at both ends of the section. This
is not possible with a lateral, which by definition intersects a
main line at a point that is usually not accessed by a manhole.

For the foregoing reasons, the known underground pipeline
relining and repair processes are simply not applicable to building
sewers.

b. epai Sewver ins

Another disadvantage in using known processes of
repairing and relining existing pipeline sections intersected by
building sewer lines using straight rigid or semi-rigid tubing is
that once the tubing is in place in the existing pipeline section,
it is very ‘difficult to locate the exact positions where the
service laterals intersect the main pipeline so that access
openings can be cut in the replacement tubing to access the service
laterals. This is especially true if the replacement tubing has
sufficient thickness and therefore sufficient hoop strength to
itself withstand typical hydraulic and earth pressures}

For the fore@cing reasons, there is a need for improved
methods, apparatuses and tooling that would enable the repair of
existing underlying pipeline sections, and especially building



laterals. ,This is especially true if the replacenment tubing has sufficient ™
t hi cknéss,:and t herefore sufficient hoop strength to itself withstand

typi &d- hydraulic and earth pressures For the foregoing reasons, there is a
need for inproved nethods, apparatuses and tooling that would enable the
repair of existing underlying pipeline seations, and especially building
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and especi al 7% 2xehiNFIFIRFEEEY, 1aFeERL (FRFVACR &AERPI acenent pipe section
has been inserted in & f @l lethadrd instalbing af aewi ony repliacenest fhineline

rounded Shap&a@ﬂ;ﬂi ih tapxee:?ﬂﬁgfgnﬁg%&nd conduit, and especially one that
is not straight or that is intersected by building sewer lines:

4. Apparatus and tooling for manufacturing a replacement
pipeline product as aforesaid:

5. Apparatus and tooling for installing 'a pipeline
preduct as aforesaid in an existing underground conduit, and
especially such a conduit that is not straight or that is
intersected by lateral service lines; and

, 6. Apparatus and toocling for reforming a new or
— replacement thermoplastic pipe section installed in an existing
underground conduit, and especially a building sewer, after the new
or replacement pipe section has been inserted in a folded
condition, by reforming it to a stable rounded shape within the
existing ;onduit. '




-5- According to the invention there is provided an apparatus for

manuf acturing a length of rigid thernoplastic pipe in a reduced forhy _
characterized by: extruder neans for extruding a thernoplastic N
material in a hot plastic state into agl ength of pipe having a
substantially tubular cross-section of desired size; and calibrator and
cooling neans for shaping and maintaining the extruded thernoplastic
material in a desired reduced formof non-cylindrical cross-section wherein

al | dimensions are | egscbfdingheot the! @ﬁvéheean Pheirdl 33! proviiaegppar at us
i ncludes pressure neans for naintaining the shape of the extruded materi al

in the calibigtppdPatss f@FVﬁQhﬁB&éYuriH? B Fendth BFaRSgig @ vacuum
applied to the out5|de of the pipe. Advantageously, the calibrator and

cool i ng neanshéfmopPast idChefeSPnt HatelliGedi Eorns thdrabrterikzedne
calibrator means in a hot plastic state such that the pipe in the reduced

formw |l rebgtn a meextyudler mb&nsefiofedxtouding af ehermppliaae ieal | br at or
means i ncludes an opening for shaping the extruded material which has a
short | eg amiaterbal imgaahdtaplashiledstate patbi anlengthbetfwpdpe [t shoul d
be noted that the present -6- application was divided from GB 8908227.5
whose cl ai nshaeing eatsubstapt dsthentubuperperosst-sectiosuedd form for
insertion in_an existing conduit conprising a length of pipe of

substanti al |I§esixed size; and

callbrator and cooling méanijor shaping and o
maintaining the extruded thermoplastic material in a
desired reduged form of non-cylindrical cross-section
whereih all dimensions are less than the tubular
shape. |

Preferably, the apparatus includes pressure
means for maintaining the shape of thé extruded
material in the calibrator means. Conveniently, the
pressure means ié a vacuum applied to the outside of
the pipe.

Advantageously, the calibrator and cooling
means are constructed so that the pipe is fed through
the calibrator means in a hot plastic state such that
the pipe in the reduced form will retain a memory for
the reduced form. -

Preferably, the calibrator means includes an
opening for shaping the extruded material which has a
short leg and a lon§ leg #nd a rounded fold portion
therebetween.

It should be noted that the present



thernmoplastic resin material such that the pipe is rigid at anbient
t'enperatures and is pliable at or above a predeternined el evat ed
tenperature, said pipe in reduced formhaving a flattened and

| ongi tudi nally fol ded shape including first and second | egs interconnected
at rounded bul bous | ongitudinal fold portion, the first and second | egs of
the fol ded pipe terminating at round bul bgus free ends defining fluid
passages through the interior length of the fol ded pipe, one said | eg being
| onger than the other such that the bul bous end of the shorter |eg nests
behind and in overlying relationship to the bul bous end of the |onger |eg

to mnimze theapgeiabk ibhi wkBeasveheline bl dos Fﬂdﬁl@ I s al so

drawn to co-pendi ng divisional application No. 920 .1 whose cl ai ns

relate to apparglasmore RRE! @6t U rBP1ackABALD Tquper g daddierippl astic
pi pe-in reduced form and includes an extruder for extruding a hot

thernopl astic npe@uced EbrA ForeifkBreficR R Qn l&XEtAmC BIRIyit Section,
and calibrator and cooling neans for shaping and naintaining the extruded

material in redosmprisiny _Iheeﬁgtﬁg%j!gr@gé o aupaiadttisl e atiyies and
advant ages of the present invention wl econme nore apparent fromthe

fol l owi ng det ai therreplaspticopeshhChapeesaddsudh R el &hRNGA geo ilghe
acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF DRAWNGS FIG 1 is .a

cross-sectionalrigid at ambienti bamperhturepl anid dspipld.abiecataorPVC pi pe
used in accordance with the invention in its expanded rounded conditi on;
FIS& 2 is a perspevei eepredetefnihed elevated temperature,
said pipe in reduced form having a flattened
and longitudinally folded shape including first and
second legs interconnected at rounded bulbous
longitudinal fold portion,
the first and second legs of the folded pipe
terminating at round bulbous free ends defining fluid
passages through the interior length of the folded
Pipe,
o/ one said leg being longer than the other
such that the bulbous end of the shorter leg nests
| behind and in overlying relationship to the bulbous
end of the longer leg to minimize the overall
thickness of the folded pipe.
Attention is alsq drawn to co-pénding
divisional application No. 9204728.1 whose claims
relate to apparatus for manufacturing a length of
rigid thermoplastic pipe-ih reduced form and includes

an extruder for extruding a hot thermoplastic

material into a length of pipe of tubular cross-



thernoplastic pipe of FIG 1 and apparatus for reducing the pipe fromits
round condition to a coll apsed and fol ded condition for storage-:on a*spool;
FIG 3 is a cross-sectional view of the thernoplastic pipe of FIG 2‘éftQLJ
it has been folded as taken along the line 3-3 of FIG 2; FIG 4 is a

di agrammatic view show ng a process of installing the fol ded and spool ed

t hernopl astic pipe of FIGS. 2 and 8 Withinm a sewer main froma manhol e, the
fol ded t hernopl astic pipe being stored on a roll and being reheated for
installation in the underground pipe to be rebuilt; FIG 5is a

di agrammatic view, in section, showing a detail of apparatys for expanding
the fol ded BRek 48R} ad3BAcCPlibTator) &nt Eqa%}QQEﬂﬂﬁqéiﬁaﬁrﬁfﬁﬁlQﬁter it has
been inserted_ in the existing main pipeline as, shown in, Fl 4: FIG 6 is a
diagrannatiEnéiEQ}nFﬁ1§é99iGgP sx&FNAgda Mt ah iR FeYRY ure for

expandi ng agd roundi ng the fol ded thernopl astic pipe after its insertion
in an exi stfAfPeconduit; FIG 7 is a schematic Sectional view through a
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T he and 11 ust vat i nEhe” hoFRaa oe RS StRaTy STy ARALHATE pipe i an
exi sting builajnﬁ seyer in 203 rdance w%th t he Jinventi.on; rgéa 8is a
sectional vRBH BAVBRERIES,PEr ERE.RTESER A RMRPLIRN rﬁ)‘pﬁgﬁﬁ Wt pe of FIG 1
wh fol ded_f install ati i iySti, ii._FIG 9 i
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enl arged sc sed to manufacture the thernoplastic pipe in the form
shown in Flé%ggiﬁgg' '

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is.a cross-sectional.view of
COnQentional thermoplastic pipe, such as PVC pipe
used in accordance with the invention in its expanded
rounded condition;

FIG. 2 is a perspective view of the
thermoplastic pipe of FIG. 1 and épparatus for
reducing the pipe from its round condition to a
collapsed and folded condition for storage on a
spool:;

_ FIG. 3 is a cross;sectional view of the
thermoplastic pipe of FIG. 2 after it has been folded
as taken along the line 3-3 of FIG. 2;

FIG. 4 is a diagrammatic view showing a
proce#s of installing the folded and spooled
thermoplastic pipe of FIGS. 2 and 3 within a sewer

main from a manhole, the folded thermoplastic pipe



FIG 11 is, an elevational view of a single calibration plate of the
callbrator of FIG 10 as viewed fromthe line 11-11 of FIG 10; FIG 12 is
a plax. view of a folded end portion of the thernoplastic pipe of FIG 8
with an attached end clanping neans for use in pulling the pipe into an
existing conduit and for restricting the pipe end to enable internal
pressurizati'on of the pipe for expansion;oFIG 13 is a sectional view taken
along the line 13-13 of FIG 12; FIG 14 f2 a sonewhat schematic plan view
of a cable- and-pull ey apparatus of the invention, also shown in FIG 7,
for pulling the fol ded t hernopl astic pipe of FIG 8 into a service |ateral,
t he apparatus bein Wnlnlts ogiratlve 05|t|o %a 5|saV|ew

simlar to FIG Efl’t SUF WFH Phle a5 tlaf&g “lglgGr il apsed

condition for in eryice_l| G rﬁy\/n
schematic side é?‘g\?élﬁgﬁéﬁnvﬂg té Pﬁg%%%?uﬁduf (#e OG% % FI G
17 is a side el evaiiopal—w-ew——of_2a nl ||r1r1| ng tool_used in nI l](lgl ng._an end of
a length of the thernoplastic pipe shown in FIG 8 after the end Aas been
rounded, for use in transmtting fluid, heat and fluid pressure £o the
interior of the thernoplastic pipe; FIG 18 is a | eading end elgvati onal
view of the tool of FIG 17; FIG 19 is a view of an end of the

t her mopl astic pipe with the plugging tool of FIGS. 17 and 18/inserted in
the pipe and clanped in place with a chain clanmping neans; FIG 20 is a
view of the chain clanping neans of FIG 19 before its app)fication to the
pi be/and plug of FIG 19; FIG 21 is a cross-sectional vigw taken along the
line 21-21 of FIG 19 showing the chain clanping tool of/FIGS. 19 and 20

cl anping the thernoplastic pipe end to the plugging to of FIGS. 17-19;
FIG 22 is a somewhat schematic |ongitudinal sectional




Vi ewthrough a leading end portion of the thernoplastic pipe of FIG 8 W|th
the end clanp of FIGS. 12 and 13 applied to the pipe end and with’ the _
remai nder of the pipe expanded and rounded, and with a cutting tool S
accordance with the invention inserted in the roundi ng pi pe end portlon ?'/r
severing the clanped end fromthe remai er of the pipe; FIG 23 is a
sectional view of the pipe and cutting t of FIG 22 taken along the line

23-23 of FIG 22; ‘Fl 24| g asc(ige gﬂc dgeo#ﬁ?rﬂ étiﬂﬂ}néplwof
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i1l ustrati nbrshhhhfNx18G the thermoplastic pipe of FIG. 1 in a folded form
as shown in FIG. 8;

FIG. 10 is an elevational view of the calibrator of the.
apparatus of FIG. 9 on an enlarged scale as used to manufacture the
thermoplastic pipe in the form shown in FIG. 8;

FIG. 11 is an elevational view of a single calibration
plate of the calibrator of FIG. 10 as viewed from the line 11-11
of FIG. 10; _

FIG. 12 is a plan view of a folded end portion of the
thermoplastic pipe of FIG. 8 with an attached end ¢lamping means
for use in pulling the pipe into an existing conduit and for
restricting the pipe end to enable internal pressurization of the

pipe for expansion:

FIG. 13 is a sectional view taken along the line 13-13
of FIG. 12;- .

FIG. 14 is a somewhat schematic plan view of a cable-
and-pulley apparatus of the invention} also shown in FIG. 7, for
pulling the folded thermoplastic pipe of FIG. 8 into a service
lateral, the apparatus being shown in its operative position;

' FIG. 15 is a view similar to FIG. 14 but with the
apparatus of FIG. 14 in a collapsed condition for insertion in a
service lateral;



use of the.inflatable plugging tool of FIGS. 25 and 26 to expand and round
t he fol.ded ther nopl ast.i-c. pi pe .after it has. been.inserted into an.existing
under\gr-ound conduit; FIG 33 is a schematic view of a nmain pipeline section
and an interfsecting service lateral pipeline illustrating an alternative
met hod of pulling the thernoplastic pipe of FIG 8 into a service |ateral
to be repaired; FIG 34 is a schematic viewd»f an end portion of the folded
t hernopl astic pipe of FIG 8 illustrating one nethod of releasing the pull
cable fromthe | eadi ng EDG. afé tihea Homewhét eschemabis sicie el asetiondli view of

under ground cofllidpnalehfhis 3¢ iFrc8. Sehedmy i1g;view simlar to FIG 34
illustrating still "anot puy,

t nethpd of releasing,the |l cable fromth
t her mopl astic pipe aft eFﬁf‘t %%s’?%eper?’idﬁs&al?gﬁgﬁm} e (Ot Pnﬁiﬁ?ﬁl’é}gg(r%’l?&d
conduit; FIG @&d dngpluggingnan endeof thleogth dfethattregwoplastisf pipe miiown
pi pGel | ne ang ai&?ffl‘éit.clﬁligé&‘ @hepéﬂégﬁag? b_@téhefo\yaﬁdt,h%M@ﬁtd Qr?x‘lﬁ@i&:fing
as beep i, ed _agnd. expanded w thi he. majn pipeline to he .
repaired, and.&"ﬁr}%s P2t iaﬁa gl‘ﬁ’é’toﬁﬁﬁs Hre BEa*fq}%énﬁﬁﬁl ] iﬁ(f &ﬁeszb%;ﬁ‘-aﬁé:xc
t hrough t he nemdpesinstal | ed 12 thernopl astic pipe to reopen

communi cation between thgssaVigea 13aRial il et BPatPIhIPvREY i d¥etnE] €o013 851 S
a schematic S|pﬁ; el gyati onal view illustrating and net hod and apparatus for

fol ding a thernopl é‘st’i c pipe that has been nmanufactured round, for
insertion in an existinfr&ndk? gisoenviewnafi an encHL e rehernoplantin Ripe
secti onal vi ewsithlkna, pIwvfgiegt t¥sl o Fhesg 17hanbi pesinsesta8Aid heugipe and
38E38E of FI %la%%dFFSi TPakd %i@{lsg { ﬁgﬂgﬁ%l aLg,‘is(;e el evational view
of a releasable end c an%%?nd attache pulc_ cabl® and rel ease line, for use
in clanping the | eadi ngF&hd 28 18t wigWdes thepehain mlampang meang PESFIG. 19
i nstall ation; ¥dfored@tssSapplicatibantyithe pipéhsend iy afpFoé. Al9G 39; and
FIG 41 is a top plan VpgW of; tiRer gl6856HR99RaPOFidP taken along the line
21~21 of FIG. 19 showing the chain clamping tool of FIGS. 19 and
20 clamping the thermoplastic pipe end to the plugging tool of
FIGs. 17-19;

FIG. 22 is a somewhat schematic longitudinai sectional
view through a leading end portion of the thermoplastic pipe of
FIG. 8 with the end clamp of FIGS. 12 and 13 applied to the pipe
end and with the remainder of the pipe expanded and rounded, and.
with a cutting tool in accordance with the invention inserted in
the rounding pipe end portion for severing the clamped end from the

— remainder of the pipe: ,

FIG. 23 is a sectional view of the pipe and cutting tool
of FIG. 22 taken along the line 23-23 of FIG. 22:

FIG. 24 is a somewhat schematic side elevational view of
an end heater apparatus used in heating an end portion of the
thermoplastic pipe for reworking the end portion, the heater tool
being shown installed on a folded end portion of the thermoplastic
pipe of FIG. 8; _

FIG. 25 is a perspective view of an inflatable end
plugging tool used in plugging or restricting the end portion of
the thermoplastic pipe instead of the end clamping means of FIGS.
12 and 13 to enable expansion and rounding of the folded
thermoplastic pipe:




_of the clanmp of FIG 39. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
Repair OF Sewer Mains And The Like Wth reference first to FIG 1, the

t auneral 10 designates a type of pipe which is used to rebuild, repaiTr’ or L
repl ace underground pipeline sections such as sewer pipes or the like
according to the present invention. A characteristic of the pipe is that it
is fornmed of a thernoplastic material such as PVC, and nore particularly a
material that is nornmally rigid and thick- walled so as to have sufficient

hoop strength to wit B¥€anth el& & fareshrrhengd edpyphirnal Fie¥syuPaEEY Hhich
it mght besectinated ofhehe uirflagabladpipéeetoss val. t #&s nopl astic pi pe can be
made pliabl e upon hegkin t I [ ve
in the case of PVC Frsl%7 Xsc§%§? grdligﬁf igéwo_fi i?‘ﬁlse&p&?qg&iaos iigl%'lth hé?étl:?é}?s '

pi pe.
structural |9 rited ‘éifp]ta}ﬁP?:%I PIVGEART H9%de-QF oBRES anddud: g?Sutd the
t enper at ur eshdartoglastidespipe ahlea andamonipgandedt and/ arounded sterphit iwhnen

heated or reheatedgrg, ABOtREra SHAUMAGIR ivilhC siffitasUeB FIRL MR asid C
material is that it _has.,a nmepory: that 1s, if 1t 1s manhufactured,in a
particul ar SRS FBe 2iPY ?gvu?%%'d FuRfiter dhapes hrent W&'f"ﬁgf‘ér'wh‘é’bttélf and
flattened oinfldatiduieapliughign acdelfdated imlizlioaeingiders fol ded shape, and
t hendr ghfaheﬁ Wt EOUE’IéSéS)éd fi'snhi sthenitile V2B iﬁﬂs@&ﬂﬁ%héftﬂet %s_@rb?!ﬂfl'ﬂ
rounded tu shape. nversely, e pipe.ls nuf actured.ipitially
o or exalpflatarlaTariging Bopliaf ERE; %800 sndutind tsmiieBion ) o
in FIGS. 3 thel Semmophasticepipeainca srrwiceabateraktder internal pressure to
a [f”[‘deg tshameI and Fh@ptm%ed,aaéeﬁl tﬁ.ﬁabiiﬁdﬂl’ﬁs:cd-ﬁt{)ﬁ&mht labaweh df% du
Wi en return | ori.gin 0 ape | bsequent |y reheate
wi t hout 7re§ﬁaﬁ .ata-gl’rkﬁ ggr’r@ﬁoﬁf{ a%%%g:Fg‘oé)? Wei_gher mopl astic pipe is
used to advant age i nF&@rtHi s mehepadiciewpfusther ihlestrafingathe use
;:ﬁnvent i onfég 21339 [ieﬁdhtabmthu@b!iagpw@lqig élshesltD {%9 atee s .ij[nﬂaﬁfaﬁ%&rwaeng

e presen venti C e pi pe wi st andar
di mensi on r%%%?&eoggg#%%;&ﬁg%ﬁéﬁ%%ﬁq lgﬁlb.ék%éefss) in the. range of- 13 to
65 presently avail abF&Sf 032 i@ FCHEMALHF peiqwhddluseratdngdsiinl | ppriherat er
| i nes, etc.use of the inflatable plugging tool of FIGS. 25 and 26 to expand

and round the folded thermoplastic pipe after it has been inserted
into an existing underground conduit;

FIG. 33 is a schematic view of a main pipeline section
and an intersecting service lateral pipeline illustrating an
alternative method of pulling the thermoplastic pipe of FIG. 8 into
a service lateral to be repaired;

FIG. 34 is a schematic view of an end portion of the
folded thermoplastic pipe of FIG. 8 illustrating one method of
releasing the pull cable from the leading end of the pipe after it
has been inserted in an underground conduit;

_ _ FIG. 35 is a schematic view similar to FIG. 34
illustrati;:g still another method of releasing the pull cable from
the thermoplastic pipe after it has been inserted into an existing
underground conduit;

FIG. 36 is a sectiocnal view through the intersection of
a’ 'main pipeline and a service 1lateral pipeline after the
thermoplastic pipe of FIG. 8 has been installed and expanded within
the main pipeline to be repaired, and illust_:rating' a method of
locating and cutting an opening through the newly installed



‘Al though in the nost preferred enbodi nent of the present invention the
thernnplastlc pipe is manufactured in a fol ded shape as showmn in FIG 8 in
t he nanner described with respect to the apparatus of FIGS. 9-11, at | east
certain aspects of' the invention can also be practiced using a

t her nopl astic pi pe manufactured in a tubular or round shape. FIG 2
illustrates apparatus 11 for reshaping the cquentlonal PVC pi pe 10 that
has been manufactured in a round shape. FIG Illustrates a cross-section

of the pipe aftegnéimdiaasteen pﬁpshaeedrebye:il abii tatdod betdéay tise ngeitice

appar atus of Fl p [ L¥ay fhe, PVC pipe is heated in any
conventi onal nar%n%%erés\%c%d @E% 'Ea%hg %‘elmen‘eans I'1'a, which may be

thermostatically controll é'ésst ah$ @oicbﬁmadillﬁ?oﬁﬁﬁgleﬁﬂ?h‘?ﬂﬂlnblew 111“5trat1"g
t her nost at i cal | yasdniethodesn® lapphfatud Faki ﬂ@l@i@mntﬁerﬁaplpassc mipehthat has
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tenperature sufficieng I'C or
flattened or pre?‘é‘?‘%{'b’rty folded, in a foI d| ng apparat us 11 to reduce |ts
overal | cross-sectional dIFL'[BSSI cmsm t heé | schematdgablsectionadi nyipws | etiaken,

readily Into an WSOy, CoNGY tnl2Yifis LRR-S8IC ol YeBLiseh beyrtel aFr;

i nside dianmeter than the o i anet er r

ernopl a
pi pe. The thernopl astic plFSQ 07}9 Féd%u(?@d‘eVBFﬁe"’tF’iﬁmﬁéﬁgl %’ﬁ’ﬁ §??Y‘T jt Loy ot
10a in FIG 3. Ahthelegsdble endtclkinp and| &t&chdd millatesle dndnurelecase yline,

pi pe fol ding.- mea r f AR It a t B9de b€ pIg. 8
illdstrated in n§‘r§re ‘gse%) ﬁftdlgﬁhlﬁe%gc?gtg%ﬂ%e app?gr g?ﬁsf%‘fdalél g.:-337 and

38A-E.  There ito%Fin9 bietssééﬁtT Ré round pipe 10, after passing
t hrough the heater |la, iFIGiren ifsl attemadany vieyaef tite epposiampf P&t FERi AP
rollers 60, 61 agggthen passed beneath a folding wheel 62 while supported

progressively by three di re sets_of falding rollers_6

pair of folding rollers G%Eg r"rsaﬁg‘é%F gt 5'036%? % ﬁéﬁ =i Hf'ﬁg V\#ur%%mn

62 to begin fol dphigths mdanp oﬁtHGa BJ95hape Then the three folding rollers
) . o

64 continue the folding pﬁgg_ Yy (O TR REFERER g
cooperation with fol ding ee . Fb I‘y f fo G Lol di ng rollers

65 are arranged in a U shape f ' wheel 62 to
conpl ete the fol ding of pﬁéghmfpng@ce first to FIG. 1, the numeral 10 designates

a type of pipe which is used to rebuild, repair or replace
underground pipeline sections such as sewer pipes or the 1like
according to the present invention. A characteristic of the pipe
is that it is formed of a thermoplastic material such as PVC, and
more particularly a material that is normally rigid and thick-
- walled so as to have sufficient hoop strength to withstand external
earth and hydraulic pressures to which it might be exposed when
underground. Yet such thermoplastic pipe can be made pliable upon
heating to températures of, for example, 200°F or above in the case
of PVC pipe. A characteristic of the pipe 10 is that it is
structurally rigid at typical ambient above-ground and underground
temperatures but becomes pliable and workable to various shapes
when heated or reheated. Another characteristic of such
thermoplastic material is that it has a memory; that is, if it is
manufactured in a particular shape such as a rounded tubular shape
and then later heated and flattened or folded and then cooled to
stabalize in its folded shape, and then reheated without restraint,
it will tend to return to its original rounded tubular shape.
Conversely, if the pipe is manufactured initially in, for example,




a U shape. Thereafter the folded pipe is passed through a restraining

form66 while it is cooled to stabalize the pipe in its U shape so that it

has 'a U shaped nenory. Fromform 66 the fol ded pipe can be either $tored in
predeterm ned | engths or passed through a steamtube to be reheated and’
made pliable for insertion directly into_an existing conduit.

Alternatively, after the flattening proE%ss and before folding, the pipe
can be spooled inits flat condition in the hot box_ 18.shp

Then o 8 aEoL4B58R ot A5 48N ShRBT o A BBGT o SXABPLE 0P HiCEne J%o“od site,
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al so be possi bl nstaII t he t her nopl ast pe in
a flattened® | %‘F p’é‘ﬁ‘?’ifh%&r 195 | lﬁﬁ’éallt %8?%%‘&55‘#. ci‘glsgé | %"&?CJRJ
rounded corehéatsd i su&hog'gbsraﬁtraint/ simalThiis omempd¥ dRrERefer ?harthene

i nsi.de di aeﬁaﬁﬁoafaswe ﬁﬂ@'z‘snﬁshé 68 dRRatsgd in DeveNEh, aspedes SDXhe
conqlltlons re erred that the thernoplastic pipe be installed in an
exi sting pPP %??'H"e ¥Rt 1B Hgi t udi nal Iy fol ded formas shown in either FIG

3, FIG 8, or in Fl& cogrentinnalerandofreaily ravaidehde PaPRsOLt Bee fOMA of

FIG 8 is pséter r;adpfﬁtzrcqagoeﬁe Peisdntethvenk@bh iAS appeYywimily cmmaened

the! it her nmo L c u

tenil ng to%gi?hr‘h" B'Xm% rounda‘ﬁftﬁ“léhggv\‘}hIl'aqﬁmg rsagué%eat ed(}a@'l%‘fa d| ng.
Thus when thl¢lans§)neié'¥,=s§%yrﬁagiaeﬁ’§atl% hko f 65 deFepepel¥ oaY% elt ‘1}1 i abl e
for i nst al hadéRfrduRdapiP ividsn@uphpas i diaint Déngsd pavatielr] 1ires), takcret urn t Qy

s round shape, DeRugps, il SYPLUL Sloker HDLASS diCRhIdl: m%t bt ds predéfe (hiS

reason, primarily I'S_preferre

t he t S |ce$
manuf act urW?’PF-‘ltqﬁet?‘F rtherpRpl aREic Rirs é&ﬁaPBﬁa‘FUFéFé’d p{P h%??%en
t he fol dedagi Bﬁcﬂn‘s irefm.ed; t:m Meiee miannpki déseribed withr mesneq:m tm ®he sting

pi peline, £ %'ézd 1' ta°t fl@hgedze%t&ﬁﬁ?ﬂ éHEe‘étsf gkl ¢hd BHeEMRELDH Nt O
the existin e i ne an ea for reform ngi1 Q S manu}i;cggred in
Regar dl ess® %vﬁﬁ P&y Pfﬂ‘ét ﬁfﬁ)‘lngsﬁ ERRTIRPLRs ﬁﬁnﬁ*%ct e t ound or

fol ded shapetubhiamiqe ivad| ¢hapei.n FIG. 2 illustrates apparatus 11 for
reshaping the conventional PVC pipe 10 that has been manufactured
in a round shape. FIG. 3 illustrates a cross-section of the pipe
after it has been reShaped by flattening and folding using the
apparatus of FIG. 2. More particularly, the PVC pipe is heated in
any conventional manner, such as by' a heating means lla, which may
be a thermostatically controlled steam box or a housing containing
thermostatically controlled electric heating elements. By passing
the original round pipe 10 through the heating box lla, the pipe
is heated to a temperature sufficient to make the pipe plastic or
pliable. It is th;_.an flattened or preferably folded, in a folding
apparatus 11 to reduce its overall cross-sectional dimension so
that it is capable of being pulled readily into an underground
conduit having the same or only slightly 1arger inside diameter
than the original outside diameter of the thermoplast;.c pipe. The
thermoplastic pipe of reduced folded dimension is illustrated at
10a in FIG. 3. | _ '
Although the unit 11 in FIG. 2 illustrates schematically
a pipe folding means, a pract:Lcal pipe fold.mg apparatus and method
are illustrated in more detail with respect to the apparatus of
FIGS. 37 and 38A-E. There it will be seen that the round pipe 10,



a folded shape when it is ready for insertion in the existing conduit.

it is alsG-preférred that the thernoplastic pipe be spool ed while heated

and tlgerefore nmade pliable on a storage spool such as spool 12 shown in
FIG. 4. The spool 12 of folded thernoplastic pipe is stored in a housing or
"hot box" 18 equipped with a thernDstatlcaIlztcontrolled heater 24 for
heating the interior of the hot box and t hu“rhe spool 12 to render the

fol ded pipe na lal__10a pljable n.desire Pr.ef [

al so equi pped \%ﬁ 5"?’8 L BRSNS \Mg!gn r%efs X mgl% g?’g%)r?tﬂ%rge{q% gﬁa Pair
stratificati onofi Pnpﬂs%fhefmte@é%g spdlermréhy @b %Lﬁh@“t PaEseAePepsRER A
fol ded pipe w kbl@mymﬁe@un‘ay Mabeduptﬁtm@rﬁszessweaﬁrebﬁbtmmtdmfeelrém

orta L, e e i 8 i o) il it

for transporta ormao (0).4 rTgX
wheel - mount ed &Hdaﬁ&nmpy‘!%vé@ sepPeEation ikhs £pddtng WReRh egin
i naccessi bl e pEbEﬂim,espwecmo aﬁzﬁa»ualtmllmpsewemen the ﬁtﬂdeefotdsng nollleys 64
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t he manhol e 16 of_the exi st )e(tg)al H@gthmu a
Mai n Accor di ng3t & oﬁ’éa%%pectTh&Fe?ﬁ%e‘f n%ﬁt |ft9ﬂ'dei’hé’198t i, g
t r aksported t orestopiEmimg fatm 56 whils s, iswiviad thetababbie the, pipe dpn its

under ground pi BB i ¢fHEN A hak e P AMBpedBhindrd .| Orith BRI E6khe fbmand
of the reduced ﬁ Ee i S connect rﬁull ine 26 ?ﬁn‘?g % (gn
an adj acent op&iPRg R tkf?e AGheT; rfg" geI’T PrE raén% Tan oI

shown), and cortmeougm dgtean 1tﬁxbectart1¢ yehested and made faldabde f-%ﬁmsgrém
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pliabl e fol dedfpigénd0ier pipe pzan bgzspm%ﬁ@mspgatfm sandibicn in ‘the hot
box 18 shown in FIG. 4. Then the flat, spooled pipe can be
reheated in the hot box at the job site, and then pulled from the
hot box and folded as previously described just before insertion
into the pipe to be rebuilt.

In some applications it may also be possible to install
the thermoplastic pipe into an existing pipe in a flattened

@ condition, particularly if the thermoplastic pipe in its rounded
condition is of substantially smaller outside diameter than the
inside diameter of the pipeline to be repaired. However, under
most'conditibﬁs, it is preferred that the thermoplastic pipe be
installed in an existing pipeline in a longitudinally folded form
as shown in either FIG. 3, FIG. 8, or in FIG. 38E. However, of all
the folded forms, the form of FIG. 8 is preferred for reasons
explained below.

As previously mentioned, the thermoplastic pipe when
manufactured in a round shape has a memory tending to return it to
its round shape when it is reheated after folding. Thus when if
it is necessary to reheat the folded pipe to render it pliable for
installation in an existing pipeline, the pipe will tend to return
to its round shape, perhaps prematurely, unless restrained. It is



spout roller 23 into existing pipe 14 to the next. manhale.. After inserting._,_
the fol ded new pipe, it is heated and expanded to a round or substantlally
round formto provide a pipe which will set up into a thick-walled, rigtd
form having sufficient hoop strength to withstand external hydraulic and™
earth pressures. FIG 5 illustrates on fganner of expandi ng the reduced

di nensi on pipe after it has been puIIe Into the original pipe to be
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t he pi pe uwhiefmiyheated. | Hot baotind fdppeferably mounted for portability
and is shown mounted on the flat bed of a truck 20 for
transpo_rtation to a job site. A smaller form of the hot box may
be wheel-mounted and manually moved for use in the servicing small
inaccessible pipelines such as building sewers. In either case,
either power operated or manual means are provided for rotating the
spoocl 12 for winding material on the spool or unwinding it from the \J
spool. Hot box 18 is equipped with an access door 21 and may also
be equipped with a downspout 22 and a roller 23 for facilitating
insertion of the folded thermoplastic pipe into an underground
pipeline through a vertical access opening such as the manhole 16
of the existing sewer main 14.

d o epairi ewer
According to one aspect of the invention, the hot box 18
is transported to an opening at a job site, such as the manhole 16,
at an underground pipe section such as the sewer main 14 to be
repaired. The end of the reduced pipe l0a is connected to a pull
line 26 made available from an. adjacent opening in the existing
pipeline, such as another manhole (not shown), and connected by

-



unl ess the pipe is expanded or stretched beyond its original dianeter
diring.thé reformng process. If no internal passages are provided in the
foldéd/neM/plpe such as would be the case if the new pipe is fol ded
absolutely flat as showmn in FIG 3, the neM/pipe can only be heated
external ly, such as by passing live steamthrpugh the existing pipe, before
plugs 30 and 32 are inserted into the ends of ‘the new pi pe. Then with. the

new pi pe heat edbhp qame%s 'Lio‘s thsnﬂté; P'i&mﬁg gﬁ@ X2 tHOHeRr iag?sas%x new
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Exanple In a specitic pip ,_ convent]on

“obt ai ned whi ch3Fsleafs ﬁ&Pfe’P‘?ﬁ:H"repl’-ﬂsa l'tﬁatﬁfin%ia@fﬁalq"éﬁlﬁf”but gP&eP “9 30
di aneter than tbeinstaldedditareteaibing leadpopetheonbe pipeuskbition Wi cRVis pitpe

has standard d'tﬂﬁ”?hgggfi?ﬂ &f o¥Rlehe oxliBEeKPEREpL 1AL SI ‘i{ﬁedlp:i%t 8 a%
noted previousl Xstalled at Ft:he lgadmg or pull-line end of the new pipe after
disconnection of the pull 1line. Each of plugs 30 and 32 is
equipped with peripheral expandihg- gasket members 34 arranged for
releasible sealing engagement with the original pipe 14 and the new
pipe 10a. Gasket members 34 are inflated via pressure lines 36,
such as air pressure lines, leading to control means (not shown)
above ground. Plug 30 has an inlet conduit 38 tﬁerethrough for
introducing into the new pipe an expanding medium such as live
steam or hot water. Such conduit is equipped with a suitable
control valve 40 as well as a pressure gage 42 and a relief valve
44. Plug 32 has a discharge conduit 46 communicating with the area
between the two plugs and suitably valved at 48.

The newly installed folded pipe, with the plugs inserted
at its opposite ends, is then internally heated by péssi.ng live
steam through the small passages provided at the folds of the new
pipe evident in FIG. 8. Valve 48 at the downstream end is open so
that the entire length of the new pipe is heated. Valve 48 is then
closed while steam under pressure continues to be introduced
through plug 30 to pressurize the folded pipe, causing it to reform
and expand to a rounded shape. If the new pipe is manufactured
folded, it should be cooled or allowed to cool after attaining its



is heated to at |east 200-210F and reduced to the shape shown in FIG 3,
FIG 8 or FIG 38E. The folded pipe is then-stored -on |-arge spoo] s so:.t hat -
it can be trucked to the job site. During installation in an existing -pipe
or conduit underground, the new pipe is again heated, preferably in hot bex
18, so as to be made pliable and capabl e_of being puIIed readily generally
vertically down through a deep manhol e 4nt. then general |y horlzontally
through the existin L] |nstal in the exis
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effect is @pipendiTerowith the mwpipe heatsd ¢chroftghént ap'snﬂ-ﬂ@pﬁf phugs -
ser \é' th'eatg%g%d' 53 gctcfd(}? 2 @a511§y1ﬂ§%§%'eaglﬁté el ey 'owa%xear@{@et Ragugh the,

| ateral opéfi® ‘@”‘{dgg %"é‘{'eFﬂsr& e T"ﬁﬁ%é‘ﬁ ?t é"&@ﬁo‘f’%’?@i %Snjt’}‘scgl"ﬁgﬁed

cutting todhrgggh apluse fmiseredemazm tihige fedded t pipécard axefarsciti dntefat he

bul ge and li.ggﬂdtgh dpd. the bulge 76 fromthe new pi pe 80, thereby reopen| ng

trotohing, of the ffey S RGYWS AFLRE OB A% PEPRTHES 0%, 1f RAGA"RENT no

met hods pr éherowsfycett pipded Suchaappesstus sbupnisenatt vrnd¥alh S50cbp¥dngt o

addi ti onal heRPORs NFdlns 52 tHe2keh! SSpddNdH Healkdfy theenew pipe into a
pliable state. Mandrel 52 is connected to a pull cable 54 or .other
means for drawing it through the original pipe. Upon proper
heating of the mandrel and through application of tension to the
pull cable, the mandrel is. pulled 'through the. original pipe,
expanding the new pipe to the desired diameter. Obviously with
this method, pull cable 54 would be inserted into the new pipe
before the new pipe is folded for insertion into the existing
pipeline. _

. A third method of heating, rounding and expanding the new
pipe involves flushing hot water or steam down the existing pipe
to be repaired alongside the installed but still folded new pipe
until the desired temperature is achieved at the downstream end.
Then the new pipe is pressurize:_i with hot water or steam fed into the interior
of the new pipe and expanded under pressure to a round shape and to the desired
diameter.

- Example
In a specific pipe reconstruction process, conventional
PVC pipe is obtained which is one-half inch, plus or minus, smaller
in outside diameter than the inside diameter of the pipe to be
rebuilt. The PVC pipe has standard dimension ratios of wall



Although the flattened and fol ded thernoplastic pipes of FIGS. 3 and 38E

are swtabte for use in the installation processes described, the preferred  __

formof" such fol ded pipe 10 is shown in FIG 8. The thernDpIastlc pi pe 10
of Fﬁtf 8 is manufactured in substantially the folded formshown. It is
generally a coll apsed tube fol ded al ong a generally curved bul bous

| ongitudinal ‘fold 82 into a pair of overlying gs, including a long leg 83
and a shorter | ég 84. The long |l eg 83 terminaf€ at a curved or bul bous
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as a building sefépmeter ‘?R’.)fsﬁoﬁhqu H%lnﬁl‘QMPngstiMn riveliner seqhiopn 92
with a main plpellne k-:. @ tbonnekB$édd | ati on
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probl ens because of the nature o I'nes such late
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lateral into an exis eral round, access I°s usua
only from a si ngFé“SﬁB?lllnS\/Ethfé‘&F eam %Fﬁreﬁij'ad’é‘htnﬁo 36e thie main pipeline

70 is intersected at 72 by a service lateral 74 such as a building
sewer line. When the new thermoplastic pipe is installed in the
main 70 and rounded and expanded or stretched beyond its original
rounded design diameter to snugly engage the inside wall of
existing main 70, a bulge or dimple 76 is formed at the opening or
intersection 72 of the service lateral into the main. This bulge .

o/ 76 in effect is an indicator of the precise location of the opening
of the service lateral into the main. By passing a television
camera through the main, the exact location of the bulge or dimple,
and- thus the service lateral opening, can be determined.
Thereafter a remotely controlled cutting tool 78 can be passed
along the main to the exact location of the bulge and used to cut
the bulge 76 from the new pipe 80, thereby reopening access of the
service lateral 74 to the main. '

Rounding and expanding, or ‘stretching, of the newly
installed thermoplastic pipe is achieved by the methods previously
described or as described hereinafter with respect to additional
embodiments. 2




..20. building, as indicated at 98 in FIG 7. Such an excavation |eaves
little roomfor maneuvering or for a |large anount of ‘equi pment .. Second
bui l di ng sewers are usually of nmuch smaller dianeter than mains and
frequently have sharp curves or bends, unli ke mains which are usually A d
straight from manhol e to manhol e. For ﬁ%rrpl e, the building sewer 90 has a
bend at 100, making it inpossible to i |nto the existing lateral a
straight rigid pipe. In FIG !7, D& 0 gt ccessed by the
vertical excavation 98 adj acer oEm v ImNCIR =T beneath, a | awn 102
to the min 94 at a %Mn?‘i‘%lﬂeéﬁﬁﬁe%é@vfal%%q é‘éﬁr&@llas*‘?ﬁep’pﬁ%é@ses
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t he vacuu r _tensi eam_tube, 114 for

reheat i ng #gﬁgbi”é’%on ﬂ°§6"'¥ fﬁﬁg £he® fo'ﬁgu'ﬁ #S?d‘é‘a DiPFEVEIn be
wound in icxs Hudbgud foeenend §7swblageab§mdefiaesM|M%Hﬁ@nﬁymﬁﬁéﬁgﬁ be
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vacuum boxfidge Phpe i the BRers divided internally by partitions 122, 123
into three secti OnS'rhé“h'ulhbii@GEdiQCthnﬁeg’:\éﬁdéidd adsetidedrarer iipordahevel

R e
negati ve picdsedyevhieh migh %Wé%ﬁn’é‘%t% caéerréﬁl fhen Hb%edt-’ﬁsvé%ﬁ’ﬁsur e
is in the g1 risamemeeaiannerokhbWr BAXFI€al 8 pr aspecimays i¥2&har pipeoiided in
the first t?ﬂ%é—@glled. Passages 86, 88 and 89 are also important in
enabling steam or other hot fluid to pass full-length through the
folded pipe for reheating and thus reworkiﬁq after the folded pipe
is installed in an existing underground conduit. Without such
access to the interior of the folds, reheating would be a long,
slow process and very difficult to achieve.
The folded form of pipe of FIG. 8 is especially suitable /
for use as replacement pipe in the repair of building sewers such
as a building sewer line 90 shown in FIG. 7 leading from an -
intersection 92 with a main pipeline 94 into a building 96 to be
serviced. ° Installation of a replacement pipe in such building
sewer lines presents special problems because of the nature of such
lines. First, such laterals present difficult access’ problems
because they often run under lawns, trees and shrubs and are not
accessed by manholes. Digging up the existing lateral in need of
repair would thus be very expensive. In inserting a new lateral
into an existing lateral underground, access is usually practical
only from a single small vertical excavation adjacent to the




of the vacuum box. The calibrator neans forns and naintains the extruded
plastic material inits desired fol ded shape as the material is cool ed and
therefore set. The water within the vacuum box serves the cooling function,
and the vacdum supplied to the box cooperates with the calibration neans to
mai ntain the plastic material in its desireddolded formuntil, through
cooling, it is capable of maintaining such mw t hout restraint.
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8, raw pl astiCpibha« sHifilh 35 pgb vg nyl chloride is fed into the extruder 106
t hrough an |nfg§é§d funnel 10Q/ V\%ere he rraterlal IS heated to a high '

tenperature of, for exanpl é=ss SIS ""L'- the die
118 where the very hot pl ast} Ry 120. The die

and pin are sized to foRrgebbesim %Stﬂ'fbé ng o t&‘ﬁnd 11, the folded thermoplastic
pipe of FIG. 8 is manufactured using a conventional plastic pipe
extruder 106 extruding into a vacuum box 108. " Puller means 110,
comprising a series of opposed pinch rolls 111, 112, downstream of
the vacuum box, pulls the extruded and formed material from the
vacuum box under tension and feeds it into a steam tube 114 for
O/ reheating to a pliable condition so that the resulting folded pipe
can be wound in its folded form on a storage spool 116 which would
typically be located in the hot box 18 of FIG. 4.

A die 118 and pin 120 are located at the extruder
cutlet. There is a gap 121 of between about 12 and 24 inches
between the downstream end of the die 118 and the inlet to the
vacuum box 108.

The vacuum box is divided internally by partitions 122,
123 into three sections. All three sections are filled with water
to a level 124 within the box. The first or upstream section of
the box is connected to a source 125 of vacuum. Although the
entire vacuum box is under a negative pressure because of such
connection, a maximum negative pressure is in the upstream section
of the box. Calibrator means 126 are provided in the first section




desired final size and shape of the tube desired. The plastic materi al is'

fed across the gap 121 into the first section of the =~ 2 2.-vacuum box 108 "

and through the calibrator plates. The plates form and maintain the plast,i
material -in the shape and size determ ned by the calibration plate openings
138. Wen the plastic material first enteris the calibrator it is very hot
and rather fluid, and therefore the cali latlon pl ates 128 are very cl ose
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tube 136 with orifices 137 for transmitting cooling water to and
between the plates for more rapid cooling of the plastic material.
Referring to FIG. 11, each calibration plate 128 includes
a precision cut opening 138 of the exact outline shape and outer
size of the folded pipe formed and maintained in the calibration
plates. Each plate 128 of the calibrator has exactly the same size
and shape of opening. Comparing FIGS. 8 and 11, it will be noted _
that the opening 138 of the calibration plate includes a short leg \/
138a corresponding to the short leg 84 of the folded pipe and a
long leg 138b corresponding to the long leg 83 of the pipe as well
as a rounded fold portion 138c corresponding to the longitudinal
rounded fold 82 of the Pipe. |
In manufacturing the pipe of FIG. 8, raw plastic mix such
as polyvinyl chloride is fed into the extruder 106 through an
infeed funnel 107 where the material is heated to a high
"temperature of, fdr-example, about 360°F and then extruded through
the die 118 where the very hot plastic material encounters the pin
120. The die and pin are sized to form the plastic into the
desired final size and shape of the tube desired. The .plastic
material is fed across the gap 121 into the first section of the




Met hod. Apparatus and Tooling for Installing Thernoplastic Pipe in Lateral

FIG 7 not-ronly ‘illustrates a sewer |lateral as previously described, but
al so &met hod, apparatus and tooling for inserting the fol ded thernoplastic
pipe at FIG 8 into the lateral. First, a vertical excavation 98 nust be

dug, preferab'ly as close to building 96 serviced by the lateral 90 as
possi bl e to break through and provide access_tQ existing lateral 90. Then
the length of the lateral to be repaired or l-aced can be determ ned by

inserting a fl eyl fi hergha r 1.0 th eral_a he e vad |
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vacuum box in a continuous strip. From the calibration plates, the
strip travels through the second and third chambers of the vacuum
box, where it is progressively set. By the time the strip 10
leaves the vacuum box it is cool, rigid and substantially in the
form shown in FIG. 8. Puller 110, by pulling the strip or stream
of material from the extruder under tension, controls the wall
thickness and other dimensional parameters of the folded pipe.
W, From puller 110 the folded strip is fed through stean
tube 114 into which a source of steam 115 is fed through an inlet
opening 117 to reheat the strip to a pliable condition so that it
can’be spooled on storage spool 116.

The number and spacing of calibrator plates used in the
calibrator is a function of the extrusion speed as determined by
the puller and of the desired wall thickness of the finished pipe.

As previously mentioned, the spool 116 of stored
folded pipe 10 may be installed in the hot box 18 shown in FIG. 4
for trahsportaticn to and use at a job site. -

arat (e)
ermoplastic i t

FIG. 7 not only illustrates a sewer lateral as previously
described, but also a method, apparatus and toocling for inserting
the folded thermoplastic pipe at FIG. 8 into the lateral. First,




at the factory, it can be transported in its precut lengths to the various’
job sites and there heated for insertion into the existing lateral in. a
steamtube |ike the steamtube 114 shown in FIG 9. The steam tube nmay be
made of canvas or netal or equivalent materials, with flexible fabric or
equi val ent ends which can be tied around the folded pl astic pipe to keep
the steaminside the steamtube. Such t s are |ightweight for easy
transportation to a job site and can ‘20 feet long or longer. For
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closed to restrict the size : hr gugh passages, 86, 88

transported to the Job srt:e. If “the excavations for’ the laterals

to be repaired are not accesszble to.the truck 20 on which the hot

box 18 is mounted, the necessary length of plastic pipe 10 can be

stored on other, smaller spools within smaller wheel-mounted hot

boxes (not shown) wheeled to the respective gxcavations.' A smaller

‘"mini hot box" 140 Ls shcwn in FIG. 7 gﬁclosing a spool 142 of

folded pipe 10..

Alternatively, rather than premeasuring and precutting \;)
the required lengths of folded plastic pipe 10 to lengths
corresponding to the lengths of the laterals to be repaired, the
folded pipe 10 can be simply heated within the hot box 140 and fed
into the existing lateral until the new folded pipe reaches the
intersection with main 94, and then cut off at the spool.

Also, if the folded plastic pipe 10 is precut to length
at the factory, it can be transported in its precut lengths to the
various job sites and there heated for insertion into the existing
lateral in a steam tube like the steam tube 114 shown in FIG. 9.

The steam tube may be made of canvas or metal or equivalent
materials, with flexible fabric or equivalent ends which can be
tied around the folded plastic pipe to keep the steam inside the
steam tube. Such tubes are lightweight for easy transportation to



shown in FIG 8 to enable internal pressurization of the folded pipe after

it is inserted into the ex st-ng -1 at er al-- whi l-e..sti |.l . enabl+.ng hot.fluid-to.. .-
pasU'hrough the fol ded pipe so that it can be heated throughout its Iength
and t hereby Tendéred pliable for expansion and rounding. To acconplish

this restriction and end cl anpi ng, an end cl anpi ng nmeans as shown in FIGS.

12 and 13 is used. A side view of the end cl2&ping neans is also shown in

FIG 22. Wth reference to these three FIGS., the end cl anpi ng neans 144
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teral From ccess Openi
One method of inserting the new lateral into the existing
lateral by pulling involves the use of a pull cable attached to the
leading end of the new lateral. The cable passes about a pulley
at the connection of the lateral to the main, and then leads back

to the entrance to the lateral. By applying a pulling force to the

U pull cable from the access opening at the excavation 98, the new
pipe can be pulled through the full length of the existing lateral.
This method involves the use of special toocling.

First the leading end of the new lateral must be clamped
closed to restrict the size of the through passages 86, 88, 89 as
shown in FIG. 8 to enable internal pressurization of the folded
pipe after it is inserted into the existing lateral while still
enabling hot fluid to pass through the folded pipe so that it can
be heated throughout its length and thereby rendered pliable for
expansion and rounding. To accomplish this restriction and end
clamping, an end clamping means as shown in FIGS. 12 and 13 is
used. A side view of the end clamping means is also shown in FIG.
22. With reference to these three FIGS., the end clamping means
144 includes a pair of rigid metal plates. The plates include a



_.passages 86, 87, 89 at the end of the folded pipe.. .It. should be noted that
the w dths of clanplng pl ates 145, 146 are substantlally narrower than the
overall width of the fol ded pipe 10 so that passages 89 at the fold’ and 86
at the end of the long |l eg do not becone conpletely closed upon applicati

of clanping force to the fol ded pipe. Th when the clanmp is applied, fluid

can still pass conpletely through the cl ed end of the pipe, yet the
passages ar %agnshaténﬂsgmnagag BPE&sé’d %5': .?;Otén rmr nalaoaﬁeﬁﬁtre% wawl n
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desired temperature upon injection of steam into the pipe through
connection 158. The length of pipe 152 may be in approximately two
feet for most purposes although- iﬁ can be longer and shorter
depending on the application.

After the leading end of pipe 10 is rendered pliable, the
plates of end clamp 144 are applied to the end of the pipe, and
bolt 150 is extended through bolt holes 151 and tightened so that
the opposed plates 145, 146 squeeze an intermediate portion of the \/
folded pipe to a more flattened condition to reduce the size of
passages 86, 87, 89 at the end of'the folded pipe. It should be
noted that the widths of clamping plates 145, 146 are substantially
narrower than the overall width of the folded pipe 10 so that
passages 89 at the fold and 86 at the end of the long leg do not
become completely closed upon application of clamping force to the
folded pipe. Thus when the clamp is applied, f£fluid can still pass
completely through the clamped end of the pipe, yet the passages
are small enough such that a buildup of internal pressure within
the folded pipe can be achieved to expand and round the pipe.




head 269 of bolt 268 and the upper surface of upper jaw 252 with arms 277,
278 extendl ng beneath the head and sl ot 280 receiving the shank of the
boltg\_jl’hus bolt head 269 is drawn against arns 277, 278, rather than
through | arge upper jaw opening 270, when the bolt is tightened to clanp
jaw ends 263;264 against pipe 10. To rel easg(the clanp fromthe new pipe
after the pipe has been pulled into the existing sewer lateral using pull

cabl e 262, and after een.rou exc anped
end, rel ease cable Zgﬁehﬁesf}?"[ﬁ ﬁ éc)f% Kgﬁerb%&l]fo "ﬁéﬂge"nse‘ %IL%@?FO% Beneat h
bol t head 269 (dasirabde ZVQ‘EFT- theend af thedpipe toneender dt ipdialeve the top jaw),
allowing the bolt head to drop through the | arge opening 270 in the

| ower jaw 256, and thereby allowing the jaws to open to rel ease the pipe
end. The wedge nenber and the clanp g RU the | ater aI or mai n

using their respective pull cables. %l? Anot h )l égd
in pulling the new fol deARatReZ; gPr‘Frﬂ% %cm& |"H§;°Pa? He Pe§ frlluse 5gc
opening 98 is cendicheyp aad, iabd e-:eIeanabIefaﬁreIhﬁp) 259 shévn dgl' FIGS. S8odh.
in FIGS. 14-16.01HA€ 14 08a ;5€nan§gggséa&a agg BU3HE CEpmdvith 10 FFLAD Life
mounted w thin a pdal I'ey housin axi e 7

a,ched tg Dﬁpgih
sides of the op&apdisgrensh®iopl Pﬁelﬁ)l]'f‘}eéy’-ﬁﬁ‘é@?%’g ipte 3 Bis H PRYs
158. Each | eg icuttitigsoff the \alahpedgendofi tine Eofduitdisingi mtsmathl reemokatyl

or trailing leg %’c&& &53331? sz:%b]'L 08 SEAMMALdrie®M i Qan’ 35 bR d&Eribed

sections 158b are pair I"ex1 bl e-s 160 curled

i nhard at their qrééf‘ag?ﬁfé‘ 1d1OweNeE / pite Faiﬁﬁﬁec’?ﬁﬁoﬁ'ga‘?ég%f e ?e’f;?"fgéy
to housing 156 rulmaspd i fixen | thaleclanpedr @adt loé thgsnewt pipel when dgaired pnd

14. However, 1y asbfaaadae &esateﬁe'mdn OcdrdhiRQSi tions shown in FIG
15 to aIIowthe egs an

re as to travel thro
‘lateral. A pair of gener%ﬁliefsﬁﬁ’liﬁnﬁ nléR 2:,"19a35§?‘é¥ afbfp\élgé' BFVO?%JC] ‘flggttﬁd
junctures of fotw@sd sadarkawemjdvl @86 seclawers ja#8256 158iivdesspr leadingagnd

pivot connect! Gi%,;L80ion My YATKNG- bARECRNNNABEE 266 dRendidg w&m@ﬁzl
to their exten positions shown | nornmal__to_rearward

sections 158b V@R§1a§§é9h%ﬂq3q pull cable 262. Jaws 252, 256 have grzpéang ends
263, 264 for gripping and compressing when hot and pliable, a
leading end portion 266 of folded plastic pipe 10.

A bolt 268 extends through a large opening 270, larger
than the head 269 of the bolt, and through an aligned smaller bolt
hole 272 in lower jaw 256. Bolt hole 272 is smaller than the nut
273 ‘and head 269 of bolt 268. A bifurcated release wedge member
276 has parallel arms 277, 278 defining a slot 280 and joined to
a vertically wedge-shaped body 282. A flexible release cable or
cord 284 is attached to the body 282 by Passing it through body
hole 286. Wedge member 276 is designed to be wedged between the
head 269 of bolt 268 and the upper surface of upper jaw 252 with
arms 277, 278 extending beneath the head and slot 280 receiving the
shank of the bolt. Thus bolt head 269 is drawn against arms 277,
278, rather than through large upper jaw opening 270, when the bolt
is tightened to clamp jaw ends 263,264 against pipe 10.

. To release the clamp from the new pipe after the pipe has
been pulled into the existing sewer lateral using pull cable 262,
and after the new pipe has been rounded except for the clamped end,
release cable 284 is pulled. This pulls wedge member 276 from
beneath bolt head 269 (or nut 273 if the nut end of the bolt is
above the top jaw), allowing the bolt head to drop through the



their extended positions of FIG 14. However, the arms 164 may be coll apsed'
' agai nst spring pressure to their collapsed p03|t|ons ‘shown in FI.G '15;, '
again ‘to allow the frog to travel through a lateral to its dest i nat i-on. A
pul I gabl e 168, with both ends | eading back to access opening 98, is *v
trai ned about pulley wheel 154. Wth its pull cable 168 attached, but wth
both ends of the cable |eading back to a%ss openi ng 98, the frog S
inserted into the existing lateral and puShed through it using a flexible
f}beLgl ?ss ma&h;l erageniwtzmcmw)cne Mmﬂh jéiﬁzfsl’s(}gaﬁeaﬂ’imbtthIIWB‘rgstﬁbl on
of the later [ Si
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to théir opguigosabless shown in FIG 14. In the open position of the |egs,

rearward | eg sections 158b and t fa2QRRES bands 160 Press agai nst
the imner wall of the existing | t, both ends of pull

cabl el 168 are pul | ed ARPthammspol RS 4B Bulling the ey fedded dateral 4ato
| at er and thel exi¥8ihe TtEraluifRemt EheRidceskeBpening @8 e aub:lum)ﬂaadt-o
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power - oper atisteyral hrelattrarll 6 t&)a:.aﬁngcugsseeamn ngsss. Tadddne reartaed

triangul ar ﬁetﬁg 84T i 4’18g“LLJ:§19cE:IseH§EQ” §2p+ Oﬁ# %fcﬁ?%:‘?;ﬂi@ shegyents

the frog fraom e new

1 ppi N
reaches t he legoguidet gé"&% }60 tFurlesh | iavazdnatt thelx of%’ﬁ'e aRdse 164 clraﬁp i s
rel eased, alpdvan eofnedt idns asbl eflmﬁm@dlsbergpmbheare dipriipgAg
the frog int [ T, e f e | L e
fromthe ent r%atr?gg ’g@g%f,ﬁ &?e %BE OA %e re ;%Ied\?edi? ﬁg&%}&e L:hé‘
legs can be p:.voted :.nward to the positions shown in FIG. 15 to
allow the legs and thus the entire assembly to travel through the

lateral.

A pair of generally triangular-shéped arms 164 are
pivoted to the junctures of forward and rearward leg sections 158a,
158b at spring-lcaded pivot connections 166. The spring-loaded
connections 166 urge the arms 164 to their extended positions shown
in FIG. 14 normal to rearward leg sections 158b when they are in |,
their extended positions of FIG. 14. However, the arms 164 may be
collapsed against spring pressure to their collapsed positions
shown in FIG. 15, again to allow the frog to travel through a
lateral to itS destination. A pull cable 168, with both ends
leading back to access opening 98, is trained about pulley wheel
154. |

With its pull cable 168 attached, but with both ends of
the cable leading back to access opening 98, .the frog is inserted
into the existing lateral and pushed th_rongh it using a flexible
fiberglass push rod (not shown). ~ When the frog reaches the
intersection of the lateral with the main, and with the housing 156
and its connected pulley pushed into the main, and also with the
forward legs 158a entering thé_main, arms 164 spring ocutward from



main at a Jater tine using conventional retrieval nmethods. At this point
the fo)Jded.plastic pipe 10 is fully inserted into the lateral to be
repaired, wWi,th its clanped |eading end at the main. The folded plastic
pipe is now ready to be reheated and expanded to a rounded shape in the
existing service lateral. Before discussin%;%Qe expansi on and roundi ng
process as applied to service laterals, ne n shoul d be nade of the
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and back to thshenfresthdgonphinring Wheos|desdn.porti on 168a of the cabl e nust

be _ After the new folded plastic pipe reaches the frog in the
main, the cable connection to the pipe end clamp is released, and
an end of the cable is pulled through the pulley, dropping the frog
into the main. The cable is then pulled out of the service line
from the entrance opening, and the frog can be retrieved from the
main at a later time using conventional retrieval methods. At this
point the folded plastic pipe 10 is fully inserted into the lateral
to be repaired, with its clamped leading end at the main. The

folded plastic pipe is now ready to be reheated and expanded to a

rounded shape in the existing service lateral.

‘Before discussing the expansion and rounding process as
applied to service laterals, mention should be made of the method
and means for releasing pull cable 168 from end clamp 144 so that
the cable can be pulled through the frog. This can be accomplished
in several ways as shown, for example, in FIGS. 34 and 35.

) FIG. 34 illustrates what is referred to as a break-away
cable release. In this method, a "slack" end 168a of the pull
cable 168 is attached to a relatively low-strength breakable string
or cable 172 which is in turn taped at 173 to a leading portion of
folded pipe 10 to be inserted into the existing lateral. From its



| onger than the length of the new pipe 10 to _be.inserted._ As the w nch

pul s the new pipe into the existing lateral, a moderate tension’is held on ~°

sl ack end 168a of the cable, allow ng the fol ded new pi pe to be pull'ed into
the lateral. When the new pipe is properly inserted in the existing '
| ateral, slack end 168a of the cable is é@%eased at the entrance opening,
allowing it to be pulled free fromthe | i ng end of the neV\Ay I nserted

i pe through cabl e open 8. _.Met hod And aratus For
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i ncl udes an_inl et ]gg %e OSE con%gctlon 188 for coupling a steam
or hot wat ef® st %gﬁogi %‘ﬁ?a hBB“F1%%s under pressure can be
i ntroduced into the FEGer35ribiustraties| dedipilar @Hier riedesseonnemstihods can
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the trailinthemabik holeldd8papetid leading, erubobythslﬁwgdedmévewse IG2o
previously geosfrhkedoube T¥ps 1688, 386E. TH@n the pull cable 168 is lead
through the existing iateral 90 to the frog and back to the
entrance opening. The slack port:.on 168a of the cable must be
longer than the length of the new pipe 10 to be inserted. As the
winch pulls the new pipe into the existing lateral, a moderate
tension is held on slack end 168a of the cable, allowing the folded
new pipe to be pulled into the lateral. When the new pipe is
properly inserted in the existing lateral, slack end 168a of the U
cable is released at the entrance opening, allowing it to be pulled
free from the leading end of the newly inserted pipe through cable
opening 148. |
. . t . 5
Rounding Folded Pipe Within Lateral
With the folded new pipe in place within the existing
lateral, it is ready to be expaxided and rounded to replace the
existing lateral as a functioning service lateral. At this point
the leading end of folded new pipe 10 is already restricted by an
end clamp 144 or 250 so that the folded pipe'can- be pressurized
internally by fluid and yet allow hot stear or other fluid to pass
through it. This enables the entire internal length of the folded
pipe to be heated to a pliable condition for expansion. Of course,




coni cal portion of torpedo plug 176 is driven into the trailing end of pipe
-10 as shown i'n FIG 19, until end cap 184 abuts the end edge of the new
pkﬁ ‘t hus expandi ng the end of the new pipe to a rounded shape conform ng
e outer dianmeter of cylindrical plug ggtjlon 182. An adjustabl e chain
clanp 190 is used to clanp the expanded en ortion of the new pipe to the
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time, the rest}5308; gﬂé LS i T sy 9?%8 ‘é‘?ﬂl%l‘i&ﬁg g‘Peq'hé""’l wake i BhipRie- hRe
f ol ded pi pe erceniesliprrtiopeof tolrpedo auilsgr L2€dsi driveralingo the trailing end

of pipe 10, as shown in FIG. 19, until end cap 184 abuts the end
edge of the new pipe, thus expanding the end of the new pipe to a
rounded shape conforming to the outer diameter of cylindrical plug
portion 182. An adjustable chain clamp 190 is used to clamp the
expanded end portion of the new pipe to the cylindrical portion 182
of the torpedo plug to seal the pipe to the plug.

Details of the chain clamp 190 are shown in FIGS. 20 and
21. The chain clamp includes a clamping plate 192 having a curved
pipe-engaging surface 193. The plate'’s convexly curved outer
surface mounts a clevice 194 between which a nut member 195 is
pivoted. Nut member 195 receives a threaded rod 196 having a
wrenching end 197. A clamping chain 198 is connected to the
opposite end of the rod. The chain is preferably a transmission
chain or bicycle chain or the like. The chain is adapted for
adjustable connection to an anchor post 199 on the outer surface
of clamping plate 192.

With the end of pipe 10 heated and pliable, and torpedo
plug 176 inserted in such end, clamping plate 192 is placed on the
rounded pipe end, and chain 198 is wrapped around the cylindrical

G_.




up to about 25 PSI. As the pipe becones heated and pressurized, it expands
and riounds to its cylindrical shape throughout its ['ength, except at-.
its.clanped end portion. Wien the new pipe is expanded and rounded to RL?
desired di nension, usually against the inner wall of the existing lateral,
the plastic pipe is allowed to cool whilg .maintaining internal pressure

t hrough, for exanple, the introductio f- air under pressure, thereby
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al so be nad? 0 aln or cable. They are design to exten
ength, except at its clamped end. portion.

When the. new pipe is expanded and rounded to its desired
dimension, usually against.the inner wall of the existing lateral,
.the plastic pipe is allowed to cool while maintaining internal
preésure through, for example, | the introduction of air under
pressure, thereby enabling the new pipe to stabalize in its newly
rounded form. When the new pipe is stabalized, the chain clamp is
released from its trailing end and the torpedo plug is removed.
emov e C d ew e

The next step is to remove the end clamp and
still folded and clamped leading end portion of the new pipe from
the remaining rounded portion of such pipe. This is accomplished
by cutting the clamped and folded leading end from the expanded and
rounded new pipe as shown with reference to FIGS. 22 and 23.

In FIGS. 22 and 23 a severing means is shown for cutting
off the folded and clamped leading end of the expanded and rounded
pige 10 in the existing pipe. The severing means comprises a power
operated cutting tool 200. The cutting tool includes a small high
speed electric or air motor 202 housed within a cylindrical motor
housing 204 of substantially smaller diameter than the inside
! diameter of the rounded plastic pipe 10. A flexible air hose or




outwardly under centrifugal force as rotor 210 rotates, to flail and cut
plastic pi'pe 10. In use, cutting unit 200 is pushed down through the new

pl astic pipe*1l0 after the pipe has been install ed and rounded. The pushing
can be acconplished with a flexible fiberglass rod and with rubber sleeve
216 deflated. The cutter is pushed into thgﬁﬁfisting | ateral until it
reaches the coll apsed and cl anped | eadi ng - At this point, sleeve 216 is

inflated to an A e t L [t withi I e | astic
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for service. Asupplpthose RRshsapplied AppanAders grassuiré! bt i HEIAAnEXpDE6d10
The New Pipe Ip1én Existing Lateral FIG 33 illustrates an alternative

method of ~ pulling the_fol dedégl astig gi pe 10 through an access openi ng
98a into an existing | afptFBPudpinetiridebindes 217, ﬁlgisﬁé’r"?‘n%r%@&e& » ey

i nhef secti on 9eenldialsonke diasieant ecHaimnor ndablsact they Xte tbsidmed) tBlextwma a
manhol e 216 f oguBéezeS | t i ] 18, 4 lLONE

manhol e 216. Th%d Igg%d?n&glagﬁ% %%daya'ﬁfgpffcgﬁgeeefgoglggcgnﬁ%?uac%eagrelgﬁtggtﬁiean
exi sting |ater®3f RLasEiR RiBGHEAr ng 98a and pushed down the lateral to

i ntersection 92a by a fIexidd,e chtbinglwsit 20d idHepushed agwsthrughhtid rew
equi pped Wi th gy fHd; I L Dpi | | e..Lhe
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i nt ersection, ¥¥8 £Rn By RSTWMPLASHEA I itihea sHeanibler Fiherglassirrd and with
t hi s point theryhkeEr sbeevorlsdeflated. The cutter is pushed into the existing

lateral until it reaches the collapsed and clamped leading end.
At this point, sleeve 216 is inflated to anchor and center the
cutting unit within the rounded plastic pipe. With the sleeve
inflated, motor 202 is energized by supplying it with power through
air hose or electric cord 206. The motor rotates rotor 210 to
activate flail blades 212, 213 until the blades cut off the clamped

W and folded end of the plastic pipe. The severed end falls into the
main and can be retrieved later by conventional methods.

_ After the leading end of the pipe is cut off, sleeve 216
is deflated and the cutting unit is recovered from the rounded
Plastic pipe simply by pulling on the air hose 218 and power cord
206 from the entrance end of the new pipe. The new lateral is now
installed in the existing lateral, and after it is connected up
with the portion of the lateral leading into building 96 (FIG. 7)
it is ready for service. | )
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FIG. 33 illustrates an alternative method of pulling
the folded plastic pipe 10 through an access opening 98a into an
existing lateral 90a intersecting a main pipeline 94a at an



to push the pull cable 220 through the main, as shown at 220a, until the

| eadi ng end of the pull cable reaches manhol &~ 716." The" 1"¢adi ng "énd, of "t he
pulI" cable is attached to the wi nch cable at 219. The trailing end of\Lhe
pull cable 220, still at access opening 98a to lateral 90a, is connected to
the | eading end of fol ded pipe 10 using one of the cable rel ease nethods
previously described. The new pi pe, afteE®Being heated in, for exanple, hot
box 18 to be nmade-pliable, is pulled into existing Iateral 90a by wi nching
cabl e 220 udintgraprtirm P32at At SRBPRcdist@nceTiron dNtrREeEHAN AGRSTRMTREDt he
| eadi ng end sala Raw PirmpahdleraE for astessdatbothddainThen cpble wiatghe 2280 i s
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an expanded winching cable 220 using winch 218 at manhole 216. The pulling
continues until the léading end of new pipe 10 reaches intersection
92a. Then pull cable 220 is released from the leading end of the
new pipe using one of the previously described techniques. The new
pipe is now ready for expa-nsion and rounding within the existing
lateral 90a using either the previously described method of
rounding or another method to be described. \)
latable P1 thod Of Roundi Pipe
Another method and apparatus for expanding the newly
installed i:last;ic pipe within an existing service lateral is shown
in FIGs. 25-29. This method is known. as the inflatable plug
method. The inflatable plﬁq 222 used in this method is shown in
FIGS. 25 and 26. It is used instead of the end clamp 144 (FIGS.
12-13) or end clamp 250 (FIGS. 39-41) to seal off or restrict the
inaccessible leading end of the new plastic pipe so that such pipe
can be pressurized, rounded and expanded. The plug is designed to
be capable of holding at least 25 PSI of air pressure, expand to
an outer diameter the size of the inside diameter of the rounded
new pipe, but not burst if unrestrained by the new pipe. The plug




. hose connection 232 for an air or steamsu
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di ameter corresponding to the desired inside dianeter of the new pi pe when
rounded. The trailing end.226.of .the_canvas. tube remains.open. An .. . _ ..
expanabIe rubber inner tube or bladder 228 is placed inside the canvas

tube. The total length of the plug can vary from about one foot to 20 feet
dependi ng on the application. The trailing ends of the outer canvas tube

.and inner rubber tube are gathered about a %iﬁp‘)‘e stem 230 providing an air

y hose 234 for supplying

Ref flbes are gat here and tightly

installing and ggg.db@g & YaEEr 2 e_lr tggfg Jﬁmr&l‘aivb&b‘f& Yoe found

descri bed end clanps an cutters nee not e use

usi ng the infl &CaBeetpthg f%re&?lf‘gl FBRSRLLIAAE1PBR | r‘e?i’qvét’r'g%/ﬁl oofu ‘T”bl%@% be

- plastic pipe fmatarga!zemasameﬂ ibegns found.e |THerefbre sa Moai-ddyandcensimetipn

~ the shop using,qf ehee Pﬁﬁ@

. 234 for pressurlzin

| .
prieent£fMad X hlra%evhm% ¥s Bé@&dof i Jhess

:Fs Lnserte e t.he. rqunded
pl astic pi pe wWERVE e°Fn?€’%ﬁ’gt‘f1 hFu “'iﬁtzo?c‘mf& ﬁ‘ﬁtl th(f‘%gl gg'F i '18Rds
positioned at tate itmdleagingd Wtzzﬁm of Thae outendsube| 34| agi pa epapdpd
poi nt, the pr eQﬁtambeagt SoffespRnating € Adld @eBiP8dl ﬁ\éﬁéeatiﬁﬂet@dﬂd:ﬂ’ ahel ded

W th the def | at ed and nect ed ai,r, .hose I

FI & 27 shows tp&é’%pﬂgg’? EoBRaEE- | ﬁé %?’ﬂ&é‘g o %gkgn‘ﬁ% %’Féhg ﬁ%’“ﬁgiz
into the roundmeploast\hcepppnda.w-e Fubbepginnen siuhe ©F Pﬂédﬁ'l%? A3R

pipe 10 with thasdgel akeeaabug thde. armh&eaeaf%ﬂgmmdeﬁhbepi@ ebad wa:gefrom

At the job site, the Se t rt d a
flexible into t%émltatdg'ﬁga gﬁ‘%’ Iq-'e‘:'o %e__?\ eeﬁ{ﬁg.g e%[ ﬁ%% \%’lérq{’ ég_{&? Hie
fol ded pl astic §adding erds af \thhOtlﬁ%r pranyast FPPed%‘F‘? a‘t@&rb’i“’ﬁ%%’él'ﬁ’é’estaé'ﬁm
t hrough the pl RAathébea ivvatf algipecsoih 200 pheviaingain adrphesd iconpepeidm232

been healed, 1 1je,Dldig dos 11| 030 el nDOS®2281 b SUDBIAANCr 40 chde

t hus t he st|II IeIea I on of
surroundi ng thér;ﬁsﬁg‘rt*ot%(ﬁﬁﬂ éﬂﬁ???ﬂ *F ghé ”I“Ea&'dltﬁﬁeendm'tfoFFF ﬁ 'g? éhas of

the outer and inner tubes are gathered about pipe stem 230 and
tightly banded by a band clamp 236 to prevent leakage of
pressurized fluid from the inner tube. |
" The inflatable plug as described is typically used in .
installing and rounding new service laterals so that the previously
_ described end clamps and end cutters need not be used. A typical
-/ method of using the inflatable plug is as follows:

The required length of folded plastic pipe for a given
existing service lateral is heated and rounded in the shop using,
for examplé, the steam tube previously described. The hose 234 for
pressurizing the plug is inserted through the length of the rounded
plastic pipe with the inflatable plug attached, until the plug is
positioned at the leading end portioh of the rounded plastic pipe.

At this point, the precut length of rounded plastic pipe
is reheated, and refolded with the deflated plug and connected air
hose folded inside for field use. FIG. 27 shows the insertion of
the air hose and connected deflated plug 222 into the rounded
plastic pipe 10. FIG. 28 illustrates the refolding of the pipe 10
with the deflated plug 222 and hose 234 inside the folded pipe.



the plastic pipe. After the plug is inflated, the plastic pipe upstreamof °
the plug is pressurized by, for exanple, conpressed air, rounded and-:. -
expanded, with the air being supplied by a hose 236 |leading into the -~
torpedo plug 176 at the trailing end of the new pipe at- the access

opening 98. After the new plastic pipe has been conpletely rounded and
expanded to a desired dianeter within exiz4g ng |ateral 90, and then all owed
to cool, plug 222 is deflated and pul | ed out of the newy rounded pipe 10

by its ai r hose 234. athetweWjob i Bsta) | exiepbasétrclpipé aisi neatedr aadly for
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plastic lateral is now ready for serv:.ce.
ethods Of Usj t e ug

FIGS. 30-32 illustrate some other methods of using the
inflatable plug Just described.

A slight variation on the method illustrated in FIGS., 27~
29 is the use of the _'inflatable ‘plug as a sliding plug during the
pipe rounding process. According to this variation, referring to
FIG. 30, inflatable plug 222 and its air hose is installed in \J/
prerounded plastic pipe 10 and folded with the pipe as before, but
with the plug positioned about six inches or so from leading end
238 of the pipe, allowing such leading end to be folded as
compactly :as possible for ease of insertion into the existing
lateral. The folded pipe 10, with deflated plug 222 inside, is
installed folded as before into the existing lateral. The trailing
end of the new pipe is plugged by a torpedo plug 176, with air hose
234 extending through a seal in the torpedo plug.

With inflatable plug 222 deflated, the folded pipe is
steam heated internally throughout its length to render it pliable.
Air hose 234, where it extends from the torpedo plug 176, is pulled
tight and a clamp 240 is placed on the hose 12 inches or so behind.
the rear end of the torpedo plug. When the folded new pipe is hot,



end of the torpedo plug. At this point the |eading end, |ike the rest of

t he nemﬁy Lnstalled pipe, will be conpletely rounded. The I nflated plug 222"
i's mvm/deflated and pulled fromthe newy installed pipe. FIG 32

il lustrates anot her nethod of using the inflatable plug 222 to plug, round
and expand the new pipe within an existing |lateral or other conduit having
access fromonly one end. According to t hi &%t hod, the new pipe is

inserted into the lateral in a folded condition using one of the previously
descri bed i nsethecinflatiabilguptuciig dnflatad.t hdn| addi tigne e cfalidedonew pipe
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When t he neM/pepé Is hot, inflatable plug 222 is partially inflated. The
internal pressure wthi ﬁc&@ﬁi Bl Eﬁls ‘Mat‘fxﬁd”ﬁt’h@%éi silg% Os %'néerteéﬁinto
pressure, is ipcre sed an the |nfrated g %
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partially roundeepribeﬂhenseh'eiomfﬁe&habmemlargl dizhout the leading end clamp
or inflatable plug to seal or restrict its leading or downstream
end. However, at least about 10 feet of extra length of the folded
plastic pipe is left exposed at the access end to the existing
lateral. The folded pipe is steam heated internally to render it
pliable throughout its length. When hot, an exterior clamp 242 is
applied to the folded pipe about 10 feet downstream of torpedo plug
176. Then the upper ten feet or so of plastic pipe between the
U clamp and torpedo plug is rounded by injecting steam from line 236
through the torpedo plug into the upper ten feet of the folded
pipe. The rounded ten feet of pipe is then allowed to cool in its
rounded condition.
The torpedo plug 176 is now removed and inflatable plug
222 is inserted in at least a partially inflated condition for ease
of insertion into the rounded section of the new pipe. Torpedo
plug 176 is reinserted into the end of the rounded section of new
pipe with air hose 234 from the inflatable plug extending through
it. Now clamp 242 is removed from the new pipe, and the inflatable
plug 222 is deflated. The new pipe is steam heated internally
again throughout its length to again render it pliable. When the
new pipe is hot, inflatable plug 222 is partially inflated. The
internal pressure within the new pipe, which may be steam or air



reaches the downstream or |eading end of the new pipe, it is fully inflated
to plug the end. The new 'pi pe is now fluid pressurized, fully rounded, and
cool ed and thus stabalized in its rounded condition. Wen the new pi'pe is
set, inflated plug 222 is deflated and pulled fromthe fully rounded pi pe"J
Renote End Pipe Seal A nethod and neans are al so provided for sealing the
space between the new rounded pipe and tBF exi sting pi pe wherever such

pi pes i ntersect another openi ng, whether a manhol e or anot her pipe. A

typi cal pi perease¥sedis cinansasedbhe and the pavkialloamnsddted plugi 22R ngs

se\ggr i Ine pReperida letm-eﬁgnatﬁe\twéw fiﬁt bg, \'ﬂﬂﬁ:ﬁ%?d ﬁh&sfsbaﬁw i% PAFRLETEY bl e
ru er sl eeve._,.e Cl ersec I e ew

is typical I f?ggﬁ) ‘gg?glh%‘%% clf%’&fi éﬂfy j}”&é?ﬁ%ﬁgﬁ‘ eP f‘h‘fcﬁlzess
It is typi cxengha ths dawnsraan Psnlgeasungcamri b%f theangw ®dper ekt lisn§ekly Wien
the | eadi ng japtlagdd ttlaepiabdaeb Nd.Pi Prfe inew Bii:é' i£thawn 154 eeisBueizsaich as

hol h | ded d
bef or 6 such Ty To1Heg, oBRep EaBledl F%O‘#ﬁﬁﬁdfﬁai’s#lﬁdee% ke, ASuflidd P! PC
sleeve is r @Qnéé@-%-sowhq!hé'- ‘ppg}éeliﬁ sfpantntladedi Pipg Ré rmﬁaﬁhgted

process unt iandt pe1Yddbeonstreveully Q-eﬂﬁuasﬁgetl ghtly between the new pi pe
and the existing pipe to formt L. For sealing the renpte

and i nacce55| bl e downstream ends- o] AN = .,‘,j lines, a different
methofl is used. An a&hé’?ﬂ‘édbéé‘ﬁea‘eiﬁ%bﬁe FARR BTV ided LoTh 8epLiRg ntPend
of thé fol degacebgtweeni 'shé\a'aéve&oundémlpi@é and tmm:détbng @ipe wherevermn

into the exgaahgﬁpggpfmé‘;@e@éaﬁs oBaAkAS, ShBtHeriS mifibi& bl fn Qna‘a?er o

rounded end -eeve attache
f ol dod ey BABS: | & ENBAFRLPIER & "‘FHES%S&%’PI HEOTR e aobhg MEesEoRnes
previ ously d€saribdiddipgosewsrsling ghefe tite eptevsoassewedenainbed expandabl e

plug i s the preferregnget fagh of ;¢ Oundhbig aad &ﬁ&?z’é@b@met%ﬂb&@t g1&avk t 0
be seal ed. Wﬁft; su,ch g,uqiﬂt# e ex ansi o é_’Iilence seal s m)rﬁ:
conpl et e an§PftF et g { §ﬁsﬁf H 12 (?2h edefga‘hf"geﬁ SR s . ¥t hod
Of Renovi ngtypicallyed/Phetorop/@sinch thick but can be of any reasonable
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When the leading end of the folded new pipe is installed
and accessible, such as at a manhole, the sleeve can be slipped
over the folded end of the new pipe before such end is rounded.
Then, during rounding of the pipe end, the sleeve is rounded also.
The new pipe is expanded during the rounding process until the
rubber sleeve is compressed tightly between the new pipe and the J
existing pipe to form the fluid-tight seal. For sealing the remote
and inaccessible downstream ends of building sewer lines, a
different method is used. An adhesive-backed rubber sleeve is
used. The leading end of the folded new pipe is heated, unfolded
and rounded before insertion into the existing pipe. The adhesive-
backed sleeve is applied to the rounded end, and the end is
refolded with the sleeve attached. Then the folded new pipe is
inserted into the existing pipe, using one of the previously
descnbed processes.

Use of the previously described expandable plug is the
preferred method of rounding and expanding the remote end to be
sealed. With such plug, the expansion and hence the seal is more
complete and more certain than with the other described methods.




Replacenent.Pipe From An Exi sting Underground Conduit As previously

noted, it..is " preferred that the thernoplastic pipe 10 be manufactured
in the foIded shape shown in FIG 8. Having been first cooled and set in
such fol ded shape, the thernoplastic pipe retai.ns a nenory for such shape
which tends to return it to such fol ded shape whenever it is reheated and
unrestrained. This nenory for its fol ded SE§$£ can be utilized to advantage
when renovi ng a damaged section of such pipe from-an existing underground
conduit. To renopve the diethed 0fHh®Re A ailped (T PLBs
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Heating the folded thermoplastic pipe for ease of.
insertion, especially where bends in the existing pipe or conduit
must be negotiated, or the new pipe must be fed down through a
small, deep vertical hole, is important. Several methods of

k_/ heating for insertion have been described including use of a hot
! box or a long steam tube. Another method is to heat the inside of
the existing pipeline into which the thermoplastic pipe is to be
inserted. According to this method, a short section of pipe having
a steam connection is connected to the trailing end of the existing
Pipe to be repaired. A canvas closure on the trailing end of the
steam pipe section is wrapped around the folded new pipe as it is
fed through the steam pipe connection into the existing pipe to
heat the new pipe during its insertion. This method can also be
used to advantage with the other described heating methods.

The flattened, folded form of the rigid 20 thermoplastic
pipe shown in FIGS. 3 and 8 is also important because such form
gives the pipe certain attributes unattainable with other pipes
that may be collapsed or partially collapsed solely for the purpose
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39 of reducing their overall cross sectional dinensions for insertion in an’
existing pipe. First, the flattened, folded form-shoiwn,- when heated and =
pliable, can be stored conveniently and conpactly in Iong or short I'engths
on a spool. The spool in turn can be used for storage, reheating and ’
feeding the pipe into a conduit. Second, 25he form of pipe shown, when

heated and pliable, is capable of being inserted into a pipeline around a
sharp bend foforedusing ltheir tavexialacersss epctioral Simknaions fanhigisertdon is
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FIGS.| 3.and 3630 QE—E&’J ?Eﬁée{- SaibYwithic R Ehnydtprevithslf tnérﬁibﬁ&éer i t

struturallyrlgl ntly strong to w hstadexte eart _and
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thickness, without damaging the pipe walls. Such a minimum bending
radius is unattainable with other known forms of rigid
thermoplastic pipe when in their pliable states.

Third, de#pite.. the foregoing attributes when heated and
pliable, the folded pipe forms of FIGS. 3 and 8 can be reformed
readily to a round shape and set to render it structurally rigid
and sufficiently strong to withstand external earth and hydraulic
pressures. Thus the installed thermoplastic pipe of this invention
is truly a replacement pipe, not merely a liner for a damaged \_/
existing pipe.




ext ruded thernoplastic material in a desired reduced

cylindri-cal cross-section wherein all di mensions are | Iar
shape;" 2. ° The apparatus for manufacturing a |engt hlﬂi’iﬂ" Fi“ﬁ Eﬂ
furtter including pressure neans for nai nt&'@i ng the p uded

material in the calibrator neans. 3. The apparatus for manufacturing a
| ength of pipeCBAINMS:ai m 2, wherein the pressure neans i S a vacuum neans
applied to the outside of the pipe. 4. The apparatus for manufacturing a
| engt h of pipe of cl ai m 1 wherein the calibrator and cooli ng means are
constructed so,t hat P uisS 580 g | i N a hot

£
pl astic state sucht epl)xlspe ?n%’rﬂ% g%xg afgrré re a{inamem)ry

for the reduceehémdmastzc pi‘ﬁbeiﬁpaafﬁu&df Qérxﬁml&uéaséw&maabyength of
pi pe of claim4, wherein the calibrator means includes an opening for

shapi ng the extrude@xmtiﬁlt alleamm £or (eetradingra thegmeplhsticomgtewipladd a
rounded fold port| %hergp Q
hot as s e into a length of pipe having a substantially
tubular cross-section of desired size; and
calibrator and cooling means for shaping and maintaining the
extruded thermoplastic material in a desired reduced form of non-

cylindrical cross-seétion wherein all dimensions are less than the

(N
tubular shape.
2. The apparatus for manufacturing a length of pipe of claim 1,
further including pressure means for maintaining the shape of the
extruded material in the calibrator means.
3. The apparatus for manufacturing a length of pipe of claim 2,
wherein the pressure means is a vacuum means applied to the outside
of the pipe.

o

4. The apparatus for manufacturing a length of pipe of claim 1,
wherein the calibrator and cooling means are constructed so that
the pipe is fed into the calibrator means in a hot plastic state
such that the pipe in the reduced form will retain a memory for-the

reduced form.

5. The apparatus for manufacturing a length of pipe of claim 4,

wherein the calibrator means includes an opening for shaping the

extruded material which has a short leg and a long leg and a

rounded fold portion therebetween.




