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of plastic or by inserting into the existing pipe a new plastic
-pipe.

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
pipeline, 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
inside out as it is inflated and blown into a pipeline section from
one end of the section. This process is expensive because it
fequires 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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expanded using heat and internal 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 polyethylene or polypropylene having a
plastic memory. The liner tube is manufactured in an out-of-round
"g" shape to. fit inside the existing pipe, then inserted in its
out-of-round shape into the existing pipe, and then expanded
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. Repair of Crooked Pipelines and -

Pipelines With Access at Only One End

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
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enploylng rigid or sem-rigid tubes for insertion in an existing
under gr ound pi.pe have a conmon dr awback: because of their rigidity or near
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repai,ring and relining existin el ine sections intersected by
bU|Id|nbnggEFg??ﬁegnﬂngBaQFYaFﬁg?g?E&Pd or sem-rigid tubing is that once

the tubing is in pugthermotés embsti ngnpwpel processieésonof t relirmming or

L Cukboh ek A2 % e i RRTEbUSR " pYRRI Inkl® AP abBERED 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. Repairing Sew s . |

- Another disadvantage in wusing known processes of

repairing and relining existing pipeline sections intersected by
building sewer lines \ising 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. o

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



openi ngs can be cut in the replacenent tubing to access the service
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4. Apparatus and tooling for manufacturing a replacement
pipeline product as aforesaid:

5. Apparatus and tooling for installing a pJ.pelJ.ne
product 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 tooling 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 conduit. _

SUMMARY OF THE INVENTION .

The present invention is a new and improved repair and
replacement pipeline product especially suited for installation in
an existing underground conduit such as a building sewer with bends
and curves, and a series of closely interrelated .methods,
apparatuses and tooling for manufacturing the product, installing
the product in an existing conduit whether straight or curved, and
reforming the product to a rounded shape after it has been inserted
into the existing conduit in a collapsed folded shape. The
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aforesaid plastic pipe product is installed in an existing curved
lateral, for example, by reheating the plastic pipe to a pliable
state, then pulling the hot pliable folded plastic pipe into the
existing lateral with a pull cable and either a pulley arrangement
anchored temporarily at the intersection of the lateral and the
main, or with a cable winch from the nearest manhole in the main.
The folded installed pipe is then heated throughout its length by
passing a hot fluid through it, plugging or restricting its leading
end, and injecting a fluid, such as air, under pressure into the
other end to reform and'expand the pipe to a rounded shape. Then,
while continuing to apply internal pressure to the reformed rounded
pipe, it is allowed to cool and thereby stabalize in its rounded
shape. '

According to ‘another aspect of the invention, various
means are provided for plugging or restricting the leading end of
the plastic pipe for enabling the passage of a hot fluid
therethrough while folded and yet enabling the expansion and
reforming of the folded pipe ~to a round shape through the
application of an internal fluid pressure.



passing a hot fluid through it, plugging or restricting its |eading end,
and injecting a fluid, such as air, under pressure into the other end to
reform and expand the pipe to a rounded shape. Then, while cont’i nui ng
~apply internal pressure to the refornmed gounded pipe, it is allowed to cool
and thereby stabalize in its rounded shape. According to another aspect of
the invention, various neans are provided for plugging or restricting the
| eadi ng end of the plastic pipe for enabling the passage of a hot fluid
t heret hrough whil e fol dedcendingt ténahbthgrt Bspespansi aheand ref orm ng of
the fol ded pipe to a round shape through the application of an internal
fluid pressureinvent ben Acmeansngreéopaootitied fispectupofingheri seadtingn, neans
are provided for capping or sealing an inlet end of the fol ded pipe for
enabl i ng interaml iflet depdesfutheafoddedf pibe fordevapilpogwheternedrt ed
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i nvention, a ufilgi@ pneseyranateaslefdéhec§0ﬂ§egrsvpeeuhﬁnanngeﬁtsd pushed
through a service lateral to its intersection with a nain pipeline and
tenporarily anthbPedntfdist bpanundergrrugdt BAPRAANEA both ends of the
cable. One end of the cable i s anchored %o the | eading end of the fol ded
pi peline to be install eASCPREANELECBRBEREE aRReEEt Phethgbie is pulled to
draw t he fol ded Iaitic pi pe into thﬁ exi stizn g teral .while in a heated
pliable conditt®RRALLEBr df Nt BUENBE éFyégﬂgéga e AeVif¥erd on, various
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of the pipe sufficren prrablfé for InSertion~ih an existing conduit ths
is not straigh{emporarily anchored there by maintaining tension on
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both ends of the cable. One end of the cable is
anchored to the leading end of the folded pipéline to
be installed; then the opposite end of the cable is
pulled to draw the folded plastic pipe into the
existing lateral while in a heated pliable condition.

Accérding to another aspect of the
invention, various means are provided for heating the
opposite ends and various other portions of the
plastic pipe product for enabling the reworking of
selecfed portiong of the pipe for clamping, inserting
plugs, or rendering the entire length of the pipe
sufficiently pliable for insertion in an existing
cohduit that is not straight.

The foregoing and other objects, features
and advantages of the present invention will_become
more apparent from the‘following detailed description

which proceeds with reference to the accompanying



The foregoing and ot her objects, features and advantages of the present

i nvention‘wi || becone nore apparent fromthe foll ow ng detail ed description
wi ch\proceeds with reference to.the acconpanying drawi ngs. CQur
copendi ng- application GB 9204727.3 is concerned with a repl acenent pipe
product for .nsertion into an existing conduit which is supplied in a
reduced formretaining a nenory for the reduyced form and which can be
rendered pliable and expanded to a substantifal Iy tubul ar shape. CQur
copendi ng application GB 9204728.1 relates to apparatus for manufacturing a
| ength of rigid thernoplastic pipe in reduced formand including an
extruder for extryding a hot thernoplastic nmaterial into a | ength of pipe
of tubul ar cross- E%Y?B *and cal i brator and cooling nmeans for shaping and
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round condition to a co psed a |t|on storage on a spoo
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after it has been folded as taken along the line 3- is a
di agrammatic vi evF§hRVARG which can be rendered p11ab1e and expanded
o to a substantially tubular shape.
~ Our copending apéliéation GB 9204728.1
relates to apparatus for manufacturing a length of
rigid thermoplastic pipe in reduced form and
" including an extruder for extruding a hot
thermoplastic material into a iength of pipe of
tubular cross-section, and calibrator and cooling
means for shapihg and maintaining the extruded
material in reduced form.
BRiEF DESCRIPTION OF DRAWINGS
o FIG. 1 is a cross-sectional view of
conventional thermoplastic pipe; such as PVC pipe
used in accordance with the invention in its expanded
rounded condition:;
| FIG. 2 is a pérspecﬁive_view of the
thermoplastic pipe of FIG. 1 and apparatus for
reducihg 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



process of installing the fol ded and spool ed thernopl astic pipe of FIGS 2
and 3 within a sewer main froma manhol e, the fol ded thernoplastic pi.pe
being stored on a roll and being reheated for installation in the G
under ground pipe to be rebuilt; FIG 5 is a diagrammtic view, in .
section, showing a detail of apparatus for expanding the fol ded )
t hernopl astic pipe of FIGS. 2 and 3 and Boundi ng it after it has been
inserted in the existing main pipeline as shown in FIG 4; FIG 6 is a
di agrammatic view, in section, showing an alternative structure for
expandi ng and round| ngqthe foI ded thernoplastic pipe after its insertion in
an existing coihrinoriastiq pipe QENERALi ¢ aEterohhl hascheenr 6added typical
bui | di ng sewer extending froma bujldipg.serviced to a nmain sewer |ine and
i|lustrating &%t q‘ﬁf‘dg longthe ann?hg ?h%f‘nﬁﬁ?as%?c pipe in an existing
bui |l di ng sewer in accoré:f‘g e,WMth the invent i S _a sectional view
f

through a preferred for 4 hts R HRPT AR 1ﬁ| Eéeﬁfs %29 &hen fol ded

f install ati i i St d duiyt 9 h t
ol evat; onal vitkpefsd PE IO IS PLAE CKOSaBa M  eRBOTRA. ooi ast i pipe |
of FIG 1 i | F t |

\C/)i ew of th;ncgﬁg%ﬂf‘gﬁg mf?é %Qpara gggof F?&d g%négﬁthﬁgﬁgégvgc;f)gaas
used to manuf QE%H{ efzt&ﬁ—'a%nﬁimi StikePE Pdé@ £ Srﬁaﬁﬂéb?é‘)’nph eFl G 8

FIG 11 is an evati on V|ewo a single calibration plate of the

calibrator of gd{agldkePedi snes f6PM 4RE béi‘ﬁglﬂ-eﬂéa%d':f@r 10; FIG 12 is
a plan view of a foI ded end portion of the thernoplastic pipe of FIG 8

with an attachatstdll £t fopi Y tReNendeFgreéandnpppe! t8gbeheebupeti;nt o an W
existing conduit and for restricting the pipe end to enable internal '

pressuri zat i on—ef—t-hepipeforoxpansion, IZII 12 is a sectiopnal view taken
along the line 13-13 of FIG 12; FIG 14 is a sonewhat schenat i pl an vi ew
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and- pulley apparatus of the i nvention, also shown in FIG 7, for pul i ng
the fol ded thernoplastic pipe of FIG 8 into a service Iateral t he
apparaf us being shown in its operative sition; FIG 15 is a viewsimlar
to G 14 but with the apparatus of FlI 14 in a coll apsed condition for
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FIG 22 %‘hl@éﬂﬁi%‘%ﬂﬁeq“lm@ it G 22; FIG 24 is a sonewhat

schematic side el qud) anals va edeRémabi€ ndléeatsénap piewrusruand apparagusng
an end pfoorxz Imgrr]m(%acttur:ing' 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
thernmoplastic 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 clamping means

W, 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;



t hernopl astic pipe for reworking the end portion, the heater tool being
shown installed on a folded end portion of the thernoplastic pipe of -FIG

"8; FIG 25 is a perspective viem/of‘%g i nfl atabl e end pl uggi ng tool usedjn ,
pl ugging or restricting the end portion of the thernoplastic pipe instead - -

of the end cl angpisg 0 1 : AR NS and
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duri reipestal | ati on of the thernoplastic pipe in a service lateral; FIG 30

is a schematic pi@W 148 | 15td dldaad rnehlce1898t 2bnhlevidl| 6 aNE tiaWBNY
tool of FIGS. 25 and 26; FIG 31 i's a schematic view further illustrating

the USEPoflthe inflatable pl uggi ng tool of FIGS. 25 and 26 in accordance
with the procespI¢! | ust ist ad viewIdE &9; ehd Cof32hies thexmoplaisticy ipcipe

illu i i t he i at gb i I Fl.GS. 25
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of a main pipelpfg, sEFtiPa I&wadr Bhe' ERALhNE1aRpIhGmbahE TG PiPELligne
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20 clamping the thermoplastic pipe end to the plugging tool of
FIGS. 17-19;

" FIG. 22 is a somewhat schematic longitudinal 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
thermopléstic 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:



FIG 35 is a schematic viewsimlar to FIG 34 illustrating still another
met hod of releasing the pull cable fromthe thernoplastic pipe after it has
beeh ikserted into an existing undergrouﬁ& conduit; FIG 36 is a sectional
view through the intersection of a main pipeline and a service |ateral
pi peline after thEIGheﬂﬁDpBagtMDngh@rahnEHGel&vhaaohaanwimmbabamtkyuin
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FIG. 32 is a schematic view illustrating stlll another
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 cabie 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
illustrating 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 sectional view through the intersection of
a main pipeline and a service lateral pipeline after the
thermoplastic pipe of FIG. 8 has been installed and expanded within
the main pipeline to be repaired, and illustrating a method of
locating and cutting an openihg through the newly installed



under ground. Yet such thernopl astic pipe can be nmade pliable upon heating
to tenperatures of, for exanple, 200 F or above in the case of PVC pipe. A
characteristic of the pipe 10 is tmgy it is structurally rigid at typiggl
anbi ent above-ground and under ground tenperatures but becones pliable and
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wi tH espect to the apparatus of FIGS. 9-11, at |east certain aspects ol
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in geteRyl @ia gsfgg§hggg. FIG 2 illustrates apparatus 11 for reshaping
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t he conventldﬁgl pi pe 10 that has been nanufacturequn a round shape.
DESCGRIRTION OF: PREEERRED EMBODIM
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FIG 3 ill ust¥isas %8s been reshaped
by flattening and R 2. More particularly,

e VC, 2 P MR AR RN T Fme B A,
houdi tyrsonosi rpipe which is used to rebuild, repair or replace
underground pipeline sections such as sewer pipes or the like
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 temperatures 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,



thernostatically controlled electric heating el ements. By passing the
ori gi nal round. pi pe 10 through the heating box. Ila, the pipe is heated to a

t énperat ure sufficient to nake the pi pe‘%astlc or pliable. It is then
flattened-or preferably folded, in a folding apparatus 11 to reduce its
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passed t3& oshewn ineFIG.utfe in bther mpnnexrd dascnkbed Wit n,e$mct n§9r then
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P i S e SEACE et (e bhE°asEBethnEtask S bpe) Banpiactiaacnn
r eheat ech i tubtkahobrbaowrid tdteapeb sFIe. 2ndiilustiatidedapparatie hot foex
and fol dzeéjsl?épﬂ{nf Vél?é’%é’mpeer%ﬂxpaefj Wtstpi%eé Yo ‘é}&ste rhtais0 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 1la, the pipe
is heated to a temperature sufficient to make the pipe plastic or
pliable. It is then 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 larger inside diameter
than the original outside diameter of the thermoplastic 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 practical pipe folding 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,




into the pipe to be rebuilt. In sonme applications it may al so be possible

. toinstall the thernoplastic pipe into an existing pipe in a flattened _
condition, particularly if the therpqoplastic pipe inits rounded conditign -
is of substantially smaller outside diameter than the inside di aneter. of
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spool such as spool shown
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and 8" Ay ERoFRSYRS FI@! WNe Sefigh dnd Okfa€, Pidiootdd Pfpe 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 conditions, 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 pipelﬁne, the pipe will tend to return
to its round shape, perhaps prematurely, unless restrained. It is

{J



uniformy heated. Hot box 18 is preferably nmounted for portability and is
shoiwn nounted,on the flat bed of a truck 20 for transportation to a job
siteNA smal l er formof the hot box HBZFge wheel - nount ed and manual |y noved
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uniformly heated. Hot box 18 is preferably mounted for portability
and is shown mounted on the flat bed of a truck 20 for
transportation 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
spool 12 for winding material on the spool or unwinding it from the
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_of Repai ewer Mai

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 10a 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



installed at the leading or pull-line end of the new pipe after
di sconnection of the pull line. Each of plugs 30 and 32 is ‘equi pped- with
peri pheral expandi ng gasket nembers P& arranged for releasible séaling W

engagenent with the original pipe 14 and the new pi pe 10a. CGasket nenbers
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a“d1£SL Lﬁ pg}gpﬁerofnexpanggng 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 therethrough 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 passing 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 alloyed to cool after attaining its

C
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FIG 6 shows another type of apparatus for 35 expandi ng the reduced pipe.
Such apparatus conprises a mandrel 50 having heating nmeans 52 therein
capabl € of heating the new pipe-into aHZIiable state. Mandrel 52 is
connected to a pull cable 54 or other ans for drawing it through t he
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Sewer K@avffyi aBans 52 therein capable of heating the new pipe into a

pliable state. Mandrel 52 is connected to a pull cable 54 or other
means for drawmg 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 ;nvolves 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 pressurized 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
d1ameter '
Example
In a'speéifié 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



An advantage of expanding the newly installed thernoplastic pipe

beyond its original design diameter is illustrated with respect to
FIG 36, where the existing pipeli section to be repaired is intersggjed,
by at | east one building .sewer |inE~r other service Iat eral In FIG 36,
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portQ e ggutersected at 72 by a serv:Lce 1atera1 74 such as a buJ.ldJ.ng

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

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. S




def| nes a passage 89 along the interior of the fold fromone end of the

pi pe‘to t he other. The bul bous fold and | eg ends as descri bed are inportant
i m preventing the fol ded portions of th?pl pe fromsplitting when fol ded,
which might otherwise be the case if the ‘pipe is folded flat in the manner
shown in FIG 3, especially pfefdia-dd AR d | iy 'H%e

Passages 86, 88
fluid to pass
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thick-walled. 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 reworking 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. InStailation 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 ixsually practical
only from a single small vertical excavation adjacent to the



suited for solving the unique problens of installing a replacenent |ateral
pipe in an existing |lateral pipe underground froma single snall,
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' Referring to FIGS. 9, 10 and 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
reheating to a pliable condition so that the resulting folded pipe \v)
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
outlet. 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 withih'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 négative 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



spaced-apart relationship and assenbl ed together by assenbly rods 130 and
spaced apart hy spacers 132 between plates on the rods. The rods are
t hreddéd at their opposite ends and seﬁared by nuts 134. The calibration
pl ates 128 cl oser to the inlet end of eé calibrator are spaced nore
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mai nt aithheclIeswithl 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 iongitudinal
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
inféed funnel 107 where the material is heated to a high
temperature of, for 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




shape. The vacuumwi thin the box holds the plastic against the outer
periphery of the opening 138 as the cooling water cools the plastic .
mat eri al . | f desired, conpressed air injected froma source 140 into mJD
120 can be passed down through the i2Perior passages 86, 88, 89 of the
folded plastic formto ensure that the plastic does not conpletely collapse
and Yacyam box nleheam@mhmuqmmn@fcam:facﬁmcblmm Byrhe plisites them

d of | i_bratqr i s .cool ed
Ehﬁiﬁtfzﬁt“@%ﬁéﬁ*ﬁdﬂ?é‘%ﬁsa §1€ ST Tl HneR ph sdz e AR hinecor
i ndlRecths galibratien plgte osgob,ngs| ns8pul | | the fol dedI pl asti chf romrlt Be
t A e S
Y?Sﬂ:{“sb?ﬁrgﬂ FhEfothd IuSsele i A 4 N hd B Thre g kL
i pir%df%@éi yandratheyy fludd,i mdt Mesaﬁqxelameezadahmlwacpmatbsx it
s I aré WErpe16sEStagbtablyat ehlls fOIMLSR RaALRLE tHe BHLIFRg110)

by pH ling the strip or sfream of teri xtruder un nsi on,

ContSHARE 1 heThE Vadiuk #LER i ithe hBPxdhedds dhe plastic cagabnsththeol ded
pi pe:uﬁprpwimrglaftmefebéﬁﬂn tisg as £ad &Bf,ﬁeya wheey Iﬁgigléﬁe' nto

a_sopurce of . eam t hrough an 1 nl et openin 0 I €éheat
t he ggﬁﬁfp“fo i%dl‘i?%hr%- t FeMPresssd W%pé@ﬂ@@%@ﬁ skxomga spool
116. so'i.tmmunber mnd ;ﬁaclm oéaﬁabebpaeeédpldaivﬁﬁ tsmhw the Eﬁké?&?&

f t det er i ne ul ler. and o é
'de5|rex#%é§§)?%1ci§gs ys+?PE€ge$ﬂ+§s%dp ?ﬁ Ag §¥ %PoﬁgﬁyrﬁeﬁPPBnﬁﬁe t he
spo@lastsiofdoes not compietediydeslliapmel ambytdena wtaihethentubalast box

ropaa O L elddl i 0B RheCRing, BBY) Bifs s petrinlieedfhise v

not e [downskreamcend gfnsalibratar 26 citt ois| godbedrshbetahtlﬁ.amyo a
Tota0E BPRAEGH A dOMENONIAG 16250k "GhibE LRGEILLRELORPIAGNLESD! PP
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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.

From puller 110 the folded strip is fed through steam
tube 114 into which a source of steam 115 is fed through an inlet t)
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
callbrator is a function of the extrusion speed as determined by
the puller and of the desired wall thickness of the finished pipe.

As prev1ous1y mentioned, the spool 116 of stored
folded pipe 10 may be 1nsta11ed in the hot box 18 shown in FIG. 4
for transportatlon to and use at a job site. : .

e aratus: and (e]e] o ta
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FIG. 7 not only illustrates a sewer lateral as previously
described, but also a method, apparatus and tooling for inserting
the folded thermoplastic pipe at FIG. 8 into the lateral. First,



Then the length of the lateral to be repaired or replaced can be determ ned
by inserting a flexible fiberglass rod into the lateral at the excavation
and feeding the rod through the laterabintil it intersects main 94. \Wen
this occurs, the length of the rod wit ‘the lateral can be narked at the
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fol\ded plastic Eﬁge 10 1s precut to length at the factory, It can
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to be repaired are not accessible 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 excavations. A smailer
"mini hot box" 140 is shown in FIG. 7 enclosing a spool 142 of
folded pipe 10.

Alternatively, rather than premeasuring and precuttlng
- the réqulred 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 transpofted 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 _oi‘ 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



a job site and can be 20 feet long or longer. For field use, a canvas steam
t.ube is preferred over the netal tube because of weight considerations. If
the sewer lateral is straight and its access opening at the excavation \J -
cl ose enough to the surface, or the 2%tavat i on | ar ge enough, it may be
possible to insert the necessa | ength of folded plastic pipe 10 into the
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and end cl anpi ng, jan, end anpi ng. npans, a hown i p FLGS. 12 and 13 is
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used. A side viewor
reference to these thrba pRgs 144 includes a pair

of rigid netal Bhétﬁéthgaeof’liﬂs%%éﬁg 't!ﬁﬁ ﬁew 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
pull cable from the access openihg.at the excavation 98, the new
pipe can be pulled through the full length of the existing lateral. g:)
This method involves the use of special tooling. ’
~ 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 theréby 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




top plate 145 and an opposed bottom plate 146. Both plates have forwardly
projiecti ng nose portlons 147 with aligned full cable connecting holes 148
ext erdd ng t her et hr ough. Anot her pair of_ aligned holes 149 extend through
the bottom and top plates rearwardly of2€he cabl e hoI e 148 for receiving a

cl anpi n ol 50. 50 al so extends throu ned drilled holes 151
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t 0 expadesdiredr temperaturepapon injection of steam into the pipe through
connection 158. The length of pipe 152 may be in approximately two
feet for most purposes although it 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, 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.



.+26. The described end heater is also useful in situations where it is
desirable to heat the end of the iqiq:;)e to render it pliable. Rel easable End
Cl anp Anot her form of end cl anp, ch can be used instead of end cl anp

144, i s Ther édsensbdl eneimbaceraip 20 GEefd im sFLER 1089 where Gtagp 144 has the

di ) f t bein enmpyable fromthe leadi ng end of pipe 10 when
m@%ﬁﬁ%‘l § ?h%at% ng %ﬁd{n PiRe ﬁBUYe"@EFt{}nBl' Ebﬁ € he clanped end of the
conduit using a special renotely activated cutting tool as shown in FIGS.
22 and 23 and described hereinafter. Fbmever rel easabl e end clanp 250 can
be renotely rel eased fro 8s§ i\g’p the new pi pe wherr desired and
pul l ed by cable fromthe el easabl e cl anp 250
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A bolt 268 extends through a large opening 270, larger
than the head 269 of the bolt, and through an aligned smaller bolt-

hele 272 in lower jaw 256. Bolt hole 272 is smaller than the nut T

273 and head 269 of bolt 268. A-bifurcated release wedge member

276 has parallel arms 277, 278 defining a slot 280 and joinéd 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 W/
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 réceiving 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 762,
and after the new pipe has been rounded except for the iclamped- end,
release cable 284 is pulled. Fhis pulls wedge member 276 from
beneath bolt head 269 (or nut 273 if -the nut end of the bo“lt is
akove the-top jaw), z2llowing the bolt head to drop through the




above the top jaw), allowing the bolt head -to drop through the 27.

Iarge opening 270 in the | ower jaw 256, and thereby allowing the jaws to
open 8¢ rel ease the pi pe end. The wedger menber and the clanp can be pulled
fromthe lateral or main using their respective pull- cabl es.
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using a
legs can be pivoted inward 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
pivot-ed"tc the junctures of forward and rearward leg sections 158a,
158b at spring-loaded 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
collapéed 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 hack 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 through 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 the main, arms 164 spring outward from
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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
pul | ey pushed into the main, and also with the forward | egs 158a enteri Qg
the main, arnms 164 spring outward fr@®3. their positions shown in FIG 15
to their. open positions showmn in FIG 14. In the open position of the |egs,
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cabl eth@sEre@nfEam ELARPiNG4UBCOThEPWRKe cabl e can be pul | ed through the
frog. This can Retagceri®/riew¥dlded 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 1/
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



in several ways as shown, for exanple, in FIGS. 34 and 35. FIG 34
illustrates what is referred to as a break-away cable release. In this
mét hot? a "slack” end 168a of t he pul | ble 168 is attached to a
relatively | owstrength breakable strifig or cable 172 which is in turn
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through the existing lateral 90 to the frog and back to the
enﬁrance opening. The slack portion 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
nevw pipe to be pulled into the lateral. When the new pipe is
properly inserted in the existing lateral, slack end 168a of the
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. ' ' '
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' With the folded new pipe in place within the existing |

lateral, it is ready to be expanded 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 steam or other fluid to pass
through it. This enables the entire internal length of the folded
pipe to be heated to a pliablie condition for expansion. Of course,
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conical portion of torpedo plug 176 is driven into 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 u
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



pi pe-engagi ng surface 193. . The plate's convexly curved outer surface
mounts a clevice 194 between which a nut nenber 195 is pivoted. Nut
menbés 195 receives a threaded rod 1962% ving a wenching end 197. A

cl apping chain 198 is connected to the Eposite end of the rod. The chain
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dimension, usually agains; the inner wall of the existing lateral,

the plastic pipe is allowed to cool while maintaining internal
pressure 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 i:orpedo plug is removed.

k', e c e New
_ 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
pipe 10 in the existing pipe. The severing means comprises a power
operated cutting tool 200. The cutting tool includés.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



Renmovi ng The O anped End O The New Pi pe The next step is to renove the end
cfanmp and still folded and cl anped | eadi ng end portion of the-new pipe from
the remaining rounded portion of sucRzpipe. This is acconplished by cuttin
the cl anped and fol ded | eading end fTomthe expanded and rounded new pi pe
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t he 2pended plastic pipe. A flexible air supply hose 218 supplies air under
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r ot K8 %r eeve 21 deflated. ‘The cutter is pushed into the ex:.stlng
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
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 bu:.ld:l.ng 96 (FIG. 7)
it is ready for service. S _ _ _
ative Method ' t o s
i ew_ Pj isti te

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



activate flail blades 212, 213 until the blades cut off the clanped and
fol ded end of .the plastic pipe. The severed end falls into the main and can

be rétrieved | ater by conventional net! . After the |eading end of the
pipe is cut off, sleeve 216 is deflate the cutting unit is recovered
fromthe, rounde si np by pulling on the air hose 218 and
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winching cable 220 using winch 218 at manhole 216. The pulling

continues until the leading 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 expansion and rounding within the existing
lateral 90a using either the previously described method of
rounding or another method to be described.
o’/ e Plu Pi

Another method and apparatus for expanding the newly
installed plastic pipe within an existing service lateral is shown
in FIGS. 25-29. This method is known as the inflatable plug
method. The inflatable plug 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



92a. Then pull cable 220 is released fromthe | eading end of the new pipe
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and 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 \v)
existing service lateral is heated and rounded in the shop using,
for example, 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 portion 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.-
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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 :Ls the use of the inflatable plug as a sliding plug during the
pipe round:.ng process. According to this variation, referring to
FIG. 30, inflatable plug 222 and its air hose is installed in
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
co’mpactly' 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,
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the ngwhy installed pipe, will be conpletely rounded. The inflated plug 222
is now deflated and pulled fromthe newy installed pipe. FIG 32
illustrates anobﬁé@rﬁiﬂgoﬂooth@§ingthﬁ@'iﬁh@aﬂ@%lﬁiE#L£;:EHFQE#?ﬂLkﬂt¢ound
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inseréﬁﬁcFﬂ%ﬁg anertlon techniques and wf%hout(¥he leaéing e&gacfimp
or inflatable plug to seal or restrict its leading or downstreanm
end. However, at least about 10 feet of extra length of the foldéd
plastic pipe is left expoéed 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
clamp and torpedo plug is rounded by injecting steam from line 236 -
through the torpedo plug into the upper ten feet of the folded A
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 defiaﬁed. The_hew pipe is steam heated internally
again throughbuf its length to again render it pliable. When the
new pipe is hot, inflatable plug 222 is partially inflated. The
internal préssureiwithin the new pipe, which may be steam or air
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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 roundihg 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

\_  e¥isting 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
described 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.
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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
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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ermoplast:.c pipe when in their pliable states.

Third, despite the foregeing attributes when heated and
pliable, the folded pipe forms of FIGS. 3 and 8 can be reformed
readily to6 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.
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installed therppgidsatcanbpendf télpératuessi andi ist plliibler eptasgnent pipe,
not nmerely a liner for a damaged exi sting pipe. 1. A replacenent pipe
product in redabedefarprédetenmiénedoelenatedetempengtapeduit, characterized
by: a length of pipe of substantially rigid thernoplastic resin nmateri al
such that the pipe is r$gid prirenbheneducegefarwr baving asfphtékhedat or
above a predeterm ned el evated tenperature, said pipe in reduced form

havi ng a f|attenédlgnaxtbﬂgngbhvnapﬂ9edosheaeshapgudﬁoguaﬁngtfandt and
second | egs interconnected at a rounded bul bous |ongitudinal fold portionyy
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pi pe, one saidP?ﬁglggahﬁaFogﬁia PRERPRe ot her '

the first and second legs of the folded pipe

términating at round bulbous.free ends defining fluid
passages through the interior length of the folded
pipe,
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 U

thickness of the folded pipe.

2. The replacement pipe product of claim 1,
wherein the pipe has a memory for such folded shape
such that when heated to said elevated temperature it.

retains the folded shape.



such that the bulboué end of the shorter |eg nests béhind and in overlying
rel ationship to the bul bous end of the Iq&g@r | eg to migwaEd |1
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wherein the pipe has a nmenory for such fol ded shape such tchat wmens heat ed
to said elevated tenperature it retains the fol ded shape. 41 3. The
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3, wherein the pppecthim PECErelnabhé dg t ¥ rature of
about [err] or above. 5. The repl acenen plpgggégdtc °g¥ gﬁgfn13, wherein

the pipe has a rehlérnde OUOV¥E Hemgt&REAEl i N the rounded shape to wal
t hickness of from13:1 to 65:1. 6. The repl acenent pipe product of claim 3,
wherein the pipe was extruded at about [err] [err].
4. The replacement pipe product of claim 3,
wherein the pipe will become pliable when heated to a

temperature of about 200°F (93.3°C) or above.

. 5. The replacement pipe product of claim 3,
wherein the pipe has a ratio of outside diameter in
the rounded shape to wall thickness of from 13:1 to

65:1.

6. The replacement pipe product of claim 3,
wherein the pipe was extruded at about 360°F

(182.2°C).




