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lining systems have been developed according to the prior art in an attempt to seal a leaking

pipe or a pipe that has fallen into disrepair, whether to repair a present crack or to.

preventatively ensure against future cracks or breaks. In addition, a method whereby a much
smaller diameter pipe within the larger diameter cracked or broken pipe has been used.
However, this merely replaces the problem of a cracked outer pipe with a cracked or

otherwise leaking inner pipe. Still further, using such a pipe-in-pipe system drastically
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joint having the strength of the original conduit and which does not increase the diameter of
the joint area beyond the original conduit diameter. The use of multiple and connectable
~ conduit pieces is useful in many different applications beyond the above-discussed expansion
application. For example, the use of multiple and fused conduits is particularly useful in the
case of sliplining, wherein a slightly smaller diameter- fused conduit is inserted into a larger

pipe that is in need of rehabilitation, but that does not require a full capacity for flow. In this
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conduit, the liner conduit nust be manufactured in
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restricted the use of PVC pipe in sliplining rehabilitation applications. Therefore, there is a
need in the art to provide an essentially single piéce of PVC liner conduit starting stock with
no mechanical joints, which does not increase the diemeter of the starting stock as a
mechanical coupling would. Such a coupling or fused joint must have similar strength
characteristics as the original conduit and preclude inﬁltration in joints, by eliminating such




[ 0010] Fusion processes for pipe or conduit have been
devel oped that utilize nechanical joints, enbedded
wires at or near the fusion joint or resistive heating
elenents for joining conduit sections together. For
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first conduit portion with the first terminal edge of the second condnit portion; (d) melting at
least a portion of the first terminal edge of the first conduit portion and the first texmina;l edge
of the second conduit portion; (e) engaging the melted terminal edge of the first conduit
| portion with the melted terminal edge of the second conduit portion; and (f) maintaining
_ pressure between the engaged terminal edge of the first conduit portion and the terminal edge

. of the second conduit portion, thereby creating a fused joint area. This method is employed
where one or both of the first conduit portion and the second conduit portion are

manufactured from a polyvinyl chloride (PVC) material. The present invention also discloses




strength of the original conduit and does not increase

the dianmeter of the joint area beyond the original

conduit diameter. It is a further object of the
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diameter, surface area, gauge préssure and/or dimension ratio.
| DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019] For purposes of the description bereinafter, the terms *“upper”, “lower”, “right”,
“left”, “vertical”, “horizontal”, “top”, “bottom”, “lateral”, “longitudinal” and derivatives

thereof shall relate to the invention as it is oriented in the drawing figures. However, it is fo

be understood that the invention may assume various alternative variations and step
sequences, except where expressly specified to the contrary. It is also to be understood that
- the specific devices and processes illustrated in the attached drawings, and described in the




the novel operating paraneters of a fusion apparatus
for use in connecting a first conduit portion to a
second conduit portion. 10013] The present invention
is also directed to a fusion apparatus for fusing a
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DESCRI PTI ON THE DRAW NGS [0015] Fig. I.is a
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. and not all PVC pipe will expand to the size of the pipe material of the liner conduit.

[0023] Since the conduit expansion process occurs at Temote locations, the liner conduit 16
* must be transported i in sections for later installation. Therefore, while the present invention
specifically discusses the connection and fusion of ﬂ‘xe first conduit portion 10 to the second
conduit portion 12, the method and fusion apparatus 14 are equally useful in connecting any
number and length of liner conduit 16 portions. Therefore, in a further preferred and non-
limiting embodiment, the fusion apparatus 14 is mobile and can be used onsite to employ the
presently itivented method.

[0024] In particular, the present method includes the steps of: removably positioning a
terminal edge 18 of the first conduit portion 10 in an opposing relationship with a terminal
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AST ards for PVC pipe are available for ran
the tefjpin ? | ggg thy ngig gwlct)lon 10 and the terminal edge 20 of e second

conduit portion 12. For example, the facing mechanism 32 may be laterally movable into and.

~ out of position between the terminal edges (18, 20), as designated by arrows B in Fig. 2. The
. facing mechanism 32 continues to grind or face the terminal edges (18, 20) until 2 minimal

distance exists between the first clamping mechanism 26 and the second clamping
mechani§m 28. In a preferred and non-limiting embodixﬁent, the facing mechanism 32
includes one or more blade portions 33. These blade portions 33 perform the actual cutting
or facing operation with respect to the terminal edges (18, 20) of the conduit portions (10,




t hat have various properties within the allowabl e
bands of additives. However, not all the possible
conbi nations of additives will work in the conduit
expansi on process That is to say that not all PVC
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[0029] Next the terminal edge 18 of the first conduit portion 10 and the terminal edge 20

of the second conduit portion 12 are heated or melted to the required temperature, interface
pressure and time duration. In doing so, the heat will penetrate into the first conduit portion
10 and secorld conduit portion 12 and a molten “bead” of material will form at the terminal
edges (18, 20). This heating process is effected by a heater mechanism 34, which heats and
melts both terminal edges (18, 20) simultaneously. This simultaneous heating can be
accomplished by the use of a first heating plate 36 and a second heating plate 38, a single




or held in place and positioned by a first clanping
mechani sm 26, while the second conduit portion 12 is
cl anped and positioned by a second cl anpi ng nmechani sm
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noted that both the first clanpin ani sm
actual fyefaccticmperature of the terminal edges (18, 20). In this regard, a pyrometer or other

surface temperature-measuring device may be integrated with the control mechanism 40 and
used periodically to ensure proper temperature of the first heating plate 36 and/or the second
heating plate 38. It is further envisioned that any of the control mechanism 40, the
thermometers or other surface témp erature measuring devices are digital devices, that provide
a more accurate measure and control of the heat applied by the heater mechanism 34. Such
digital control is especially beneficial when the fusion apparatus 14 is used in connection
with PVC conduit, as the physical chemistry of PVC, including its melting temperature and




cl anpi ng mechani sm 28 need not be novable, only one of
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bead A ¥hsy S5 fedfd@QUS heating can be acconplished by the
use of a first heating plate 36 and a second heatin%
[0034}| Jf tedigsionpragesgisamsuccessful or otherwise faulty, the fused joint area 22 may

* be simply cut and removed, and the process repeated. However, the reasons the fused joint

area 22 was faulty should be logged, for example, in the control mechanism 40. Fusion
process diagnostics and data may also be processed, analyzed and presented by the control

mechanism 40.
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-8 | dual -faced heating plate or other neans of
si mul taneous heating of both term nal edges (18, 20).
As with the facing nechanism the heater nechani sm 34
shoul d be capable of aning into position between the
term nal unti| such tinme as the

(0035, atW&thremeegfeélge fugion E’@ﬁ?ﬁﬁ apeatingipargrcies, B@ﬂmm&l #zémlﬂa used in
calmhaﬁig%sﬂmbﬁafué i 340 8 bR R IBROURE coddiftnghi@re, the

: heater mechani sm 34 shoul d also be novabl e, such as

lateral |y novabl e bet ween @B} ni nal edges (18,

20), as deS|gnateq¥£%{arroms Gin Eigy 2. Ina further

preferred and non 17RI“1ﬂﬂnnhTmﬂ%g t he heater

mechani sm 34 provides for zone H@ating with respect to

the surface of the heater nmechanism 34, the first

heating plate 36 and/or the second heating plate 38.

. Furthe,dios imugh Yor culanihingscopduit orois soffadelecalipS) imgusweifchesis:

: for exanple, the upper and t ver  surface, may
have different tenperaftf ﬂi%ﬁﬁﬁntwm,aHmmfor
a nore uniformnelting of thegterm nal edges (18,
20), due to the natural physics of the heating
process, wherein heat rises and provides a

The ﬂir&ﬁﬁrﬁﬁédléﬂlatﬁﬁ Blaly rbﬁﬁx%r(tﬁf YheE IHRSInddiCor @hﬂﬂé}aﬁrea is 1.00
edges (18, 20 erefor he zone heating would

squagsripsliigie f or a unlforn1proflle across the termnal
edges (18, 20). It is also envisioned that the heater

~ mechani sm i ncludes multiple zones that are controlled

or controllable by a cEptrflaxfechani sm 40. This
control mechanism 40 would provide for the individua

control of each zone to maxim ze the efficiency and
Finalgy ¢herfanyula for cahelaﬁ@meaiﬁmahgmplgssu%d(ﬂp)t When pipe slifzan trea,

i f S term. nal edges (18,
mterégl pn%‘[g;ure%ng]e)@ma?r aF%ar?g\%O}% f’ “Hedt er - mechani sm 34
after the heatlng process, together with the speed of
cl anpi ng the term nal ﬁgg? 8 20) together is also
inportant. The tine referably short,
e.g., 3 to 4 seconds. [0030] |¢aIS al so envi si oned
that the control nechanism 40, typically.
integrated-with one or nore neasurenent devices, is

As uHpEewmeshvey the fusion apparatus 14 to control the
components. For exanple, the first heating plate 36

and/ or t hgGseeoONKahBR daige ReduR p3B My be equi pped
with thernoneters to neasure plate tenperatures with

an acconpapyi ng £oner@kcle fophuiget ti ng and hol ding these
tenperatures. However, it may be that these

t her nonmetgHs @nOu@ﬁbeéﬁgetéﬁﬁﬂmﬁé xq&g@r al indicators

due to the inaccuracies between a thernoneter and the
ID* = Inside Diameter in inches x itself
Ip = Interfacial pressure (~140 psi) PVC
Ca = Cylinder area of machine in sq. inches
pSa = Pipe surface area in sq. inches

Gp = Gauge pressure when cylinder area = 1.00
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actual surface tenperature of the term nal edges (18,
20). In this regard, a pyroneter or other surface
t enperature-neasuring device may be integrated with
the control mechanism 40 and used periodically to
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resul 0 e essur e to .t he
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the preceding detailed description. It is intended that the invention be construed as including

" all such modifications and alterations.
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i nternal bead 42 extends inward fromthe fused conduit

internal wall 46. The external bead 24 should be

renmoved prior to using the liner conduit 16 in the

conduit expansi on process and system Specifically,

the external bead 24 should be renoved to allow for

full expansion of the liner conduit -16 within the

host conduit when subsequently used in an expansi on

rocess. The external bead 24 is typically

THEI&U@NﬁﬂﬂﬂQ#¢¥ME@ﬁ%Ned or machined to within 1/8 to

1/16 of an inch of the fused conduit external wall ]

44. Tylpi célhgthod fr fhsing e diast condudt MRtieretede srepndeonduit portion, at

renoved and does not provide unnecessary adverse
least ooomdithd Grss comduliti portitreand ther secamidenniluit Gortiolovenpeisingi f polyvinyl

such a bead 42 woul d be deened adverse to the flow of
chlorideaiiRériah the inbthod bbrapiahg: bead 42 may al so be renpved.

- [0034] If the fusion process is unsuccessful or

ot her WiysRideadiblitality BEhdadS6kks| 10iapleadl! £orddn BBYt 1eh® one of a first

sinply cut and renoved, and the process repeated.

termin Y 6f the iRE cBﬁﬁﬁ%ﬁi&%dfa%ﬁqeﬂnﬁhﬂ%dg@&ﬁﬁe € oMPSonduit portion,
faulty shoul d be l'ogged, for exanple, 1 n the contro

the oY BEAGITA M ot o BORR el R3S B0 BoiBh B Wikast ome
ontrol. chanj s 0. [0035]. Wth.,r ect tag the .
of the fid My SHe e BparaePRUTRT iR ely e TRES <8 of the second
fornula used in calculating fusion apparatus 14 gauge
conduibPIEERr ¢ using PVC |iner conduit 16 is: n(OD2-|D2)
M3 =4 x In_ Ca Further, the fornula for calculathg
* conduileating andgeeling ateast apestioppSay least oge ahthe firsidpaunal edge of
is: pSa = _(0D2-1D2) 4 The formula for cal culating
the firsg qonglitposeound theGpyt tamanaltedge efvhel sicondeondyit pordien; andea
is 1.00 square inch is: GopSaxlp Finally, the
f or nulfasif@thedfabicendiit portioncind nike grogkcprles porten(WGmgaging the
when pi pe surface area, interfacial pressure and
first tefiinhINlige ot iR Fir&fcon@aNpdifoiveth HROMRL tetrBiinal\dge pBE% sedond conduit

portion, thereby creating a fused joint area.

2.  The method of claim 1, further comprising selecting engagement interfacial
pressure, engagement gauge pressure, engagement time, heating interfacial pressure, heating
gauge pressure, heating temperature, heating time or any combination thereof, such that the
fused joint area exhibits substantially the same strength as at least one of the first conduit

portion and the second conduit portion.
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Ca As used hereinabove: M3 = Machi ne gauge pressure
psi it = 3.1416 Crcle fornmula OD2 Qutside Di aneter
ininches x itself ID2 = Inside Dianeter in inches x
itself Ip = Interfacial pressure (--140 psi) PVC Ca
= Cylinder area of machine in sqg. inches pSa .= Pipe
surface area in sq. inches (@ = Gauge pressure when
cylinder area =1.00 11 [0036] Through extensive
testing and docunmentatjon, the charts in Figs,
have Been!h¢meiodook gainy dRThpr SomRBNg m%ta\%& g of the
parameters for' use in _the above formulae when the .
engagadfempinalcidges ofr e dimyteconduinpertion #ud thssjecondrecongaig gortion for a time
charts, nom nal pipe dianeter, outside pipe dianeter
and at a resipgetpe peffidicatte tpeovidsufubetjoing rrsa of gdenyed pragtiur e and
dinmension ratio are all set forth. The cylinder area
is based on 1.00. Further, in order to calculate the
‘machi ne gauge pressure and psi using the charts in
Fi gs. 44- 9Thé hRthol 9 @1hi@AY @6mPH &85 HéLing At 1eas ong @ Whedplb@lity of
di vided by the cylinder area in square inches of the
heat zdMBE R ANBFEBntRSte WM 1dalt dﬂ% dfifer Bﬂh@ﬁﬁlﬁﬁﬁﬂr §ﬂ‘heap£&1ra§ r
gauge pressure using all types and sizes of nachines,
the noted gauge pressure in the charts and the
figures shoul d be di vided by the effective cylinder

ar ea %f t lilg : ron pog cll m g tcognﬁgglgg |711;ttmg be Iegé’t%%e of tlrlTU%IPrality of

resultlng resistance

to the cal cul ated u pr.ess .
heat 2B Wef}el&erswﬁlapr‘g%ea@ﬁw ISR oL T Zurall‘oaﬂﬁ &?ﬂ*?gﬁlﬁﬁ;
heat, cold, snow, etc., nust be allowed for and
nunbers adj usted appropriately. \Wather shelters my

be required for inclenment conditions. Further, it is
not ed & hathe mathioft of ploiny & topinsising aptoniageallympatrplliag ghlcast one of
nmust be handl ed carefully, especially in axial lifting

the pluoalitpeftdiatpneSpr eader  bars or "Y' slings should be
used to handl e the pipe safely. In addition, heating a
long length of fused liner conduit 16 using a hot air
bl ower or steam generator may result in the pipe

becommg MTRE endihRXbPLRIBND w8k frivr Randé GehtihC @hdl melting, the
weat her .
method further comprising:
facing at least one of the first terminal edge of the first conduit and the first
terminal edge of the second conduit; and

aligning the first terminal edge of the first conduit portion with the first terminal

edge of the second conduit portion.
8.  The method of claim 1, further comprising removing at least a portion of at

least onc of a resultant external bead and a resultant internal bead extending around the fused

joint area.
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[0038] In this manner, the present invention provides

a nethod and apparatus for use in a fusion process

that is particularly adaptable in fusing polyvinyl

chl oride conduit. The present method and apparatus

allows for the connection of nmultiple conduit portions

or lengths with a joint that equals the strength of

the original conduit and does not increase the

di anmeter of the joint area beyond the origina

conduit dianeter. Still further, the present invention

presently invented nmethod and apparatus provide a

si ngl &. pi Ewemethod pHrdsinchether caBpriting't i ng stock with

no mechani cal joints. [0039] This invention has been

descr hbathgwhd meltafgert trasta pontidrhel 30 d@bsrmeed asadoad iterenmiad edge of

Qovi ous nodi fications and alterations will occur to
the firsOEdHANS poition afi® A Gk GrAanE] etpd i 8 bakdiuRgt cdndit potioftindg

detail ed description. It is intended that the. '

| nventjonidethe AReddauRnAsl bdpe! S10ihB Firs@bdnddHGlbrtion with the first
nodi fi cations and alterations. -12- - THE | ENTI ON

i Milthd stbscuedt FRAROSHAG, tlekshyieaBing b sHse SRR

tmnnm%%?%lon %%H%%%%céﬁg cgﬁgﬁgg gbrgioﬁ}n t ﬁg@%? one
the first conduit portion and the second conduit

portion conprising a polyvinyl chloride material, the

met hod, coppri si,ng: lying .,a plurality of heat.zone

1o ot Ipeathe e ob Rt iy the neidhesnd Fidlnt Hfides e
. term nal edge of the first caonduit portion and a firs
simultangous; hegtings a‘gaotafth% hiest derapnal edghalifhe %@P fongit poptipn and the first

_plurality of heat zones configured to provide a heat

terming) edgd 9fdhe gpcond ¢anduit pertigbrt i on of at | east one of the

first termnal edge of the first conduit portion and

the first term nal edge of the second conduit

portion; heating and nelting at |east a portion of at

| east 10neTld nicttwdfdoff ddind & wherain e gaugdf presduee forrthe engaging is

conduit portion and the first term nal edge of the

calculaf@GRNGing AMI1bwRRbindila: and fusing the first conduit
portion and the second conduit portion by engaging the

first termnal edge of t “§5L§bzfonduit portion with
the firsp %aninal edge ond congui t Ip
portion, ? er i el : —27The
nmet hod of claim 1, further conprising S€lecting

.engagenent . i nterfacial ) . 5. . . .
wherein p 1s machine gauge pressure, 7 is 3.1416 circle formula, OD” is outside diameter in

joint area.
of

~ inches squared, ID? is inside diameter in inches squared, Ip is interfacial pressure and Ca is the

cylinder area of machine in square inches.
12. A method for fusing a first conduit portion to a second conduit portion, at

least one of the first conduit portion and the second conduit portion comprising a polyvinyl

chloride material, the method comprising:
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E. pressure, engagenent gauge pressure, engagenent
time, heating interfacial pressure, heating gauge
pressure, heating tenperature, heating time or any
conbi nation thereof, such that the fused joint area
exhibits substantially the sane strength as at | east
one of the first conduit portion and the second
conduit portion. t3 3. The nethod of claim1, further
conpri si ng mai ntaini ng pressure of the aged .
ter m MErIEREEIneting ﬁéeesf 7 2PTteB Rf at leap ope P%t% %ﬁﬁ terpgnal edge of
second conduit portion for a tine and at a

the first epsitaotion and tifs rbidenming eggoef thesegondeunduit pptionar ea
of a desired strength. 4. The nethod of claim1,
conpr ifssimg) thecast eogduit pbrtias tand i stoncheondhin maﬁim;byoﬁngaging the
heat zones at a different rate than at | east one other

first tephinhinglgp biithal firktycopduihywatior @itk she first iEhrinaleidae df dk sedort rRonduit
1, conprising setting at |east one of the plurality of

pomoﬂma&ebgrmﬁn%eﬁaseaijd‘lﬁt%@nﬁnd enperature than at |east
one other of the plurality of heat zones. 6. The

et hode@f iyl aldghdomenP MRtdricnY %Hatsﬁff@t | 3hde¥nent gauge pressure,
controlling at 1 east one of e plurallty of heéat

engag F %nne he;- h—%e{ﬂ?é:ﬂgﬂl ?ﬁes&ir@' ﬁ%%lglgg \gg féss‘ﬁfé q{eaﬁr%qlielﬁﬁ)erature

eati ng an npri si
of. th

ast. o
heating ‘F‘St"i awn%ogﬂlettm%wa@f%f;f 1906 13, G féﬁdf’mﬂafaﬂe e%?g’%%%‘zmﬁlaﬂy the
second condui t al i gni.ng the st te al edge
same SEEATh 8> 71756 One A ey RRIBRER Fi e SoePpb FoRBH RO
edge of the second conduit portion. 8 The nethod of
claim1, further conprising renoving at |east a
portion of at |east one of a resultant external bead
and a 1Besiihe arethadneferlpisl 1Dhefutherxeaonpising meintaming recssure of the
fused joint area. 14 9. The method of claim 1,
engagellutetthimnl edgger ofs thegfirsh eanduiig amh dhenmsdcond goadnit dass time and at a
portion of at |east one of a second term nal edge of
temperhiige fufficiéntGo pewide aFascldijoint asloda ddsired stteppmil nal edge of

a subsequent conduit portion; and
14. The method of claim 12, wherein the heating and melting includes contact
of at least a portion of at least one of the first terminal edge of the first conduit portion and the

first terminal edge of the second conduit portion with a heat plate.

15. The method of claim 12, wherein the heating and melting includes applying
a plurality of heat zones to at least a portion of at least one of the first terminal edge of the first
conduit and the first terminal edge of the second conduit portion, the plurality of heat zones
configured to provide a heat profile to at least a portion of the at least one of the first terminal

~edge of the first conduit and the first terminal edge of the second conduit portion.
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engagi ng the second term nal edge of the first conduit
portion with the first termnal edge of the
subsequent conduit portion, thereby creating a
subsequent fused joint area. 10. The nmethod of claim
1, wherein the heating and nelting includes the
si mul t aneous heating of both the first term nal edge
of the first conduit portion and the first termna
edge of the second conduit portion. 11. The method of
claim11, wherein the gauge pressure for the engaging
is calculated utilizing the foll ow ng fornul a:
i t (ODA6I DThe migthod-of 4lajm [1p, co@zprishngrhepimabicassoneedlihqplurality of
gauge pressure, a is 3.1416 circle fornula, OD2 is

heat zomig$ st adbiffelicameteahan at leastromb ethes qfihe ehiralitipdf heat zovss.de
di anmeter in inches squared, Ip is interfacial pressure
and Ca is the cylinder area of machine in square
inches. 12. A nethod for fusing a first conduit

porti gn. t ghnRean ceeidyl torRingodttindlat 14a8BSe ke Plurality of
the first conduit portion and the second conduit

heat zd3@¢ {ol LRASLAPEIPEARrS&hBR hi¥isPhe othlH il furdBiy @i nddt zohdde

easttf?lod conpris?ng:r-15 heafiné”%nd nefﬂ?%g at Ieag? a
portion of at |east one of the first term nal edge of
the first conduit portion and the first term nal edge

of the_secpond conduit .partion;.fusi the, first..
condui 1 paRE FSFOR ClA7B 3o COMEFE TR FaRY PERFape ot least one
engaging the first term nal edge of the first conduit
of the ?Jﬁ&ﬁf%%%?ﬁ@%e first termnal edge of the second
conduit portion, thereby creating a fused joint area;
and sel ecting engagenent interfacial pressure,
engagenent gauge pressure, engagenent tinme, heating
i nt er fi&i dhe matgsluobclainedli miegaugaoptetisurestingend initing, the
tenperature, heating tinme or any conbination thereof,
method ficthet dvaipriske fused j oint area exhibits substantially
the sanme strength as at | east one of the first
conduifhcif@bt least @Rl e HaCeRMingloRTEe If tAOirdt @dnduiBand the first
The nethod of claim 12, further conprising naintaining

wnnmg&ﬁ'§&ﬁﬁeg&05@gxmgﬁg%ged term nal edges of the first
conduit and the second conduit for a tine and at a
aligning the first terminal edge of the first conduit portion with the first terminal

edge of the second conduit portion.
20. The method of claim 12, further comprising removing at least a portion of

at least one of a resultant external bead and a resultant internal bead extending around the fused

joint area.
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tenperature sufficient to provide a fused joint area
of a desired strength. 14. The nethod of claim 12,
wherein the heating and nelting includes contact of
at | east a portion of at |east one of the first
term nal edge of the first conduit portion and the
first termnal edge of the second conduit portion with
a heat plate. 15. The nmethod of claim 12, wherein the
heati ng and nelting includes applying a plurality of
heat zﬁneérh? weged Pg%‘lm 2. Suither 6pMBHSI3E | east one of
the first termnal edge of the first conduit and the
first heatingjand imeliingeat dfast hporgew ot leashensi af aepanddermipg) gdge of
plurality of heat zones configured to provide a heat
the firgp cofduit@ottonand b diag terpimd edgeaf aghbsetpesnatoridai portionpangf
the first termnal edge of the first conduit and the
first ehgigiighdle Ro@el aiminab edgc ohchectintvoidupopdriian withlthe first
i 16. The nmethod of claim 15, conprising heating at
terminﬁl_%ﬂgé oPHI€ ssedulft dOniiliiBpdriiyn, FheretiadbatihgAQBbRLuent fused joint area.
different rate than at | east one other of the
plurality of heat zones. 17. The nethod of claim15,
conprising setting at | east one of the plurality of

heat ne%% %%e%o‘ﬁi {»F Skt 2! g@ﬁ@%ﬁ?‘é&ér ﬁeaﬁﬁ@@ticgtméll_ﬁlggﬂHdUdeS the

one other 0 e plurality eat zones:

. nmet ho f clai 5,-.conpr.i s aut tical .
simultfFEh et oo 5 B B2 crigRRn g A, 3¢ TR Sl popin and the first
. zones. _ 19. The nethod of claim 12, wherein prior to
te“mni‘lr?gg% f BRFORMEPIBILPPHED t he net hod furt her
' conprises: facing at |least one of the first term na
edge of the first conduit and the first term nal edge
of the second conduit; and aligning the first termnal
edge @B.t Rbe fiethod dforddui 12, pohear¢innheaugetisessyrierfer the engaging is
term nal edge of the second conduit portion. 20. The
calculanet hiddingfthefodlowingXorrhwlat her conpri si ng renovi ng at
| east a portion of at |east one of a resultant
external bead and a resul faph2-impeer nal bead extendi ng

around the,fused joint area. g1 7 21. Theg net hed of
claim 12, Fur t frer Conprising: Ca

wherein MGp is machine gauge pressure, 7 is 3.1416 circle formula, OD?is outside diameter in
inches squared, ID? is inside diameter in inches squared, Ip is interfacial pressure and Ca is the

cylinder areca of machine in square inches.

24, The method of claim 12, wherein the engagement interfacial pressure is

between 50 psi and 250 psi.

25. The method of claim 12, wherein the time period between the heating and

* melting and the engaging is in the range of 3 to 4 seconds.
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heating and nelting at |east a portion of at |east one
of a second term nal edge of the first conduit
portion and a first term nal edge of a subsequent
conduit portion; and engagi ng the second term nal edge
~of the first conduit portion with the first termna
edge of the subsequent conduit portion, thereby
creating a subsequent fused joint area. 22. The
met hod of claim 12, wherein the heating and nelting
i ncl udes the simultaneous heating of both the first
termnal edge of the first conduit portion _and the
first 26t epriitsdioiatyes Bpde naceudass web st 2por t i on.
23. The nethod of claim 12, wherein the gauge pressure
for the engaging is <calculated utilizing the
followng formula: 71 (0DZ-1DZ) M®» =4 x Ip Ca F
wher ei2fi. MSfused comdiiii madegaugwr¢meswithelaidd2i s 3. 1416
circle formula, OD2 is outside dianeter in inches
squared, I1D2 is inside dianmeter in inches squared, Ip
is interfacial pressure and Ca is the cylinder area

of magRi NG HoRz&AMaLRlidHaN@SIing thethbB coMpridng: of claim
12, wherein the engagenent interfacial pressure is

bet weepQ Asilot BOE i@ gRng; 25. The nethod of claim

12, wherei'nthe tine period between the heating and

mel ti t he ' .S .l:n .t n of 3to 4
secong%wﬂﬁggmg@Pﬁ%ggggggmkgphﬁwggggﬁﬁﬁ e i n accordance
with claimi12. . 27 A fused. condyit made.i.n r.dan.
ot apsiied5e fusdiconghin RAC A irer R 4t BT RS bote
nmet hod, conprising: drilling a pilot hole in the
ground; reamng the pilot hole to an appropriate
di ameter; and inserting the fused conduit made in i
accor ddncd WiPe HPressuiiFation metherl, taempsisingt PrResuEzIng 29 fusgd conduit
pi pe pressurization nethod, conprising pressurizing a

made ifi as@ddapondithclaim@de i n accordance with clai m 27.

30. The method of claim 29, wherein prior to the pressurization, the mecthod
further comprises expanding the fused conduit within a host pipe, thereby creating an expanded,

liner conduit.

31. A pipe bursting method, comprising:
breaking apart an existing, buried pipe, thereby creating an at least partially open

conduit hole; and

inserting the fused conduit made in accordance with claim 27 into the conduit

hole.
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30. The nethod of claim 29, wherein prior to the
pressurization, the nmethod further conprises
expandi ng the fused conduit within a host pipe,
thereby creating an expanded, Iliner conduit. 31. A
pi pe bursting nethod, conprising: breaking apart an
exi sting, buried pipe, thereby creating an at | east
partially open conduit hole; and inserting the fused
condu%% de hn accqr da ce.mﬁhh.cla%gw%? i nt.o the
conduP’t aerggouRs PR HGRF I BURT B SerprEns:
install ation nethod, conprising; creating an at | east
part i &TPYnHPLH l%hwl%ﬂynwé?oréﬁa holssand i ng the fused
conduit made in accordance with claim27 into the .
conduimserting| the figgd candwiiteds iaf ackordhnrg with elgim gi7 gato the conduit
conprising inserting the fused conduit nade in
hole. accordance with claim27 into the host pipe. 34. A
: met hod for fusing a first conduit portion to a second
conduit portion, at |east one of the first conduit
portion and the second conduit portion conprising a
pol yvisByl A mbihed iof€inid &MHotd pipk,Neoriishpding@ing itlsd ABed conduit
heating and nelting at |least a portion of at |east one
made iRhcdoRintd With clafih 7 BRb tRIVS fape. The first conduit
portion and the first termnal edge of the second
conduit portion; fusing the first conduit portion and
t he second conduit portion by engaging the first

termnal edge,of .the.first conduit portion with th .
(1ot e MAGROLatATee b T BRI ABRlR € obhd Parilf porton, a
t hereby_creatjng a.fused joint areg;. and, selectin .
Least o, g, et C?ndu@m%?naﬁncﬂﬂ%ssgﬁﬂné‘, CoBlt POFHSR COFGRE o polyvinyl
_ _pressure, engagenent tinme, heating interfacial
chloridg magasigh dhe method pemprisinge pressure, heating tenperature,
heating time or any conbination thereof, such that the
f used heassinguant miedtingagdéerisea pértian 1o gt Igardiong of {he dissferaninal edge of
equal to the pressure capability of at |east one of
the first bomdhit psttion and tictfirgtaetming cdgoftthesecest amduit podion
portion.
fusing the first conduit portion and the second conduit portion by engaging the

first terminal edge of the first conduit portion with the first terminal edge of the second conduit
portion, thereby creating a fused joint area; and

selecting engagement interfacial pressure, engagement gauge pressure,

engagement time, heating interfacial pressure, héating gauge pressure, heating temperature,

heating time or any combination thereof, such that the fused conduit is capable of withstanding

- pressure equal to the pressure capability of at least one of the first conduit portion and the

second conduit portion.
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~20_ 35. An on-site nethod of fusing a first conduit
portion and a second conduit portion, at |east one of
the first conduit portion and the second conduit
portion conmprising a polyvinyl chloride material, the
nmet hod -conprising: nobilizing at | east one fusion
apparatus to an on-site |ocation, the fusion
apparatus configured to: (i) heat and nelt at |east a
portiqQn of at _least one.of a first term nal edge of  a .
PPr st 3on op-sip iGN olrfisine @ st SondbFHRREOR LY speond Conduit
_ second conduit portion, at |east one of the first .
portiong gh #gstt ons ot the firsh semdiiieparien A Eengeend ¢padyit gartion comprising a
conprising a polyvinyl chloride material; (ii) fuse
polyvinyh gﬁvorids mateoial thet mptbed Fomprésins: mmbilizingoaideastenediypipn apparatus to
portion by engaging the first term nal edge of the
an on-fiterls¢ationnitiel iftsigmoapphatus wot figurébtof (i) Seat ané mviltred [leasttaporibn of at
the second conduit portion, thereby creating a fused
least oh®bind fifkt BBrninahelgs@If adirktn@ndnpayeeint a it esrfnaeil adge of a second
pressure, engagenent gauge pressure, engagenent timne,

conduil §BHIOAT at 16HsE bhaGif dhe FIrQS SRt PRASL REA GRS G6cdRE ESohHiiie, portion
heating tenperature, heating tine or any conbination

comprisiag' £ gf)liyvﬁ‘lyf BruibBa nlabGial; U5i$ FudeOiB tirdy &MdEX HoRidnSand the second
substanti a

y the sane strength as at |east one of

conduié E?rttilfo% ﬁ)%rt e_n%élﬁ'é‘ itﬁe AR Hn%ﬂlalagﬁlget (I;tethé qﬁ&n&nﬁﬁp ng"u{on with the first

-terminal edge of the second conduit portion, thereby creating a fused joint area; and selecting
engagement interfacial pressure, engagement gauge pressure, enéagement time, heating
intgrfacial pressure, heating gauge pressure, heating temperature, heating time or any
combination thereof, such that the fused joint area exhibits substantially the same strength as at

least one of the first conduit portion and the second conduit portion.
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