METHOD OF FI LLING A CASING This application clains the benefit of the
filing date of Canadi an Patent Application No, 2,64 7,972 filed Decenber

19, 2008 wodero/dshe4t i t1 e METHOD OF FILLI NG A CASI NG Thectamentooofsot he
above patent application is hereby expressly incorporated by reference into
the detailed description hereof. The presgent invention relates to nethod
and apparatus for foamfilling a cavity i'n a joint between insul ated pipe

| engt hs . Such nethod and apparatus are known, for exanple, fromour U S
Patent No. 6,355,318 issued March 12, 2002. Known net hods and appar atus of
whi ch the applicant is awar g EHEIPbE & @i Mel o a1y heat shrinkabl e
casings for surrounding the foamfilling that are designed to withstand the
stresses to which the casings are subjected in use, for exanple the stress
that the foamexerts on.t.he casing as it .expands..to fill t cavity .in the
course of 1 oam HTY APRHE oo A 2 PR g R P AN Rabl o
casi ngs mayMmataraldsans e Aesinpalie: Qi ecoronmxaldy, adyv aitiage odsent@never

One aspect of the invention relates to a nmethod wherein foamfilling may be
pre- foPned DefiSH applay fgeadddilfy ORI GFh& KLl INGhd A% s aspect, the
invention provides a nethod of foamfilling a cavity in a joint

The content of the above patent application is hereby
expressly incorporated by reference into the detailed

description hereof.

10
The present invention relates to method and apparatus
for foam filling a cavity in a joint between insulated pipe
lengths.
15 Such method and apparatus are known, for example, from

our U.5. Patent No. 6,355,318 issued March 12, 2002.

Known methods and apparatus of which the applicant is

aware employ relatively sturdy heat shrinkable casings for
20 surrounding the foam filling that are designed to withstand
the stresses to which the casings are subjected in use, for
example the stress that the foam exerts on the casing as it

expands to fill the cavity in the course of foam filling

the joint.
25
The use of heavy weight heat-shrinkable casings may
not alwayg be degirable or economically advantageous,
however.
30 One aspect of the invention relates to a method

wherein foam filling may be pre-formed before applving a



bet ween insul ated pi pe | engths, conprising wapping around the cavity a
nol d sheet conprising a fibre reinforced plastic sheet and havi ng opposi ng
ends overwappedet@4f orm a cylindrical nold; introduci ngPaTaaedd®1Soam
precursor in said cavity,- the nold sheet having tensile strength that

resi sts ballooning of the foamfilling p?_expansion thereof from curable
foam precursor; applying securing el enments on the nold to resi st
circunferential separating novenent of the overl apped ends upon expansion
of the filling; allow ng said precursor to foam and cure,- and renovi ng

sai d secur iig, ¢l erpAbsnandnsaid ol sheeh, e, fAdpect o Rher gefl s ©
sheet provides tthe advantages of offering excellent” resistance to

bal | ooni ng nwhivigidsei ag pétheflatdivelfpali ghi 1 henghta . caviitmt hén aspdstirgf t he
i nvention rel%&gglto %rfviQ£n§ia o %gn arounqntpe cavi%% bef ore Hp%m
fFilling. | PTH S hshRer Fhedi RuBRt i'SH Prvvi ded™R Hthdd "6FPPS M ATIYIY a
cavity in alei ravhletwean mBsdl atrdepi p@orh@ﬁg@m? CHONPTISteng 1@ BH MG R
casing around the cavity, wapping at | east one flexible tensile nmenber
around Phe aSiHE ShFtodRRd ndP 6l U r aBPes BAntPrecaVestaPRedaltd Ca¥M P

cur o, -t e FEOHBTS Terbar ot g Lane o b1 renarhct et t cBPSParBaT | adhi ng
of the casissgdncexpapsi dheof mphé fdwmmtf | hbivhgaf rtemgile carabhethodmat
precursor;gé&%é%ﬁ'%%ff&%é%ég)of the foam filling on expansion thereof
from curable foam precursor; applving securing elements on
10 the mold to resist circumferential separating movement of
the overlapped ends upon expansion of the filling; allowing
said precursor to foam and cure; and removing said securing
elements and said mold sheet. The fibre reinforced plastic
sheet provides the advantages of offering excellent

15 resistance to ballooning while being of relatively light

weight.

A further aspect of the invention relates to providing

a casing around the cavity before foam filling. In this

20 aspect the invention provides a method of foam filling a
cavity in a Jjoint Dbetween insulated pipe lengths,
comprising applying a casing around the cavity, wrapping at
least one flexible tensile member around the casing;
introducing a curable foam precursor in said cavity through

25 an opening in the casing; allowing said precursor to foam
and cure; the flexible member having tensile strength that
regsigtgs ballooning of the casing on expansion of the foam
filling from the curable foam precursor; including the step

of applying a securing element on the flexible member to

30 zregist girthwise extension of the flexible member on



of applying a securing elenment on the flexible nmenber to resist girthw se
extensi on of the flexible nenber onexpansion of the filling; and renoving
sai d fl exwbl2eiwvmendaer and said securing elenment. The at IPeagtA20090i15exi bl e
tensile nenber may conprise two or nore strap el enents, for exanple
conventional pol ypropyl ene or nyl on webbing straps woven from for exanple,
multifilament yarn. In one preferred forﬁl the flexible nenber is a

fl exi bl e sheet havi ng opposi hg ends overl apped. In a further aspect, the

i nvention provides apparatus for foamfilling a cavity in a joint between

i nsul ated RLRGJENGE NS5 COOPEL $1 PGg @ ShAT eehBinher 684 aplrastiipisheRindiavi ng
opposi ng ends that can be overlapped to forma cylindrical nold wapped
around t he agaistaid aedwaey iglgmsirdnent s t hat apply on the sheet to resist
circunferential separation of the overl apped ends of the sheet on expansion
of the filling. The above aspects of the present invention allow a

relatively thinmal &6 taskngoche T anpieyetensildegenpdr siapCednpriesd not
be capabl e of withstanding the pressure of the expanding foam as that
functiofl i $Yer fOF mePHy t herdReeflBMeRfexi bEOTt e §3IA® e ntiErVerte s e

rei nforced plaghis,Aled hely Sr}ﬁ@]toép;(r%o@u Sicp Rart d:l%;![ Z,;ég%rpowlentfd@y of

provi di ng stress- resisting nd tthe iIns pi pel i ne j oi nt
cavi ty. The ebengillee stuldndtin amegui nedrf.or t he sheet or

In one preferred form, the flexible member is a

10 flexible sheet having opposing ends overlapped.

In a further aspect, the invention provides apparatus
for foam filling a cavity in a joint between insulated pipe
lengths, comprising a fibre reinforced plastic sheet having
opposing ends that can be overlapped to form a cylindrical

15 meold wrapped around the cavity, and securing elements that
apply on the sheet to resist circumferential separation of
the overlapped ends of the sheet on expansion of the

filling.

20 The above aspects of the present invention allow a
relatively thin walled casing to be employed, 1if desired,
since it need not be capable of withstanding the pressure
of the expanding foam, as that function is performed by the
sheet or flexible tensile member.

25

The fibre reinforced plastic or other sheet provides a
particularly convenient way of providing a stress-resisting

mold around the insulated pipeline joint cavity.



flexible menber to resist ballooning when the foam expands may be readily
determ ned in any given case by sinple trial and experinent. "Ball ooning"
refers tovexpevsben of the sheet or of the casing that PPETMiAZIIO1150 t he
eye. In preferred forns, the sheet or flexible nenber has a Young's

modul us, as neasuring by ASTM D63 8 (or_ ASTM D6775- 02 in the case of
textil e webbing) of at |east 5-25 GPa, n%re preferably at |least 15 GPa. The
invention will be nore fully described, by way of exanple only with
reference to the acconpanying drawi ngs, in which: Figure 1 shows a side

view, partly in§f0SSec88C1d0NgtBEAYER a JeQint-cRet wean | pgul akedepi P
| engths, and the cavity therebetween. Figures 2 to 5 are perspective Vviews
and fi guredlexidl@® arenizehehat iresgise b levwenipar twlagh ytha Eress-esaetnidan,

illustrating steps in.formng a foaminsulation filling,in _the-.cavit.y,
according T5 ke erbti Beric orEPHES ntRnt FonI PP gy P88 P hidlsH EL4 Tt
schemati c sirde esieSimegpartially in cross-section, illustrating steps in

formng a foamfilling in such cavity according to a second enbodi nent of
t he invéntion.Figure 14A is a cross-section taken on the lines A-Ain

Figure 14 , and Jg QU@ nlihdS 2eBEPEMRI] CegbdfsYbWoPahbaldned or of

the casing that is visible to the evye.

In preferred forms, the sheet or flexible member has a

10  Young's modulus, as measuring by ASTM D638 (or ASTM D6775-

02 in the case of textile webbing}) of at least 5-25 GPa,
more preferably at least 15 GPa.

The invention will be more fully described, by way of
15 example only with reference to the accompanying drawings,

in which:

Figure 1 shows a gide wview, partly in cross-gection
through a joint between insulated pipe lengths, and the

20 cavity therebetween.

Figures 2 to 5 are perspective views and figures 6 to
8 are schematic sgide views, partially in cross-section,
illustrating steps in forming a foam insulation filling in

25 the cavity, according to one embodiment of the invention.

Figures 9 through 14 are gchematic gide views,
partially in cross-section, illustrating steps in forming a
foam f£illing in such cavity according to a second

30 embodiment of the invention.



section illustrating a third enbodi nent of ballooning resistant structure
in accordance with the invention. Figure 1 shows a cavity 10 between

adj acent woadsioafeo@ipe |ine | engths 11 and 12 each conpr PSITAGA20090pE0 13,
insulation material 14 and a cylindrical pipe jacket 16, usually of polyner
material. The ends of the pipes 13 are |gft bare to allow the ends to be
wel ded together at 17. In one formof the present invention, a resiliently
flexible coil formsheet 18 is enployed as shown in Fig. 2 . In the

enbodi nent descri bed below with reference to Figs. 2 to 8 , a foam

i nsul ati on body BQu,& foiged % C%@@Isé!‘ééboﬁ”tb%%r surfgee;9hethe sheet
18 which functions as a nold sheet. As seen in Fig. 2 in a rel axed

condi tion, irhdisheet 1¥8 adwbts a cylindrical coil condition. In one
preferred enbodi nent of the present nethod, as seen in Fig. 3 the sheet 18
is partially uncoiled and is | owered over the joint and, as seen in Figs. 3

and 4 is positiagnefhiden as engiral i pghpastitonsagoungidie jpfdialline sheet
18 is selected so that its width prOV|des an axi al length suchthat its

si des over ISR ad} Hoetitr @RI of 2 t hENpFPe PHEREEESDE, &F s@ﬂr APTEING 6 .
In a prefery ?§§Jégd8 éﬂglﬂﬁié fﬂn 5&5ﬁ§§%§awﬁﬁﬁﬂéﬁggﬁz in the
rel axed condition, seen , I'ts dianmeter is |ess an that of the
jackets 16 while its
Figure 1 shows a cavity 10 between adjacent ends of
pipe line lengths 11 and 12 each comprising a pipe 13,
10  insulation material 14 and a cylindrical pipe jacket 16,

usually of polymer material.

The ends of the pipes 13 are left bare to allow the
ends to be welded together at 17.

15 In one form of the present invention, a resiliently

flexible coil form sheet 18 is employed as shown in Fig. 2.

In the embodiment described below with reference to
Figs. 2 to 8, a foam insulation body 30 is formed in
20 contact with an inner surface of the sheet 18, which

functions as a mold sheet.

Ag seen in Fig. 2 in a relaxed condition, the sheet 18

adopts a c¢ylindrical coil condition. In one preferred

25 embodiment of the present method, as seen in Fig. 3, the
gsheet 18 1is partially uncoiled and is lowered over the
joint and, as seen in Figs. 3 and 4 is positiconed in an
encircling pesition around the Jjoint. The sheet 18 1is

selected so that its width provides an axial length such



circunferential length is such that, in the fitted position, shown in Fig.
4 , the ends 19 and 21 overlap, with the sheet 18 in a resiliently expanded
condi ti orwolniottsp@i4condi tion, the resilient reaction camsegLAh®/ et 18 to
grip tightly around the adjacent end portions of the jackets 16 and is
retained in position by the resultant fjéqtional forces. As will be
appreciated, the frictional gripping greatly facilitates positioning of the
sheet 18 around the cavity 10 to forma nold. While other simlar
resiliently flexible coil formsheet material may be enpl oyed, in one

preferred fiorym the r %%'d'e'se”bWrﬁh?X' bhe coibabonm shegl 18 i s Tiine
reinforced plastic sheet, such as that available from C ock Spring Conpany,
Long Beach,]aCHeatfsorkfi.a.asTheqyy aéfrerfrign fd.bres used to formthe conposite
resilient fibre reinforced plastic sheet 18 have a Young's nodul us of at

| east 50 GPa. Such fibres will include glass, aramd fibre {for exanple

Kevl ar (trade- mark) avaptabderdd onidupont fhe caeboniand skektfi hmwes.isThe
resin enployed in nakin%lthe conposi te_may i ncl ude epoxy, polyester
pol yur ePharfeleshéthbl ST st hayl ohid, CRRdT 8L AEPd RABAALEBNt h§§8ISKTY IFd@ i i+t he

Such sheet TYpisaTy or ovl dBS-3 Votng om0l e of 110 Ch 14s  haasurad b
ASTNID638)Qggiumﬁﬁﬁééaﬂﬁﬁ ekanptlk, gaﬂﬂﬁm¢bcttbﬂah gliass thbrefﬁdﬂﬁﬁiy
epoxy res'%osition, shown in Fig. 4, the ends 19 and 21 overlap, with
the sheet 18 in a resiliently expanded condition. In this
10 condition, the resilient reaction causes the sheet 18 to
grip tightly around the adjacent end portions of the
jackets 16 and is retained in position by the resultant
frictional forces. As will be appreciated, the frictional
gripping greatly facilitates pogitioning of the sheet 18

15 around the cavity 10 to form a mold.

While other similar resiliently flexible c¢oil form
sheet material may be employed, in one preferred form, the
resiliently flexible coil form sheet 18 is a fibre

20 reinforced plastic sheet, such as that available from Clock

Spring Company, Long Beach, California.

The preferred fibres used to form the composite
resilient fibre reinforced plastic sheet 18 have a Young's

25 modulus of at 1least 50 GPa. Such fibres will include
glass, aramid fibre (for example Kevlar (trade-mark)
available from Dupont), carbon and sgsteel fibres. The resin
employed in making the composite may include epoxy,
polyester, polyurethane, phenolics, nylons, and others

30 known to those skilled in the art.



sheet may be enpl oyed. Such sheet provides a Young' s nodul us of greater
than 20 GPa {ASTM D63 8 ) . As seen in Figs. 4 and 5, securing el enents,
in the fowvoofosbwaps 22, are applied on the sheet 18, &sTa=emYm1Bdgs. 4
and 5. In this exanple, the straps 22 are passed around nold sheet 18 and
their ends are provided with inter- engagzng tensioning elenents 23 all ow ng
the straps 22 to be tensioned by adjustnent of the tensioning devices 23.
Vari ous conventional fornms of tensioning devices may be enpl oyed. The
tension in the straps 22 resists any tendency for circunferential

separating noverRit ks feOV‘%{ ! $P9§Q %‘Frelgf@ﬂ@'egl H:8XPRPgE AN &Ieetthe

subsequent |y introduced oam f Ing. Sheet 18 is provided with fill and
vent openi Ny 26 artp2dyeBnpl o?um}g ahfeamtiididaig yporpecedides t hatYdund 'tssel f

cur ol & 1 RUDaE TR | BeteRi b np bubR {CnECP el ofnind SAEA

funnel 28 rayanfiad nser tiadi diwatgividie epasisngf 2A6rd 0 fassiest @Ok Q@!Sﬂg& of
t he precursor 29 within the cavity 10. The l'iquid precursor 29 may be, for

exanpl e? bél?ec%“ﬁé(rtb@r et Rabeyedam cSMsdsi FHERTL NAFOV3ARF x et SBIMG '\
before intr \ﬁﬂgﬁgﬁhaﬁﬂﬁlgﬂqugg @& g 4dyqui d precursor 29
It cures to

expands wt t e ca orma rigid foamfilling 30. Once
t he corrpositl on is fully foamed and cured, thestraps 22 are renoved and the
sheet 18 is Strﬁﬁ?edeen Xh Figs. 4 and 5, securing elements, in the
form of gtraps 22, are applied on the sheet 18, as seen in
10 Figs. 4 and 5. In this example, the straps 22 are passed
around mold sheet 18 and their ends are provided with
inter-engaging tensioning elements 23 allowing the straps
22 to be tensioned by adjustment of the tensioning devices
23. Various conventional forms of tensioning devices may
15 be emploved. The tension in the straps 22 resists any
tendency for circumferential separating movement of the

overlapped ends 19 and 21 on expansion of the subsequently

introduced foam filling.

20 Sheet 18 ig provided with £fill and wvent openings 26
and 27. Employing a foam f£illing procedure that in itself
is conventional, as seen in PFig. 6, a liguid precurscr 29
of a foamable curable resin composition 1s introduced
through the fill opening 26. A funnel 28 may be inserted
25 through the opening 26 to assist positioning of the
precursor 29 within the cavity 10. The liguid precursor 29
may  be, for example, be a two-part urethane foam
composition that is mixed shortly before introducing it
through the opening 26. The 1liguid precursor 29 expands
30 within the cavity, and cures to form a rigid foam £f£illing

30. Once the composition ig fully foamed and cured, the



exposing the foanmed and cured filling 30 in the formof an annul ar body of
di aneter substantially simlar or equal to the dianeter of the pipe casings
16 , Desiwealbi/ocvdye i nside of the nold sheet 18 is coat edTwiAzbosorzhease
agent to make the sheet 18 readily cleanly strippable fromthe foamfilling
30. This coating may be provided by, for,exanple, a silicone release

coating spray or a brushed on coating of “carnauba wax conposition
Alternatively, the sheet 18 nay be lined with a release |iner sheet, for
exanpl e wax paper or a polyolefin, for exanple, a polyethylene film coated

Wi th silicong.add rpber-cgaskelydapenaRY e appét ed qCifcunt el gpiialdyaover

the pipe jacket's 16 adjacent to the cavity and under the nold sheet to
prevent foandeakayetie ofpathed cavit yuderd dg ldxpansibnin | bhe héopmefodr reed
form the foam-fill.ing 30.is.sealed in ter .ti.ght fashion by applyi

tapes of a SANGEIN €84 Sht SATRF St TE BIdS Ar (F P PackEEEI16° and
appl yi ng a theatdisiMdddakife el WiRid Gaea%idy) 136, over the seal ant tapes 32
and 34, as seen in Fig. 8 and applying heat, at least to the end portions
of the easi ng 36 overlying the sealant tapes 32 and 34, to heat shrink the

casing 36 in ti 93%]51 a1 N0 SRY2GEURAL W4 ﬁ@eméﬁﬁ?%r%(éeet-,sef‘é ant tapes B2
and 34 and with the adj acent portions of the pipe jackets 16. In sone
i nst ances twhigtenti releasenggent to make the sheet 18 readily cleanly
strippable from the foam filling 30. This coating may be
provided by, for example, a silicone release coating spray
10 or a brushed on coating of carnauba wax composition.
Alternatively, the sheet 18 may be lined with a release

liner sheet, for example wax paper or a polyolefin, for

example, a polyethylene film coated with silicone.

15 A rubber gasket tape may be applied circumferentially
over the pipe jacketg 16 adjacent to the cavity and under
the mold sheet 18 to prevent foam leakage from the cavity

during expangion.

20 In the preferred form, the foam filling 30 is sgealed
in water tight fashion by applying tapes of a adhesive
sealant 34 around the ends of the pipe Jackets 16, and
applying a heat shrinkable polymeric casing 36 over the
sealant tapes 32 and 34, as seen in Fig. 8 and applying

25 heat, at least to the end portions of the casing 36
overlying the sealant tapes 32 and 34, to heat shrink the
casing 36 in tight gealing engagement with the adhesgive
sealant tapes 32 and 34 and with the adijacent portions of
the pipe jackets 16. In some instances the entire casing

30 36 may be heat shrunk over the joint.



36 may be heat shrunk over the joint.Q A second preferred enbodi nent is
descri bed below with reference to Figs. 9 through 14A Elenents simlar to
t hose enpwoyetiémdtthe procedure descri bed above with refPeramceostoo1Bigs | to
8 are identified by the sane reference nunerals for the sake of convenience
of description. However, in this exanple, the adhesive seal ant tapes 32 and
34 and heat shrinkable casing 36 are app?ied before applying the nold sheet
18, and the foaminsulation body 30 is forned in contact with an inner
surface of the casing 36. Further, the sheet 18 in this exanple functions

as a flexible tensideMBMBeErEbaLqr eidad 2! 0ani AgsoFibbe £a3LAY 3G 1ON

expansi on of the foam precursor 29. To prevent a tendency for the casing 36
to shrink defrexdeanae tire Kad t Y Thrdvedt 1stdiel di ng bands 38, for exanple
hi gh tenperature resistant heat insulating bands, such as glass fibre
fabric bands, are applied around the casing 36 axially inwardly adjacent

the ends of the migedrackeinlibarThe endssel 4helspsd ngdn36ciae e grireaivaink
down into tight sealing engagenent with the seal ant tapes 32, 34 and with
the ends ofdaHdikeket®IE a¢ikentehertyce 11001 oFigRanple B¢ afpl W4Ty a

gas torch ?éieq{titﬂeec?ng% ohet E%nf@sié‘ﬂe:? cBehone 9f safdsr sheigking. fill
an o] | of

and vent openings 41 42 are rmed through the wall of the casing 36,
for convenience of description.

However, in this example, the adhesive sealant tapes

10 32 and 34 and heat shrinkable casing 36 are applied before
applying the mold sheet 18, and the foam insulation body 30

is formed in contact with an inner surface of the casing

36. Further, the sheet 18 in this example functions as a
flexible tensile member that resists ballooning of the

15 casing 36 on expansion of the foam precursor 29.

To prevent a tendency for the casing 36 to shrink down
into the cavity 10, heat shielding bands 38, for example
high temperature resistant heat insulating bands, such as

20 glass fibre fabric bands, are applied around the casing 36
axially inwardly adjacent the ends of the pipe Jjacket 16.
The ends of the casing 36 are then shrunk down into tight
sealing engagement with the sealant tapes 32, 34 and with
the ends of the jackets 16, as seen in Fig. 11, for example

25 Dby applyving a gas torch 35 on the ends of the casing 36.

Before or after shrinking, fill and vent openings 41
and 42 are formed through the wall of the casing 36, for
example by drilling through the wall. These openings 41

30 and 42 positioned in registry with the £ill and wvent



exanple by drilling through the wall.

These openings 41 and 42 positioned

inregistry wwth the fill and ventopenings 26 and 27, respectively, in the

subsequenwbyosppbidsed sheet 18. The procedure then gener 2CITYCA2009/00¥&50t hat

descri bed above with reference to figs. 2 to 6 except the sheet 18 is

applied on an exterior side of the ca5|gg} . If desired, once a
sufficient quantity of the foam precurs 29 has been |ntroduced t hr ough
the fill hole 41, a tenporary foamng plug 43 is inserted as a stopper

wi thin the opening 41, to encourage the foamto fill the cavity 10 within

t he casing
41. Once the foam has fully forned,

o%!‘%r}’iﬂrlg}},oubeex%‘%ﬁﬁ' ve | eakage of;Jfoam thrpughd he.fiiddepgning
and has filled the cavity 10 within the

casi ng 36 awpblhasl clreed, k&m&straps 22 and sheet 18 are renoved. The
tenporary foam ng plug 43 is renoved, and polyneric filler plugs 44 and 46
are inserted within the fill and vent openings 41 and 42, respectively,

wel ded in place e Op@@&etﬂgr@eaihéﬂﬂe fEasing 136 EB1naker thaht deasfriond | n
one preferred form 1n order to facilitate welding of the plugs 44 and 46

to a cross|GHMEd wHsh naeéereﬂﬁ@ E&sitHEIR6 #myObé f FHRRPT Ehe| E8eREl 118
having out afs afthi el LIS 303 AN 3P oo Nd RORL pYRr. 36D bei ng

uncr ossl i nked crossl

out er

| esser degree of

| ayer 36a, which may be

10

15

20

25

30

If desired, once a sufficient quantity of the foam
precursor 29 has been introduced through the fill hole 41,
a temporary foaming plug 43 is inserted as a stopper within
the opening 41, to encourage the foam to fill the cavity 10
within the casing 36 without excessive leakage of foam

through the f£ill opening 41.

Once the foam has fully formed, and has filled the
cavity 10 within the casing 36 and hags cured, the straps 22
and sheet 18 are removed. The temporary foaming plug 43 is
removed, and polymeric filler plugs 44 and 46 are insgserted
within the fill and wvent openings 41 and 42, respectively,
and welded in place in order to seal the caging 36 in water

tight fashion.

In one preferred form, in order to facilitate welding
of the plugs 44 and 46 to a crosslinked casing 36, the
casing 36 may be formed with its wall having outer and
inner layers 36a and 36b, the inner layer 36b being
uncrosglinked or crogslinked to a lesser degree of
crosslinking than the outer layer 36a, which may be
crosslinked to a substantially greater degree, so that the
polymeric plugs 44 and 46a will weld readily to the

portions 36b bordering the holes 41 and 42 formed through

sslinking than the

and



crosslinked to a substantially greater degree, so that the polyneric plugs
44 and 46a wll weld readily to the portions 36b bordering the holes 41 and
42 for medwOhlnoughishe casing 36. This two | ayer structur@Crara2odyeovzsb| of
the casing 36 may be provided by |am nating sheets of the materials 36a and
36b together to forma conposite sheet, %pg form ng a tubular sleeve from
the conposite sheet in conventional fasﬂion. In the exanpl es descri bed
above, the casing 36 may have a wall thickness which is constant across the
wi dth of the sleeve. If desired, however, a casing which has its mddle

portion of greatear; walde t hhcknesgothaeit se 80 PPET EQDS K8UGH13S Fesgd bed
in our above-nentioned U S. patent 6,355,318 may be enpl oyed. The

di scl osur escagfind S36Patent 16 355;@B13 et e byer ébpinatonpgor ahedt by olef dlence.
The greater | 1. t-hi ckness_qf the mddl.e porti reduces _any.tendency for
{he caet ng Vs ANk Thto Phe X201 13550°Th Ee 30T st GPAENE Ry T Heteng
portions ofaddeféaging as deserabedlabove midh cakerengodicdi gueetllin This
elimnates the need for the use of heat shielding bands 38 to prevent
shrinki Ag sfotietdadialy Gaftd Gthe cavity 10 . As noted above, the sheet 18
in the above-described procedures allows a relatively thin-walled casing 36
to be enployed, if desired, since the casing need not be in itself capable
of wit hstandi ng Irhetpeesstware bis t desexpardi ngbbwvam dird ngashegc ol senagf

formng an%é%gigmkgifethickness which is constant across the width of
the sleeve, If desired, however, a casing which has its
10 middle portion of greater wall thickness than its end
portions, such as described in our above-mentioned U.S.
patent 6,355,318 may be emploved. The disclosures of U.S.
Patent 6,355,318 are hereby incorporated by reference. The
greater wall thickness of the middle portion reduces any
15 tendency for the casing to shrink intoc the cavity 10 in the
course of heating the end portions of the casing as
described above with reference to Figure 11. This
eliminates the need for the use of heat shielding bands 38

to prevent shrinking of the casing into the cawvity 10.

20

As noted above, the sheet 18 in the above-described
procedures allows a relatively thin-walled casing 36 to be
employved, 1f desired, since the casing need not be in
itself <capable of withstanding the pressure of the
25 expanding foam during the course of forming and curing the
film within the cavity 10. This function of withstanding

the pressure of the foam is performed by the sheet 18.

For example, with known procedures before the present
30 invention, 1in the case of a large diameter insulated

pipeline joint, having a jacket 16 of external diameter



filmw thin the cavity 10. This function of w thstanding the pressure of
the foamis perfornmed by the sheet 18 . For exanple, with known procedures
bef ore t WwOppw@®Mi44i nvention, in the case of a | arge di acEt@R009wUIsat ed

pi peline joint, having a jacket 16 of external dianmeterl1000 nm it was
necessary to use a casing, simlar to 93%199 36 shown in Fig. 10, of wall

t hi ckness greater than about 12 nmto avdid ballooning. In the sane

ci rcunst ances, using the procedure of one aspect of the invention as
descri bed above with reference to Figs. 9 to 14a, a casing 36 with wall

thickness afpfy Mpvas; €MRlayed-eRr ke 1009 mmd oit -, ARngNti s el | oPNing
sheet 18 conprising glass fibre reinforced epoxy resin was enployed. The

foam filli rpBxoiprikedn pohydriet-hdife foanvé bk nbbifkoara tweapart tyreet hane
f oam conposi.tiqn m xed together to provide, 1he liquid precursor 29. After

t he precurglfmgb E;é fdPTy Fﬁ%neavgﬁg sé??l%?oﬁbggfound He cfb%unﬁgwg%ce
of the casidigdhatandedukess tited ZYodidurenoo¥i drad | ispeceepdf bltge

bal | ooning.  Wiile fibre reinforced plastic sheet materials have been

descri beéd aABBRREHLTexdfpPEsCELPERe BT of L ShesEiREEBFRaICCLEF PFDVI di 1P

Cendency 1 or Bal T oonT hae GCher it G &l S°AaF “par Far 8 th e Fancan ey, of
course, be eanpl@yed.1F¢ exanpieinthe no”Rd sheét -imay lbenanget alhestteetl8 For
exanpl e, a%éﬁ§¥yé¥ﬁgfg‘§§s %%%@gaLéYnforced epoxy resin was employed.
The foam £illing 30 comprised polyurethane foam formed from
10 a two-part urethane foam composition mixed together to
provide the liquid precursor 29. After the precursor 25
had fully foamed and set, it was found the circumference of
the casing had expanded less than 2%, with no wvisually

perceptible ballooning.

15 While fibre reinforced plastic sheet materials have
been described above as examples of one form of sheet
material 18 providing sufficient tensile strength to
withstand the foam pressure and avoid any tendency for
ballooning, other materials that perform this function may,

20 of course, be employed. For example, the mold sheet may be
a metal sheet. For example, an aluminum sheet, typically
having a Young's modulus of 69 GPa, may be employed. A
further example of material as equally effectively as the
above-described fiber reinforced plastic sheet or metal

25 sheet comprises flexible fabric sheets, for example,
flexible fabric sheets formed of high tensile fibres such
as para-aramid (trade-mark KEVLAR) or high tensile glass

fibres.



having a Young's nodul us of 69 GPa, may be enployed. A further exanple of
material as equally effectively as the above-described fiber reinforced

pl asti c sWeebiloawomet al sheet conprises flexible fabric shEatapo9foor75exanpl e,
flexible fabric sheets forned of high tensile fibres such as para-aramd
{trade-mark KEVLAR) or high tensile gl gaéfi bres . Such netal sheets and
fabric sheets are enployed in the sane nner as the nold sheets 18, as
descri bed above with reference to Figs. 1 to 14, except in the case in
which the sheets are not in the formof a resilient coil, the sheets need

to be supported Qnae weappedifaund,hhe awily 1QeorBt !a!rese&%?gx{'é& place
by the straps 22. Instead of applying an ant i-ballooning sheet 18 around

t he casi ng 38 aan¢eseninbed aaboves winohdr eheegiscel & .0 & gslesortibe@dabave a
further errbodtirrent as iIIusCtra for exarereE in Fig, 15, flexible tensile
“ar Car tt

d
menbers in \’flheb f Sﬁ%eg?ng?r apo e%gﬁ@nt ¢t 5t ’apﬁlxlcg un&htehec%ﬁgi ri-Lgn. The

procedur e ivhieithefid Sehekfkl aret dthaindeser ifheth atove wekhlieher erce to
Figs. 9 to l1l4a. The strap elenents 51 are tensioned using conventional

strap t nsitdi n@hﬁé’\??cé’sees% £RatP® hé’ylp@ﬁ"g”éﬁél s%@ﬁywéfram t HECRd| 6@636
before the fQam illd'i %t&rle%&ﬁfedz d S1igud ged, s-gl%ﬁ:'?s” el enents 51
p we

may be, for exarple, conventional polypropylerne or nylo )i ng straps
woven from for exanple, multifilament yarn. CLAI M5 :

Instead of applying an anti-ballooning sheet 18 around

the casing 36, as described above with reference to Figs. 9

10 to 14a, in a further embodiment as illustrated for example

in Fig. 15, flexible tensile members in the form of strap

elements 51 are applied around the casing. The procedure

is otherwise gimilar to that described above with reference

to Figs. 9 to 1l4a. The strap elements 51 are tensioned

15 using conventional strap tensioning devices sgo that they

engage snugly around the casing 36 before the foam filling
precursor 29 is introduced.

The strap elements 51 may be, for example,

conventional polypropylene or nylon webbing straps woven

20 from, for example, multifilament varn.



1 . Method of foamfilling a cavity in a joint between insulated pipe

| engt hs, conprising wapping around the cavity a nold sheet conprising a
fibre reiwbanmado@hasti c sheet and havi ng opposi ng ends PovarA2eqmed’sbo f or m
a cylindrical nold; introducing a curable foam precursor in said cavity;
the nol d sheet haV| ng tensile strength tlthat resi sts ball ooning of the foam

filling on expansion thereof from curable foam precursor; applying securing
el enents on the nold to resist circunferential separating novenment of the
over | apped ends upon expansion of the filling; allow ng said precursor to

foam and cuyyrnd renoving said securing elenments and said nold sheet. 2 .
Met hod according to claim 1l wherein said foamfornms in contact with an
i nner surface of the nold sheet . 3 . Method according to claiml or 2

i ncl udi ng ppl yi ar ou he cured _foam after. renoval .of the nol d
sheet 9 Phet WB RSB EEA B A AR e el R s TORHE ARy
partiall y uea;ul%ltremkq:mp% aadmgm&w,dl RSN wvlagpgast Raidurens tofe sai d

casi ng | nto tllﬂ‘d’ contact with the insulated pipe |engths adjacent the
joint. d %f mpéélmﬁfl}ﬁfﬁm n@o‘ap‘éaﬂfi? i%n %ﬂ?ﬁ nFehBEREERDI MsidSdtied

Fleggt | gﬂgt ;bl%eem bl e tens @ﬂ%yl %%gﬁil ngﬂgéggggﬁghgpﬁ%ﬂgé%gl \rqgf%gmczr%abl e
f oam pr ecursdriridisiaiad cavidy timtowglicamoppenicngaibiet heoapasprgeuakbowiing
said said cavity; the mold sheet having tensile strength that
resists ballooning of the foam filling on expansion thereof
10 from curable foam precursor; applying securing elements on
the mold to resist circumferential separating movement of
the overlapped ends upon expansion of the filling; allowing
said precursor to foam and cure; and removing said securing
elements and said mold sheet.
15
2. Method according to claim 1 wherein said foam forms in

contact with an inner surface of the mold sheet.

3. Method according to claim 1 or 2 including applying a
20 casing around the cured foam after removal of the mold

sheet.

4. Method according to claim 3 wherein saild casing isg at
least partially heat shrinkable and including shrinking at
25 least portions of said casing into tight contact with the

insulated pipe lengths adjacent the joint.

5. Method of foam filling a cavity in a joint between
insulated pipe lengths, comprising applying a casing around
30 the cavity, wrapping at least one flexible tensile member

around the casing; introducing a curable foam precursor in



precursor to foamand cure; the flexible nmenber having tensile strength
that resists ballooning of the casing on expansion of the foamfilling from
t he curabwe 2bmawp@recur sor; including the step of appl yPag/Ga2e@a0risng
el ement on the flexible nmenber to resist girthw se extension of the
fl exi bl e menber on expansi on of the fing?g; and renoving said flexible
menber and said securing elenment . 6 . hod according to claim5 wherein
said casing is at least partially heat shrinkable and including shrinking
at | east portions of said casing into tight contact with the insul ated pipe
I engt hs adjacentcd e J o itoudh - aVBbPOH: AGCORALRE 18 oG hd;Mad 190 iGigMagliel n
said at | east one flexible nenber conpriSes at |least two strap el'enents. 8
Met hod acgowdinepit otel afeeB ocand wherssi ntdei dfdexikast orebdl exicbiiang

member is f | exi bl e sheet, hayi_ng opposi ng, ends overl apped. 9 . Mt hod
ot ny sl Sepfisin RpaRY SREON I ET 8o RYRE Pt Dens Bl
pl astic shestpaoMyd Sidly ackiesi foent | yillexgbl ereai | £thd0. Metalhod aceerdi ng

to claim8 wherein said flexible sheet is a nmetal sheet.11. Method
accor di Ag tRFSIHISAE wheteiHliag d Fhrexi BFePsheét PEPAYEREXi Bl e FoBiid%heet

gg{rﬁri?L?gsﬁkﬁ%M”%e fehlr €83 e:1 201 Mt hednaccondi ng La; gl al gl hesei n
extension of the flexible member on expansion of the
filling; and removing said flexible member and said

gsecuring element.

10
6. Method according to claim 5 wherein said casing is at
least partially heat shrinkable and including shrinking at
least portions of said casing into tight contact with the
insulated pipe lengths adjacent the joint.

15

7. Method according to claim 5 or 6 wherein said at least

one flexible member comprises at least two strap elements.

8. Method according to claim 5 or 6 wherein said at least
20 one flexible member is a flexible sheet having opposing

ends overlapped.

9. Method according to claim 8 wherein said flexible
sheet 1ig a fibre reinforced plastic sheet comprising a

25 resiliently flexible coil.

10. Method according to c¢laim 8 wherein gaid flexible

sheet i3 a metal sheet.



para-aram d or glass fibres. 13. Method according to any one of clains 3 to
12 wherein the casing conprises an inner |ayer and an outerlayer and the

i nner | aywo 208/08p@m0ssl i nked or is crosslinked to a | eseem/@egawitshan t he
outer layer. 14. Apparatus for foamfilling a cavity in a joint between

i nsul ated pipe lengths, conprising a fqu rei nforced plastic sheet having
opposi ng ends that can be overlapped to orma cylindrical nold w apped
around the cavity, and securing elenments that apply on the sheet to resist
circunferential separation of the overl apped ends of the sheet on expansion

of the filljng. Nﬂe’%hd%)p%rc%foli%lﬁ%w%%' Ng159mC! & %éé'ré‘ﬂ‘?r%e{héa'f‘ie%&@ﬁ? has

an opening in it through which a liquid precursor of a foam can
i ntroduced sheet is a flexible fabric sheet comprising high tens;le

fibres.

12. Method according to c¢laim 11 wherein said fibres are

5 para-aramid or glass fibres.

13. Method according to any one of claims 3 to 12 wherein
the casing comprises an inner laver and an outerlayer and
the inner layer 1is uncrosslinked or 1is crosslinked to a

10 lesser degree than the outer laver.

14. Apparatus for foam filling a cavity in a joint between
insulated pipe lengths, comprising a fibre reinforced
plastic sheet having opposing ends that can be overlapped
15 to form a cylindrical mold wrapped around the cavity, and
securing elements that apply on the sheet to resist
circumferential separation of the overlapped ends of the

sheet on expansion of the filling.

20 15. Apparatus according to claim 14 wherein said sheet has
an opening in it through which a ligquid precursocr of a foam

can be introduced.



