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Pl PE AND METHOD THEREFOR FI ELD OF THE | NVENTION This invention relates to
i mpr ovenewpD3w802eei nf or ced ri bbed structures, and in par PCTWEB/00451
reinforced or strengthened helically wound pipes or tubes nade froma
conposite of materials. BACKGROUND It is well known that plastic pipes can
be made by helically winding a plastic strip having a series of spaced
apart upstanding ribs extending longitudinally of the strip, either at
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manner that the deflection resistance of the finished pipe or tube is
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BACKGROUND

It is well known that plastic pipes can be made by helically winding a plastic
strip having a series of spaced apart upstanding ribs extending longitudinally of the
strip, either at room temperature or at an elevated temperature where the plastic
becomes more flexible. This form of helically wound tube is already well known in
the piping industry and is described in Patents by the applicant relating both to the
form of the plastic strip and the form of the machine by means of which the pipes or

" tubes are produced from such strips.

For these pipes to perform in a high performance applications, in order to
attain the necessary degree of strength, the wall thickness of the plastic strip must be
quite substantial, as well as that of the ribs. Alternatively the finished pipes or tubes

can be reinforced with strengthening or reinforcing members.

In applications where the reinforced tubes or pipes are buried in a trench or
subjected to high earth loads, the strength of the pipe or tube is of extreme

importance.

The applicant’s Australian Patent No. 607431 discloses a method of producing
a reinforced plastics tube utilising a reinforcing member placed between the ribs in

such a manner that the deflection resistance of the finished pipe or tube is materially



2 increased. The reinforcing nenber conprises a netal nmenber having a
profile of U shape cross-section, the free ends of the reinforcing nenber
bei ng deswgQnams®2e6 engage beneat h opposed fl ange formati oR€THUAOP@&Lr of
adjacent ribs to thereby lock the netal strip in position between the ribs
and in turn stiffen the ribs and the finished pipe. The applicant's
Australian Patent No. 661047 discloses an inprovenent over the disclosure
of Australian Patent No. 607431 referred to above. The inprovenment is

rovided b h rovi.si on of rei nforcing negber having a central,. hody
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wound the metahstripirpeositieh betjaeen tiedbs amd if brroi stiffemethb eibs axdetheepar at el y
roll-fgorped.into a profile providing the required stiffness (such as the

i nvert lel"geérpll?ﬁ-shaped profiles referred to above). The roll formed steel
profile is then rolled to a radius approximating that of the helically
wound plastics body. Finally, the profiled and radi used reinforcing nenber
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conposite pipe the requisite stiffness. Wien using the reinforcing
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substantially increased. This provides a stiffer pipe.

Known helically wound composite pipes are formed in a multi-stage
operation. The plastic body is extruded and then is helically wound to form a pipe.
Elongate steel reinforcing members are separately roll-formed into a profile
providing the required stiffness (such as the inverted U or V-shaped profiles referred
to above). The roll formed steel profile is then rolled to a radius approximating that
of the helically wound plastics body. Finally, the profiled and radiused reinforcing
member or members are wound on to the outside of the plastics pipe to form a

composite pipe of the requisite stiffness.

When using the reinforcing members disclosed in Australian Patent Nos
607431 and 661047, the step of rolling the steel reinforcing member to a radius of
approximating that of the plastics pipe involves straining the steel reinforcing
member beyond its elastic limit. This requires the application of considerable force
during the rolling process. In contrast, winding of the extruded plastics profile into a
helical pipe generally requires much less force due to the material properties of the

plastics.



pl astics. WD 03/089226 PCT/ AU03/00461 3 An object of the present invention
is to provide certain inprovenents, beyond those disclosed in the

af or esai dwBaBest22@&peci fi cati ons 607431 and 661047, to reiPofivtwedodoel i cal |y
wound pl astics tube or pipe, which are effective to stiffen the tube or
pi pe through the addition of reinforcing nenbers formed of plastics
material and/or of netal to therebyifroduce a conposite plastics and netal
structure. It is another object of the invention to provide an inproved
conposite strip, that can be wound formable jnto a helical pipe or tube
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obj ect of the present invention to provide a helical Iééwound pl astics pipe
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the resultant or finished pipe or tube has enhanced properties, and which
can be produced at relatively lowcost. It is yet another object of the
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first aspect of the invention there is FtrOVi ded a conposite strip w ndable
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strip havi.n ase tion and at |east one |engthw.se . .
P an objegc i tﬁe Irvdntion to provgde a method of pro Gl g such a composite strip.

It is yet another object of the present invention to provide a method of
producing a helically wound pipe that obviates the need for pre-rolling the

reinforcing member before it is introduced into the plastics body of the strip.

It is yet another object of the present invention to provide a helically wound
plastics pipe formed of two or more materials having different characteristics so that
the resultant or finished pipe or tube has enhanced properties, and which can be

produced at relatively low cost.

It is yet another object of the present invention to provide a helically wound
plastic pipe with a high pressure rating, that is, a pipe that is capable of withstanding

high internal pressure without failure.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a composite strip
windable to form a helical pipe, the composite strip comprising:

an elongate plastic strip having a base portion and at least one lengthwise

extending rib portion upstanding from the base portion; and



extending rib portion upstanding fromthe base portion; and WD 03/ 089226
PCT/ AU03/ 00461 4 an elongate reinforcing strip extendi ng | engthw se and
support edwbatesekéy by the rib portion, the reinforcing PCTiAUBascng a
hei ght to thickness ratio of at |least three to one and orientated
substantially perpendi cular to the base portion, wherein, when wound into a
helical pipe, the reinforcing strip rginforces the pipe against radial
crushing | oads. Preferably said height to thickness ratio is at |east four
to one. Preferably the rib portion defines | engt hwi se ext.endi lot in
whi ch the ANSIARGHETRGIAInGSTY Pden ﬁ@gﬁnsﬁ@v% &Pepﬁgeglﬁ?‘ie ngeﬁ}ﬁg
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base portion. Preferably the réinforcing strip is continuous and has a

| engt h whi chheéreigwhaxwensidiatok hielitdlepipe abieireindordng stfipefeinfabées thhe
reinforcing strip _is conpletely encapsulated so as to prevent exposure to
the eRiPe aanmst radialegruphipiglopd® pl astic strip has an array of |engthw se
extending slot formng rib portions spaced apart across the width of the
strip, each rib portion supporting an elongate reinforcing strip. The

conposi te qilrekdaawysawﬁb@% t iR TRES id A [8ast TOUEYSbne.PT €f erabl y the
reinforcing strip”is constructed fromnetal. Mre particularly, preferably

the reinforcing strip is constructed fromsteel. WO 03/089226
PCT/ AUO3/ 00461
Preferably the rib portion defines a lengthwise extending slot in which the
reinforcing strip is retained, the reinforcing strip being laterally supported by the

walls of the slot.

Preferably the rib portion comprises a pair of parallel walls extending
lengthwise along the base portion, the parallel walls orientated substantially

perpendicular to the base portion.

Preferably the reinforcing strip is continuous and has a length which is co-

extensive with the plastic strip.

Preferably the reinforcing strip is completely encapsulated so as to prevent

exposure to the environment.

Preferably the plastic strip has an array of lengthwise extending slot forming
rib portions spaced apart across the width of the strip, each rib portion supporting an

elongate reinforcing strip.

The composite strip may include various materials, however, preferably the
reinforcing strip is constructed from metal. More particularly, preferably the

reinforcing strip is constructed from steel.



5 According to a second aspect of the invention there is provided a
conposite strip windable to forma helical pipe, the conposite strip
conpri si yoO oansekongat e plastic strip having a base porti @oTaxt®3/a0461

| engt hwi se extending rib portion upstanding fromthe base portion; an

el ongate planar reinforcing strip extending | engthw se and supported by

the rib portion, the reinforcing strip having a height to thickness ratio
of at least three to one and orientdted substantially perpendicular to the
base portion; and a planar | am na extendi ng | engthw se, and bonded to the
base porti o%?cora@g toseraneAsPRg of t ?gth‘éqnwwﬁsr%lsrﬁ;em HERMBPFE gt h t han
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| 'am na i npravasngie éﬂéﬁ%ﬁﬁ% Haa;tihga ke pBRioPARE a 18h&heFiabbyteAdind fiBI ght to
thickness ratio s at least four to one. According to a third aspect of

t he i ranionorpstdretiagifsomprthe bdsetpartivel;i cal |y wound conposite pipe produced
froma conposite strip, the conposite strip conprising:, an elongate

plastic st rafpelpagrteplanuecinioseing SHip wstendingrienghawissargeswrartee bwound
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pipe against radial crushing loads and the lamina improves the pressure rating of the

pipe.
Preferably said height to thickness ratio is at least four to one.

According to a third aspect of the invention there is provided a helically
wound composite pipe produced from a composite strip, the composite strip
comprising;:

an elongate plastic strip having a base portion that forms the inside of the
wound pipe and a lengthwise extending rib portion upstanding from the base
portion; and

an elongate metal reinforcing strip extending lengthwise and supported by the
rib portion, the reinforcing strip having a height to thickness ratio of at least three to
one and orientated substantially perpendicular to the flat side of the base portion,

wherein the orientation of the reinforcing strip with respect to the base portion

remains substantially unchanged after the winding of the strip to form the pipe.

Preferably said height to thickness ratio is at least four to one.



WO 03/ 089226 PCT/ AUO3/ 00461 6 Preferably the reinforcing stripis
continuous and has a length which is co- extensive with the pipe.

Pr ef er ablwotoh®sa2eé nforcing strip i s constructed from net alPCTRAU®B@04bl y t he
metal is steel. Desirably the conposite strip further conprises: a planar
| am na extendi ng | engthw se and bonded to the base portion, the |am na
havi ng a hi gher Young's nodul us and rength than those of the plastic
strip. According to a fourth aspect of the invention there is provided a

met hod of roduci ng a helically wound steel reinforced, plasti.cs pipe
conpri si ng %R rgl?lgﬁge 6?1:1‘?01@3&% P canpnues %%3 bﬁ%?‘il?%gth%ﬁ‘ié 15%ase

porti %&te?n'}ﬁj & L%r{%g)\i\'gge extending rib portion upstanding fromthe base
porti on, |nYrootu0| n N el ongate straight edged reinforcing strip so as to
extend Ilengthwi se of the rib portion and supported laterally thereby, the
metal strip having a height to thickness ratio of at |east three to one
and ori ent &refershlyshamtindbicing steippis cdhstuhieted foormsetl. aPrefemblyothet he base
portion, therehy producing a straight conposite strip; helically w nding
t he cdﬁﬁ@%i%%e@tri p; and inter-engagi ng the adjacent edges of adjacent

convol utions of the strip so as to forma helical pipe. Preferably the rib
portion is extruded to define a | engthw se extending slot shaped to

receive anqgmq)fghé&@ngggi&fgg | gtk Chporiesf erably the rib portion is
extruded to conprise a pair of parallel wgl | s extending | engthw se al ong
the base porti om plaher Wahirs extéredihgtletsthutisd and bahdgd to the base portion,

the lamina having a higher Young’s modulus and strength than those of the plastic

strip.

According to a fourth aspect of the invention there is provided a method of
producing a helically wound steel reinforced plastics pipe comprising the steps of:

extruding a plastics profile having a base portion and a lengthwise extending
rib portion upstanding from the base portion;

introducing an elongate straight edged reinforcing strip so as to extend
lengthwise of the rib portion and supported laterally thereby, the metal strip having
a height to thickness ratio of at least three to one and orientated substantially
perpendicular to the flat side of the base portion, thereby producing a straight
composite strip;

helically winding the composite strip; and

inter-engaging the adjacent edges of adjacent convolutions of the strip so as to

form a helical pipe.

Preferably the rib portion is extruded to define a lengthwise extending slot

shaped to receive and support the reinforcing strip.

Preferably the rib portion is extruded to comprise a pair of parallel walls
extending lengthwise along the base portion, the walls orientated substantially



WO 03/ 089226 PCT/ AU03/00461 7 perpendicular to the flat side. Preferably
the nmethod further conprises the step of encapsulating the reinforcing
strip. Prwbesagd2get he extrudi ng and introduci ng steps occRCTAA®aNOMSE i n a
cross-head extrusion die. According to a fifth aspect of the invention
there is provided a nethod of producing a helically wound steel reinforced
plastics pipe conprising the steps ofi: extruding a plastics profile having
a base portion and a | engthw se extending rib portion upstanding fromthe

base portian; ,and intyoduci ng an el ongate netal reinforcing strip into the
ribp F’EH%‘EI}C‘%‘%tOJHQFJ\[a?SE‘fq‘i p having a height to thickness ratio of at

| east three to one and orientated substantially perpendicular to the base
portion, thereby producing a conposite strip; bonding a lamna to the flat

side of therdfasdlpeid irethod hathardorptisesith step difi givapsilating'the nodul us and
strength than those of plastic strip; and helically w nding the conposite
st ri preiafutcingtstripengagi ng t he adj acent edges of adjacent convol utions of

the strip so as to forma helical pipe. Preferably the nmethod has further
steps between the bonding and helically w nding steps, the further steps

betueen the | | | further steps
orting - Reaaol pet iRy PRl AOIRRE B BLAR e ot

the StkiRsioadisg the underside of the hub; driving the spool so as to pull
the straight conposite strip towards the spool and so as to wind the strip
around the hub of the spool fromits underside;

According to a fifth aspect of the invention there is provided a method of
producing a helically wound steel reinforced plastics pipe comprising the steps of:

extruding a plastics profile having a base portion and a lengthwise extending
rib portion upstanding from the base portion; and

introducing an elongate metal reinforcing strip into the rib portion, the metal
strip having a height to thickness ratio of at least three to one and orientated
substantially perpendicular to the base portion, thereby producing a composite strip;

bonding a lamina to the flat side of the base portion, the lamina having a
higher Young’s modulus and strength than those of plastic strip; and

helically winding the composite strip; and

inter-engaging the adjacent edges of adjacent convolutions of the strip so as to

form a helical pipe.

Preferably the method has further steps between the bonding and helically

winding steps, the further steps comprising:
directing the straight composite step to a spool having a hub rotating

about a substantially horizontal axis, with the base portion of the strip facing the
underside of the hub;

driving the spool so as to pull the straight composite strip towards the spool
and so as to wind the strip around the hub of the spool from its underside;

transporting the spool to a site; and

unwinding the strip from the spool.



transporting the spool to a site; and unw nding the strip fromthe spool.
WO 03/ 089226 PCT/ AUO3/ 00461 8 DETAIL DESCRI PTI ON OF PREFERRED EMBODI MENTS
OF THE | NVBN3h&I26 Sever al preferred enbodi nents of the i nPemATOBIGIGE
illustrated in the acconpanying representations in which: Figure 1 shows a
cross-sectional view of a conposite strip according to a first enbodi nent
of the invention. Figure 2 shows an pl oded view of the strip of Figure 1.
Figure 3 is a perspective view of the conposite strip shown in Figure 1.

Fi i ve view of thé comp: nin | ;

fr om HroPERE BTN St giinBR i R b Dtpb s Cr SR AN ot ona
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t he praq&grhﬁan{]:ﬁ%we rdsen VS hsAnGlIQieR: sectional view of a conposite strip
according to a second enbodi nrent of the invention. Figure 8 shows a cross

sectional Higureol slastjae endssesentiohaltviewofaf coampaosifposipeccetding taea diwstdi ng t o
a third enbodi nent. of the invention. Figure 9 shows a cross sectional view
of a comsiment of the)iryepsiesi ng to a fourth enbodi nent of the invention.

{1 7th. enbatee S50 e SRHASHE or EiaeeTa STERBIE TR CrosS Secti onal view
of a CoNPOgiiLeress {d Pp@SHREEN MBichPofthe composite strip shown in Figure 1.

Figure 4 is a perspective view of a helically wound composite pipe wound
from the profile shown in Figures 1 and 3.

Figure 5 shows a part-sectional view of the pipe of Figure 4 revealing the
reinforcing element.

Figure 6 is a perspective view showing the reinforcing element being
introduced to the profile.

Figure 7 shows a cross sectional view of a composite strip according to a
second embodiment of the invention.

Figure 8 shows a cross sectional view of adjacent convolutions of a composite
strip according to a third embodiment of the invention.

Figure 9 shows a cross sectional view of a composite strip according to a
fourth embodiment of the invention.

Figure 10 shows a cross sectional view of a composite strip according to a fifth
embodiment of the invention.

Figure 11 shows a cross sectional view of a composite strip according to a
sixth embodiment of the invention.

Figure 12 shows a cross sectional view of a composite strip according to a
seventh embodiment of the invention.

Figure 13 shows a cross sectional view of a composite strip according to a
eighth embodiment of the invention.

Figure 14 shows a perspective view of a spool drive assembly for use with

embodiments of the invention.



si xth enbodi nent of the invention. Figure 12 shows a cross sectional view
of a conposite strip according to a seventh enbodi nent of the invention.

Fi gure 13welainso2as cr oss sectional view of a conposite strippTad®eodicng to a
ei ght h enbodi nent of the invention. Figure 14 shows a perspective view of a
spool drive assenbly for use with enbodinents of the invention. WO

03/ 089226 PCT/ AU03/00461 9 Referring to Figures 1 and 2, an elongate
conposite strip 10 that is windable to forma helical pipe is shown. The

conposite strip, 10 ri ses el angat e pl asti. strip,11 and .ap, el ongate
netal rei nﬁ%?f@gw té’tcﬁgﬁr‘%?& af!‘ﬁgr?ﬂ Set%@@afp?%% %tﬁpslopt@ﬁﬁléd'}“ﬁgﬁgleotp t he

I nventd i t hyl al-tho : S Uint : { .. used.
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14. A stRp Yl ahtitah AbnkSRIWEraMSA{S¥ESHHHPBO! ITheslbétiORseROrfiie] ect s upwar d
fromthe base portion 12. In this enbodi ment, ‘each rib portion 20

conpr ieswsodineait of tie jrereatibalis palyeshylege altbodgh ptler suitablecplagtingtrhaybee al ong
t he base portion 12 to define a length wise extending slot 23. The slot 23
i s si 288dand shaped to snugly receive the reinforcing strip 30 as shown

best in Figure 2. A bead of plastics 40 is positioned to bridge the gap
bet ween the upper ends of the rib walls 22 and 24 and t hereby en-capsul ate

the rei nf org{Qashé stRip3Pl h&PABhSE Srtion Y Withr-LU Bt BAROSM 104t Ae
reinforcing strip 30 to the environment and thereforeassists in

pr eventlurgite of tasithrwisk exténelifig 1t patioad Repmojects upheaichfrent therbasen array of
three |l engthwi se extending rib ﬂO(tion.s 20 spaced apart across.the width
of thepartiond2ada thisembrdiment, each rib portion 20 comprises a pair o parallel walls

22 and 24 that extend length-wise along the base portion 12 to define a length wise
extending slot 23. The slot 23 is sized and shaped to snugly receive the reinforcing
strip 30 as shown best in Figure 2.

A bead of plastics 40 is positioned to bridge the gap between the upper ends
of the rib walls 22 and 24 and thereby en-capsulate the reinforcing strip 30
completely. This prevents exposure of the reinforcing strip 30 to the environment

and therefore assists in preventing corrosion.

In the first embodiment of the invention, an array of three lengthwise
extending rib portions 20 spaced apart across the width of the strip are provided.
Each rib portion 20 supports a corresponding elongate planar metal reinforcing strip
30. In other embodiments of the invention, more or less ribs and reinforcing strips
may be used. The ribs 20 that support the elongate metal reinforcing strips 30 need
not be continuous. The ribs 20 can be any shape provided they support the vertically

oriented reinforcing strips 30.

Referring to Figure 4, a helically wound composite pipe produced by helically
winding the composite strip shown in Figures 1, 2 and 3 is shown. The joint between
adjacent edges 18 and 16 of adjacent convolutions of the strip is best seen in cross-

section in Figure 1.



Each rib portion 20 supports a correspondi ng el ongate pl anar netal
reinforcing strip 30. In other enbodinents of the invention, nore or |ess
ri bs and weiofsmeé ng strips may be used. The ribs 20 t hatPCIyIPew0e461 he

el ongate nmetal reinforcing strips 30 need not be continuous. The ribs 20
can be any shape provi ded they support the vertically oriented reinforcing
strips 30. Referring to Figure 4, a Rglically wound conposite pipe produced
by helically w nding the conposite strip shown in Figures 1, 2 and 3 is

shown. The jo0int .be en .adj acept edges d 16 qf .adj agent convol utions
of the of riGonBerBEHIEuEs 1Ll bl FeBitat el o oemaidtofER0a) o6

PCT/ A 10, Seonmari [ : i t he

ori en%%ﬁf%ﬁc‘%@%s‘g{r&% rein fg?%?ﬁéggﬁflﬁ%és@g%ﬁf Fllllérléés%ﬁq? Pit6 f)lqtQ tﬁgﬁ??f'ﬁ side 14
of t hesubssetipllytirthahged afte fite wiidifg df thabtrlp tofohandedipé.t The tibe W ndi ng
of the strip to formthe pipe. The rib portions 20 provide support for the

r ei nf op@itions 20 providecGupgrort tulthe kginthreingrstripe 30 piantd¢wlgrlyfduring ther i p 10.

During winding of the strip 10 tao form.a helical pipe,, the reinforcing
strips 15 8% Bt DuHngvading of tha s 1 o -BrEhelical pinen trip 10.

st RS _ SUHIREPIY Wrgrsvel et
por 1 oatgiyifle S5 BeXell kBt 4 pidSpbRaRLAS RPLIseRS (b Bci ng

si dewaisis 2RGscs PAELISAdIBEMBASR Pthe FiRfoRtiAG!skEpSB0. Phd #ib pirlibhe 28 asdioms an
arc-shaped portion of a reinforcing nenber 30 after it has been bent to

wi nd timeprpiv eatisg twreinfoFciggrsérigs 3Gnelldpsingsislevfayb avdl tongrdtherlmse of
illustrated. It is inportant that these areas of buckling are either

non- exinefEatticstripdiZat i vel y small. |If excessive buckling is present, the
ability of the pipe to withstand radial crushing |loads is conpron sed.

Figure 5 shows an arc-shaped portion of a reinforcing member 30 after it has
been bent to wind the pipe shown in Figure 4. Small areas of buckling 32 are

llustrated.

It is important that these areas of buckling are either non-existent or relatively
small. If excessive buckling is present, the ability of the pipe to withstand radial

crushing loads is compromised.

It is also important to keep the mass of the profile to a minimum while at the
same time maintaining the performance criteria to ensure material costs are

minimised.

The dimensions and shapes of the plastic strip 12 and the elongate metal
reinforcing strips 30 can be varied to suit the diameter of the pipe to be wound. The
below table shows a range of configurations suitable for pipes of internal diameter

ranging from 300 to 600 millimetres.



It is also inportant to keep the mass of the profile to a m nimumwhile at
the sanme tinme maintaining the performance criteria to ensure nateri al
costs arewormnsImReed. The di mensi ons and shapes of the pl aswiavosnedep 12 and
the elongate netal reinforcing strips 30 can be varied to suit the

di aneter of the pipe to be wound. The below table shows a range of
configurations suitable for pipes of ;internal dianeter ranging from300 to
600 mllinmetres. WO 03/089226 PCT/ AUO3/00461 11 Internal Steel Height to
Steel Height No. of Steel Steel D aneter Thickness Thi ckness nm bands
Material mm MnmRatio 150 0.6 4 6.7:1 3 CA3 SNG 300 0.6 12 20:1 3 CA3SNG

6 oo 6kl 20 Tt cual sl SEBEETT o\ Grg g T7S050 16/ 19:1
3 CA3 MNem&a2h 1. Ghidnkds 1 PRickn&ssld 107 3 SN% 1050(1 19
19:1 |3 CA3SNG 1200 1.2 19|16: lnida CA3| SNG bands Material

mm Mm Ratio

150 0.6 4 6.7:1 3 CA3 5NG

300 0.6 12 20:1 3 CA3 SNG

375 0.6 12 20:1 3 CA3 SNG

450 0.6 14 23:1 3 CA3 SNG

525 0.6 16 27:1 3 CA3 SNG

600 0.8 16 20:1 3 CA3SNG

675 1.0 16 16:1 3 CA3 SNG

750 1.2 16 13:1 3 CA35NG

825 1.6 16 10:1 3 CA3 SNG

900 1.6 16 10:1 3 CA3 SNG

1050 1 19 191 3 CA3 SNG

1200 1.2 19 16:1 3 CA3 SNG

CA3 SNG: Uncoated cold rolled mild steel.

The height, thickness and number of steel reinforcing bands used are variables
" that influence the stiffness of the wound pipe. With pipes of larger diameter, the
: contribution of the plastic to the stiffness of the pipe is relatively small (<10%). With
. pipes of smaller diameter the contribution of the plastic to the stiffness of the pipe is
“higher (approximately 30% for a pipe having internal diameter of 300mm).

The height to thickness ratio of the reinforcing strips 30 are important for a
number of reasons. Reinforcing strips having a high height to thickness ratio are
preferable from the point of view of pipe stiffness and efficient use of material but
this must be weighed against the instability that may result. Instability may cause
the reinforcing strips 30 to collapse sideways towards the base of the plastic strip 12

or may cause excessive buckling (buckling is illustrated in Figure 5).



CA3 SNG Uncoated cold rolled mld steel. The height, thickness and nunber
of steel reinforcing bands used are variables that influence the stiffness
of the wowpd3pspes Wth pipes of |arger dianeter, the comrCridiwsioewtof the
plastic to the stiffness of the pipe is relatively small (<10%. Wth

pi pes of smaller dianeter the contribution of the plastic to the stiffness
of the pipe is higher (approxinately,30%for a pipe having internal

di aneter of 300mr). The height to thickness ratio of the reinforcing strips

30 [ tant f nb f : i nf [ tri [ hi gh
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tiff .and_ effici . f .mat.erjal. but hy ' d i nst
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stri p%x«?&sﬁz%,ﬁ&éﬂlﬁ?i%rﬁbf@ﬁ@él _towards the base of the plastic strip 12 or
may cause excessive buckling {buckling is illustrated in Figure 5). WO

03/ 089226 PCT/ AU03/ 00461 12 Selection of a steel with the optinmum Young's

modul us (or tensile nodulus) and 'éi eld strength for this application is
al so i npor With thewange 9f prodiles dessgbpd in theghadatable, apd skith agih RoFAI

likely,. Wth th f fil d i bed..n.th | ith
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reinforcing, elongate planar reinforcing strips constructed from ot her
materials may be used. The addition of the reinforcing strips 30 to the
pl asti ¢ st rAlphaughcthre ethbodiumsentslescribed ahove bises sterl rpﬁ%@mngz elotgaly of the
pi pe. The conposi.te strips descrjped above can . further incorporate other
el enerﬂ-[%n%rdeFFfﬁF%Ug SRS I??"é%ﬂeéi gﬁmﬂ e MatRHAlRINAY ﬁluﬁ‘ég For instance,
| am na of fibre fabric (eg glass fibre), plastic or steel may be provi ded
to

The addition of the reinforcing strips 30 to the plastic strip 12 can also assist in
improving the pressure rating of the pipe. The composite strips described above can
further incorporate other elements to improve the pressure rating of the wound pipe.

| For instance, lamina of fibre fabric (eg glass fibre), plastic or steel may be provided to
improve the pressure rating of the pipe. Any material having a Young’s modulus
and strength that exceeds that of the plastics material of the strip can be used. The
lamina may be incorporated into the profile (strip 12) in any suitable way. For
instance, the lamina may be welded to the base of the strip 12 or may be cross-head

" extruded into the base of the strip 12.

Improved interlocking edge features may also be provided to enhance the
pressure rating of the pipe. Examples of profiles constructed for high-pressure

" applications are shown in Figures 7 through to 13.

Referring to Figure 7, a second embodiment of the invention is shown where
the composite strip 10 is extruded from PVC. A mechanical lock is provided by a
male edge member 16 and a female edge member 18 formed from the plastic strip 11.
Reinforcing strips 30 of the type described above are also provided. This profile is
| cross head extruded encapsulating the reinforcing strips 30 as the composite strip 10



i nprove the pressure rating of the pipe. Any material having a Young's
nodul us and strength that exceeds that of the plastics material of the
strip carwbe3wsede The |am na nmay be incorporated into tReTwBOO4E1(Strip
12) in any suitable way. For instance, the lamna my be welded to the
base of the strip 12 or may be cross-head extruded into the base of the
strip 12. Inproved interl ocking edge %eatures may al so be provided to
enhance the pressure rating of the %) pe. Exanples of profiles constructed

f hi, gh- | i [ in Fi hr o 13.
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al so vided. “This profile is “cross head extruded ‘encapsul ating the

r ei nf dritel aielsdal piise, IRisgaofikecangpporsdd & high presi@raifipe 3tii8bRZ6r PCT/ AU0O3/ 00461
13 is produced obviating the need to add a sealing bead as previqusly

descr ichadeying fluids wadso pressirg: o ibeugle adjagent Qwog%@&%ﬁm% dixectlyne strip

11. The | am na,50 has, a, hi Young' s dul us,and st,rength t.h t PVC
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t hi ckiggendlfprebaurgb.asti ¢ and design of the mechanical lock formed by

adj acent edges 16 and 18 ensures that the pipe is able to w thstand
significant internal pressures. Figure 8 shows a cross sectional view of

(vo 20 ey CovaLULLone oL SIS L SLAl PR Reser gt e 1

pol'y eté&%}?&?te%ﬁ ‘16%%311&111@ td & tREY R IdIh RS bF hPRRERRBE. FHis composite
strip 10 comprises a polyethylene extruded strip 11 having three rib portions 20
extending from a base portion 12, each rib portion 20 supporting a reinforcing strip
30. A fourth rib portion 21 supporting a fourth reinforcing member 31 is also
provided. The location of the fourth rib 21 and reinforcing strip 31 is at the edge of
the profile to strengthen the wound pipe along the gap between the lamina of

adjacent convolutions. This gap 54, is shown in Figure 8.

By providing reinforcement on top of the lock between adjacent convolutions
of the composite strip and over the region where the lamina is discontinuous, a pipe

capable of withstanding high pressure can be produced.

A fourth embodiment of the invention is shown in Figure 9. This embodiment
of the invention is similar to the third embodiment of the invention except instead of
providing an additional rib and reinforcing member over the joint area, the female
lock section has a thick wall to provide the pressure capacity where the lamina is

discontinuous.



extending froma base portion 12, each rib portion 20 supporting a
reinforcing strip 30. Afourth rib portion 21 supporting a fourth

rei nforciwgosmsdze¢s 31 is also provided. The |ocation of wPog/Awanedirib 21
and reinforcing strip 31 is at the edge of the profile to strengthen the
wound pi pe along the gap between the | am na of adjacent convolutions. This
gap 54, is shown in Figure 8. By proiéidi ng reinforcenent on top of the |ock
bet ween adj acent convolutions of the conposite strip and over the region
where the lampa is discontinuous, a pipe capable qof w thstanding high
pressure cadnfifl eppkpdisant OAthQ)’t!iW?ﬁtl@ﬁﬁ%%h“?f@ﬂtm%fgl%rﬁémi {1%n i s shown in

Fi .. Thi mhodi . of..the | ' ' i i, &
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and 1 eiiER 1S REnIBARGE dRUSHLARSUd. 0l Nt area, the female |ock section has a

thick wall to provide the pressure capacity where the lamna is
di sconti nuous. WO 03/089226 PCT/ AU0O3/00461 14 A fifth enbodi nent of the
invention is shown in Figure 10 where no_ addjtjonal_feat rﬁg are provided

bet ween adjfnsixth cmbediment of fhednvensian isshevwar BaFigrre hhi With #Hs | ani nae are
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the e ot iR e profile as illustrated. A seventh enbodi nent of
the i %%H?(?%% algg'lhg tg%%ﬁi n Figure 12. This enbodi nent of the invention
differs slightly to the above-descri bed enbodinent in that the additional
lam na 55 is inserted during the pipe w nding process. A final enbodi ment
of the invehséwenthendaslimenhofihginzention iy showninFigaweddi dbit of t he

inventign, a conti,nuous lamna is either cross head extruded.,in ..
emboditent of the mvention differs shgh;dyeto thie above-dascribed embodintent in

that the additional lamina 55 is inserted during the pipe winding process.

A final embodiment of the invention is shown in Figure 13. With this
embodiment of the invention, a continuous lamina is either cross head extruded in

the profile base 12 and edge locking areas or is welded to the base after extrusion.

Other embodiments of the invention may be provided with the lamina either

bonded to the base of the strip 12 or embedded within the base of the strip 12.

Materials having directional properties may be used as or within the lamina.
For instance, orientated plastic film strips that are strong in a longitudinal direction
and weak in a transverse direction may be used. Such strips may improve the

“hoop” strength of the wound pipe.

Plastic film strips that are strong in a transverse direction and weak in a

longitudinal direction may also be used.

In some applications it will be desirable to form a lamina from two (or more)
plastic film strips that are strong in mutually orthogonal directions thereby resulting

in a composite of high strength in all directions.



the profile base 12 and edge | ocking areas or is welded to the base after
extrusi on. Qther enbodi nents of the invention nay be provided with the

| am na eiwbaes/osf2ohded to the base of the strip 12 or enbeaddEhuanéien t he
base of the strip 12. WMterials having directional properties may be used
as or within the lamna. For instance, orientated plastic filmstrips that
are strong in a |ongitudinal di recti(i? and weak in a transverse direction
may be used. Such strips may inprove the "hoop" strength of the wound

i pe. Plastic fil tr.i t hat . t |1 t di t d
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15 Exanpl es of suitable materials having directional properties’include

hi ghl ystrestgtlet ched pol yol efi n sheet. Such sheets have a high proportion of
nol ecules orientated in the sane direction which provides a high Young's
nodul us and yield strength. Currently, helically wound conposite pipes are

formed i n il Lio5 808005 A @S SEELAldnc8 cBLAS) LS adNade extruded

wthin af ory ehviron woun a spoo or transport.

The _exé]gféfgﬁgns%t(Gieﬁeﬂaﬁy%ﬁﬁﬁsﬁ&vﬁﬁjﬂisfe&%deﬁhﬁitjﬁﬁpﬁac%}? ARSEREnSAY AUDN a
wi ndi ng machi ne that tan also be“located within a faCtory or alternatively

can bdsltheatvedinat onttbe spicod fovhiearspdre Theektrpdedsirip isabhen nedvourtd frainh y,
el ongate steel reinforcing strips are rolled onto the newy nd pipe. In

many dpgispeal sk passeddhseegh a manding mlaghing thrpeamnaleo pedogaspd \gét 83 radius
appr xR ng et 0l B BELSSRL ¥ RUAd BhaSthe PG et o Brd ey are
Finally, elongate steel reinforcing strips are rolled onto the newly wound pipe. In
many applications, the steel reinforcing strips are pre-rolled to a radius
approximating that of the helically wound plastics body before they are introduced
onto the outside of the plastics pipe to form a composite pipe with a requisite

stiffness. The pre-bending of the reinforcing strip is required where reinforcing

members have a high degree of stiffness through the relevant bending axis.

The process of forming a helical pipe from the profile described above with
reference to Figures 1, 2, 3, 5 and 6 is simplified since the reinforcing members 30 are
introduced into the strip at an early stage of manufacture and before the pipe is

wound.

A method of constructing a composite strip 10 windable to form a helical pipe
is shown in Figure 6. A plastics strip 11 is extruded having a substantially flat sided
base portion and an array of parallel spaced apart length wise extending rib portions
20 upstanding from the base portion 12. Next a plurality of elongate metal
reinforcing strips 30 are introduced the rib portions 20. The reinforcing strip 30 has a
height to thickness ratio of at least four to one and is orientated substantially
perpendicular to the flat side 14 of the base portion 12.



onto the outside of the plastics pipe to forma conposite pipe with a

requi site stiffness. The pre-bending of the reinforcing strip is required
wher e reiwbososnge nenbers have a hi gh degree of stiffnesecCrnuwagouet he

rel evant bending axis. The process of formng a helical pipe fromthe
profile described above with reference to Figures 1, 2, 3, 5 and 6 is
sinplified since the reinforcing ne s 30 are introduced into the strip
at an early stage of manufacture and before the pipe is wound. A nmethod of
constructing, a

.conposite strip 10 windahle,tp forma helicgl pipe is shown
in Figure 6INQAINIHL{qRg °§E1F%G|SB&8 step @?@FPEE‘&&BH% PR Mﬁgﬁ“i y flat
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portionéwgo. The reinfﬂﬁtiﬁz st¢ép 30 hgs a heigﬁ?ﬁto thickﬁess rati o of
at | easttriided ohw ivedops of tlee 16Gb pentians?0 sdrshpatiase the repeiopeingistiips30.t o t he

flat side 14 of the base portion 12. WO 03/089226 PCT/ AU03/ 00461 16 The
i ntroducing or inserting step described above occurs while the plastic

strip is lyi ubst anti.ally flat. The reinforcing.stri arg knserted
Strabgh w engErer RGHDstnthing rar Py LR aHYP BrtBRe 2oug e oun i n
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encapsul'ate the reinforcing strips 30. A further nethod of constructing a
conposéetoss-$icad plievividadtile tvwo hertarialshed irdagrated peoicheaenipdditevmrofil, ast i cs
material and _steel strip are introduced into an _extrusion cross-head die
wher e $4 asiderrmpgsiestrip dlesenilest abeve and showe in digyae Bt & onapedite striBuch as
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2) would not be required -
instead, the cross-head extrusion die could be designed such that the steel strip exits

the die completely encapsulated with plastics material.

Having produced a composite reinforced strip, it is possible to directly wind
that strip into a helically wound pipe such as the pipe shown in Figure 4 or

alternatively, the strip can be rolled onto a spool for later use.

The ability to roll the composite profile onto a spool for transport provides a
number of advantages. For instance, a single spool can be transported to the field
and positioned adjacent a pipe winding machine located where the final pipe is
required. Composite pipe can then be helically wound in a single operation without

the need for large amounts of specialised equipment.

In order to be able to spool the straight composite strip 12 withut the steel
reinforcing strips 30 buckling it was necessary to develop a new method of spooling.
Existing conventional spooling methods create a strip path that reverse bends the
strip and then straightens it prior to the strip going onto the hub of the spool. The
spool is rotated about a horizontal axis with the strip being fed to the top or
upperside of the spool. For plastic strips without steel this method is satisfactory.



i nstead, the cross-head extrusion die could be designed such that the steel
strip exits the die conpletely encapsulated with plastics material. Having
produced wOmanpzé t e reinforced strip, it is possible to acradatBgosst nd

that strip into a helically wound pi pe such as the pipe shown in Figure 4
or alternatively, the strip can be rolled onto a spool for |ater use. The
ability to roll the conposite profilei7onto a spool for transport provides a
nunber of advantages. For instance, a single spool can be transported to

the field and positioned adjacent, a,pi.pe w ndi.n chi.ne | ocated where the
fi nal ﬁ%«@‘f@% whe thee de SteslAsouPreng i HiecstHPY frun b s ot Wta\tng%?ﬁj“i n a
single i i A for | arge anounts of specialised

equi pn%aﬁ'fgs’gﬁleSgge&\gfzfr{fgy%“egggﬁ%ﬂﬁgﬁsebool the straight conposite strip 12

wi thut the steel reinforcing strips 30 buckling it was necessary to

devel op a new net hod of spooling. Existing conventional spooling nethods
create a stFigprei4 howata spevkdsivessesblyHO0 detvelqpednior speolisg staelght ens i t

prior tQ the strip going onto the hyb of the spopol. The, spool is rotated
about EHFRErFesoearaPosg sirig 1y Thespe ilﬁlweﬁworf%di{%rm?@%% a ypper si de

of th \ asti.c str.i i th sieeh. 1 hi } | sfactory.
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the styii@h dfths spBSPOHUDS A@Péncﬂ@éstpﬁkli&ﬁnﬁffc gﬁlmdé‘qq@%rixfiﬁg%ea?ﬁod einf or ci ng
30 to buckle. Figure 14 shows a spool drive assenbly 100 devel oped for
spool i drjves #elstripgjuifledt@dadoamd$ortle. strip 10. The spool 101 is supported
for rotation about a horizontal axis 102. A strip guide 110 is provided to
distribute the strip 10 across the wdth of the spool's hub. An endl ess

back and 1 of b strod feReBRed (e gpintblot Tnpara i AUt 1
and sheyRad 8 sfrlPPE#h that minimises any load applied to the strip that could cause

buckling. The strip path onto the spool 101 with this arrangement is a straight path

to the bottom or underside 103 of the spool with the ribs facing down and hence the

base portion 12 facing up allowing the strip to be bent in the correct orientation on

the spool (ribs facing outwards, as they do in the wound pipe).

The method of controlling the speed of rotation of the spool 101 developed for
this new method relies on the tension in the strip 10 (torque on the motor). In
addition to changing the spooling methods, the optimum spool hub size needs to be
selected to prevent the ribs buckling during the spooling process. An initial hub size
of 450 mm was trialed which was suitable for some of the steel thicknesses, however
as the steel becomes thicker and taller the hub size needs to be increased. For the
current strip 10 made for pipes up to 750 mm in diameter, a hub size of 1000 mm is

required.

The profiles of the second to eigh\th embodiments of the invention as
illustrated in Figures 7 to 13, can be constructed using the method described above
for the profile of the first embodiment of the invention as shown in Figures 1 to 6.

The lamina can be introduced in a separate step after the strip has been extruded.



14 has a strip path that mnimses any | oad applied to the strip that could
cause buckling. The strip path onto the spool 101 wth this arrangenent is
a strai ghwopaws9226 o t he bottom or underside 103 of the sp®cll/Atiosho46he ri bs

faci ng down and hence the base portion 12 facing up allowing the strip to

be bent in the correct orientation on the spool (ribs facing outwards, as

they do in the wound pipe). The neth g of controlling the speed of rotation
of the spool 101 devel oped for this new nethod relies on the tension in
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enbodi nents of the invention as illustrated in Figures 7 to 13, can be
const ralbiush mediiratings wetlHpdtshsspei bed above for the profile of the first
enbodi nent of the invention as shown in Figures 1 to 6. The |Iam na can be
introduced in a separate step after the strip has been extruded. WO

03/ 089226 PCT/ AU03/00461 18 Wiile the present invention has been descri bed
internms of a preferred enbodinment in order to facilitate better
understanding of the invention, it should be appreciated that various
nodi fi cati ons can be nade w thout departing fromthe principles of the

i nvention. Therefore, the invention should be understood to include al
such nodifications within its scope. W 03/089226 PCT/ AU03/00461 19




THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A conposite strip

w ndable to forma helical pipe, the conposite strip conprising: an

el ongat e whaswsxr2s6tri p having a base portion and at | east pcmaUoghw Se
extending rib portion upstanding fromthe base portion; and an el ongate
reinforcing strip extending | engthw se and supported laterally by the rib
portion, the reinforcing strip havingga height to thickness ratio of at

| east three to one and orientated sugstanti ally perpendicular to the base

porti er el ' 1.C pi reinforcing strip

rei nf gﬂéﬁﬁfﬁmﬂmﬁﬁ%ﬁﬂﬁ%ﬁ%@ﬁ& ég‘i&ﬂ};wi conposite strip as
claimed in claiml wherein said height to thickness ratio is at |east four
to one. 3. A conposite strip as clainmed in either of claims 1 or 2 wherein
the rilb porAicempdditbistigs winteblgtibbsa adrdliwabipipg, tHeotornposite stiipt he :
reinforcing strip is retained, the strip being laterally supported by the
wal | s eoimpm#Eng] ot. 4. A conposite strip as clainmed in claim3 wherein the

rib portion c ri se . pair, of parallel walls.extending,|engthw se al ong
he base pom AoRatRasis SfiodaNiad A base preiitanad o e oY engHiivive

per pengdi . i it trip as claimed in claim
4 V\hep%lt%[{%lﬂg r%%?%{{gorrglﬂﬁgtaggﬁgpﬁ%ﬁgﬁts ?%%@’aagﬁis has a |l ength which is
Co- ext ensi vy %h?afél%irﬁb?@hg 6trfs Extendfhg BngEHPRS iainel éiipiio@tedslaférélldjﬂbgi in
claim5 wherein the reinforcing strip is conpletely encapsul ated so as to
pr eventheeitppstiion, the tdinfanirigrstnpiayingheioso fricknap/ratio of eblegst three 7. A

conposite strjp.as clainmed in._claim®6 wherein tl?lg‘é | astic strip has an
array tosma & ?ﬁ%@@i&‘@ﬁ@i‘%ﬁ’sﬂ’@ﬁ’@éﬁr& othg $PPHH%H'S paced apart
across the ‘Whglte%,%hen wound into a helical pipe, the reinforcing strip reinforces the

pipe against radial crushing loads.

2. A composite strip as claimed in claim 1 wherein said height to thickness ratio

is at least four to one.

3. A composite strip as claimed in either of claims 1 or 2 wherein the rib portion
defines a lengthwise extending slot in which the reinforcing strip is retained, the strip

being laterally supported by the walls of the slot.

4. A composite strip as claimed in claim 3 wherein the rib portion comprises a
pair of parallel walls extending lengthwise along the base portion, the parallel walls

orientated substantially perpendicular to the base portion.

5. A composite strip as claimed in claim 4 wherein the reinforcing strip is

continuous and has a length which is co-extensive with the plastic strip.

6. A composite strip as claimed in claim 5 wherein the reinforcing strip is

completely encapsulated so as to prevent exposure to the environment.



the strip, each rib portion supporting an elongate reinforcing strip. 8. A
conposite strip as clained in any one of clains 1 to 7 wherein the

rei nforciwgosnsdzpe i s constructed fromnmetal. 9. A conposi PETSU0BP04aS
claimed in claim8 wherein the reinforcing strip is constructed from
steel. 10. A conposite strip windable to forma helical pipe, the conposite

strip conprising: an elongate plasthg strip having a base portion and a
| engt hwi se extending rib portion upstanding fromthe base portion; an
el ongate planar reinforcing strip extending | engthw se and supported by
the rib portion, the reinforcing strip having a height to thickness ratio

of 3t 7 east Lht el 8uflS, A 08 Lenk Abed MRS 3L LAl AR REDAA GHlgy (0 the

base portion, LY antha extendi n Wse a o the

base Rﬂﬂéﬂ%ﬂwi&@&tehéﬁ‘ig’@ohﬁ)‘f}\xﬁh% giibzﬁcﬁlﬁ%hs ¥phad spdrededods tian@idihramgt h t han

t hose of the plastic strip, when wound into a helical pipe, the

r ei nf dhe strip,sach pibr porticar agporting phmdormgrde neinfomihigstripr ushi ng |1 oads and t he
| am na i nproves the pressure rating of the pipe. 11. A conposite strip as
clainmed in claim210 wherein said height to thickness ratio is at |east

four tpo one, 12 A.copposite.strip_as claj.ned | i r ains 10 or 11
V\hereigg theAFPH‘POSg?tS aa&‘r%ffﬁéé a@gﬁéfr?vﬁ%gaémes%%néﬁﬁsréﬁ%@i n which the
reinf %ﬁ{fgﬂjiﬁég{rpp IsSeorBh@chRromitAgia3t ri p being laterally supported by the
wal I s of the slot. WO 03/089226 PCT/ AU0O3/ 00461 21 13. A conposite strip as
claimed in claim212 wherein the rib portion conprises a pair of parallel
wal I s extendi ng | engthwi se al ong the base portion, the walls

A composite strip as claimed in claim 8 wherein the reinforcing strip is

constructed from steel.

10. A composite strip windable to form a helical pipe, the composite strip
comprising:

an elongate plastic strip having a base portion and a lengthwise extending rib
portion upstanding from the base portion;

an elongate planar reinforcing strip extending lengthwise and supported by
the rib portion, the reinforcing strip having a height to thickness ratio of at least three
to one and orientated substantially perpendicular to the base portion; and

a planar lamina extending lengthwise and bonded to the base portion, the
lamina having a higher Young’s modulus and strength than those of the plastic strip,

wherein, when wound into a helical pipe, the reinforcing strip reinforces the

pipe against radial crushing loads and the lamina improves the pressure rating of the

pipe.

11. A composite strip as claimed in claim 10 wherein said height to thickness ratio

is at least four to one.

12. A composite strip as claimed in either of claims 10 or 11 wherein the rib
portion defines a lengthwise extending slot in which the reinforcing strip is retained,

the strip being laterally supported by the walls of the slot.



orientated substantially perpendicular to the flat side. 14. A helically
wound conposite pipe produced froma conposite strip, the conposite strip
conpri si NyO oasekeongat e plastic strip having a base porti @aTtAt@s/0641 s t he
i nside of the wound pipe and a | engthw se extending rib portion upstandi ng
fromthe base portion; and an elongate netal reinforcing strip extending

| engt hwi se and supported by the rib2?ortion, the reinforcing strip having
a height to thickness ratio of at |east three to one and orientated
substantial ]y perpendi cular, to the base pohtion rein the orjentation of

wh
the reldhf orle CABPOSHE Stijp ah clagggd dp clagmlgaw s&eénﬁbff{lﬁdwrﬂ%ﬁamglses a

subst ant.i a} | n d, after t i Nd} N t he pi pe.
15. A pal%g% %%ragFg{}%ngg%?dﬁngﬁ %é %@%@%&%%%&%ﬁ T&ﬁf’ plt%]j”l%t {lsigz ness ratio is
at | easdenth@HlsubBtRR1l ]Iﬁer AnBicARir3s tied Ahi@del n ei ther of clains 14 or 15
wherein the reinforcin St?lp is continuous and has a length which is

co-extensive with the pipe. 17. A pipe as clainmed in any one of clains 14
to 16 wherein the reinforcing strip is _constructed fromnetal k 18. A pipe

as cl al4red A helirallrworngheaapesitapipe graduced Hgnye copposite s thet ed from

st eel .C19. A hel.icall y.wound conposite pipe produced froma conposite
strip, “THROS cﬁiﬁB&o ¥P8p conprising: WD 03/ 089226 PCT/ AU0O3/ 00461 22 an

el ongate pl aaﬁabﬁgﬁerr%&lasﬁ@é&i@%ﬁzmg_ﬁ%aeéfabh%h tatofAs Me tBRlei dFhde of the
wound pi pe and a“l engthw se“extending rib portion upstanding fromthe base
por ti owpund pipe and a lengthwise extending rib portion upstanding from the base
portion; and
an elongate metal reinforcing strip extending lengthwise and supported by the
rib portion, the reinforcing strip having a height to thickness ratio of at least three to
one and orientated substantially perpendicular to the base portion,

wherein the orientation of the reinforcing strip with respect to the base portion

remains substantially unchanged after the winding of the strip to form the pipe.

15. A pipe as claimed in claim 14 wherein said height to thickness ratio is at least

four to one.

16. A pipe as claimed in either of claims 14 or 15 wherein the reinforcing strip is

continuous and has a length which is co-extensive with the pipe.

17. A pipe as claimed in any one of claims 14 to 16 wherein the reinforcing strip is

constructed from metal.

18. A pipe as claimed in claim 17 wherein the reinforcing strip is constructed from

steel.

19. A helically wound composite pipe produced from a composite strip, the

composite strip comprising:



an el ongate planar reinforcing strip extending | engthw se and supported by
the rib portion, the reinforcing strip having a height to thickness ratio
of at | eawD0Bls®Les to one and orientated substantially perpeEmdiosndsmt to the
base portion; and an el ongate planar |am na extending | engthw se and bonded
to the base portion, the |lamna having a higher Young's nodul us and
strength than those of the plastic Zﬁrip, wherein the orientation of the
reinforcing strip with respect to the base portion remains substantially
unchanged after the winding of the strip to formthe A pi pe as

i ..,20.
cl ai med i nag elengate plrssicatrp Aaymeeh baseipeision thahforsgs | gre‘?’igzﬁioﬁéh%r e not
di tly bonded t theyr. .21, A pi . L ai in.clai i id
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in eithefroRf clains 20 or 21 wherein the reinforcing strip is continuous

and has a length which is co-extensive with the pipe. 23. A pipe as clained
in any one aofelchgateplditar reirddraidie sieipextbndirg) lehgtlovisg antsupposteddgnst r uct ed
fromnetal . 24. A pipe as claimed in claim23 wherein the reinforcing strip

i s corbe rilapastiony Bia renfesring 381p hawiig height inptineknesrprii ebatdep¥ thrduced
pcr) adpsraoneir ottt B bl R BRI or ti on ¢ hat
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ad] aceiirtiba, Me lantieghating 4 Righbe Youlg’s modulus and strength than those of the
plastic strip,
wherein the orientation of the reinforcing strip with respect to the base portion

remains substantially unchanged after the winding of the strip to form the pipe.

20. A pipe as claimed in claim 19 wherein adjacent convolutions of the lamina are

not directly bonded together.

21. A pipe as claimed in claim 20 wherein said height to thickness ratio is at least

four to one.

22. A pipe as claimed in either of claims 20 or 21 wherein the reinforcing strip is

continuous and has a length which is co-extensive with the pipe.

23. A pipe as claimed in any one of claims 19 to 22 wherein the reinforcing strip is

constructed from metal.

24. A pipe as claimed in claim 23 wherein the reinforcing strip is constructed from

steel.

25.  Ahelically wound composite pipe produced from a composite strip, the

composite strip comprising:



portion; and an el ongate planar |am na extending | engthwi se and bonded to
the base portion, the | am na having a higher Young's nodulus and strength
t han t hoswooB/0shee plastic strip. 26. A pipe as clai ned i RCElAioan@B1 wher ei n
adj acent wound convol utions of the |lamna of the pipe are not directly
bonded together. 27. A pipe as clainmed in claim26 wherein the reinforcing
strip is constructed from netal. 2823A nmet hod of producing a helically
wound steel reinforced plastics pi pe conprising the steps of: extruding a

Bé?fibﬁsuﬁé%faéét'aﬁa%av' BHicHRD A %933% RO o ORISR BAE st 1 al ght
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subst rhghly per pendi cul ar to the base portion, thereby producing a

strai ght conposite strip; helically winding the conposite strip; and

inter- engagm“@oh?eteadirfimtﬁg sttigesxtefding] atjacent toov ditegiabnetlothddie strip so
as to forma helical pipe. 29. A nethod as clainmed in claim28 wherein the
rib deFh@ﬁqﬁ@dextruded to define a |engthw se extendlng sl ot shaped
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i'enfate stan per pendi cul ar to the base.
plastic strip.

26. A pipe as claimed in claim 25 wherein adjacent wound convolutions of the

lamina of the pipe are not directly bonded together.

27. A pipe as claimed in claim 26 wherein the reinforcing strip is constructed from

metal.

28. A method of producing a helically wound steel reinforced plastics pipe

comprising the steps of:

extruding a plastics profile having a base portion and a lengthwise
extending rib portion upstanding from the base portion;

introducing an elongate straight edged reinforcing strip into the rib
portion, the metal strip having a height to thickness ratio of at least three to
one and orientated substantially perpendicular to the base portion, thereby
producing a straight composite strip;

helically winding the composite strip; and
inter-engaging the adjacent edges of adjacent convolutions of the strip so as to

form a helical pipe.

29. A method as claimed in claim 28 wherein the rib portion is extruded to define

a lengthwise extending slot shaped support the reinforcing strip.



31. A nethod as claimed in claim30 further conprising the step of
encapsulating the reinforcing strip. 32. A nethod as clained in claim 31
wher ei n twe oaxngn2eeli ng and i ntroduci ng steps occur toget h@CTiAvodoewnss- head
extrusion die. 33. A nethod of producing a helically wound steel reinforced
pl astics pipe conprising the steps of: extruding a plastics profile having
a base portion and a | engt hw se exté ding rib portion upstanding fromthe
base portion; and introducing an elo 3ate nmetal reinforcing strip into the
strip_having.a height to thickness ratio of at

b t t
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i nter-engagi ng the adjacen es of adjacent convolutions of the strip so
as to forma helical pipe. 34. A nethod as clained in claim33 wherein the
rib portl on is extruded to defi ne a | engt hwi se ext endi ng sl ot shaped
suppordl- t he meethpdrasidrgmedinglaigs30 Autheheumpgsingdhastep of eicapsiilatingher ei n

t he rhﬁf 8u%'0n is extruded to conprise a pair of parallel walls extending
| engt HAFS $¥P-base portion, the WD 03/ 089226 PCT/ AUO3/ 00461 25

wal | s orientat ed substantial ly perpendi cular to the base. 36. A nethod
according to claim 28 having further steps between the introducing and

hel i cal2.y wAndéthgdsdsefimedria daibi Beivlttrepsthe@ipiuldsng gind introducing steps

occur together in a cross-head extrusion die.

33. A method of producing a helically wound steel reinforced plastics pipe

comprising the steps of:

extruding a plastics profile having a base portion and a lengthwise
extending rib portion upstanding from the base portion; and

introducing an elongate metal reinforcing strip into the rib portion, the
metal strip having a height to thickness ratio of at least three to one and
orientated substantially perpendicular to the base portion, thereby producing
a composite strip;

bonding a lamina to the base portion, the lamina having a higher
Young’s modulus and strength than those of plastic strip;

helically winding the composite strip; and

inter-engaging the adjacent edges of adjacent convolutions of the strip

so as to form a helical pipe.

34. A method as claimed in claim 33 wherein the rib portion is extruded to define
a lengthwise extending slot shaped support the reinforcing strip.

35. A method as claimed in claim 34 wherein the rib portion is extruded to

comprise a pair of parallel walls extending lengthwise along the base portion, the



directing the straight conposite step to a spool having a hub rotating
about a substantially horizontal axis, with the base portion of the strip
faci ng t wowndensé de of the hub; driving the spool so asPrCe/AIwBbo4she
straight conposite strip towards the spool and so as to wind the strip -~
around the hub of the spool fromits underside; transporting the spool to
a site; and unwi nding the strip fron&ghe spool. 37. A nethod according to
clai m 33 having further steps betweeh the bonding and helically w nding
steps, the further steps conprising: directjng the straight conposite strip
to a ?ﬁ%@Kmﬁﬁﬁﬂﬁéfﬁiﬁﬁﬁﬁm~Yé%?ﬁ%ﬁ%%ﬁﬁ%t%ﬂm% @&t antially horizontal axis,.
with the base portion of the strip facing the underside of the hub; '
driving the spool so as to pull the straight conposite strip towards the

spool zeand sShfRod ac&dra%% fFcl8iah DB ML RIE S skt Belwkbe tisoR@todudng i t s

underside; transporting the spool to site; and unwi nding the strip from
t he spadlhelically winding steps, the further steps comprising:

directing the straight composite step to a spool having a hub rotating about a
substantially horizontal axis, with the base portion of the strip facing the underside
of the hub;

driving the spool so as to pull the straight composite strip towards the spool
and so as to wind the strip around the hub of the spool from its underside;

transporting the spool to a site; and

unwinding the strip from the spool.

37. A method according to claim 33 having further steps between the bonding
and helically winding steps, the further steps comprising:

directing the straight composite strip to a spool having a hub rotating about a
substantially horizontal axis, with the base portion of the strip facing the underside
of the hub;

driving the spool so as to pull the straight composite strip towards the spool
and so as to wind the strip around the hub of the spool from its underside;

transporting the spool to a site; and

unwinding the strip from the spool.



