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to inprovenents to reinforced ribbed structures nd . in ticular to
reinforced or strengthened helically wound pi peﬁé eloDQélde froma
conposite of materials. BACKGROUND It is well known that plastic pipes
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'~ strips. For these pipes to performin a high performance applications, in

order to 3 attain the necessary degree of strength, the wall thickness of

the p | | Wuite substantial, as well as that of the ribs.
Al ter :Eiﬁb@ilfm‘g ' pi pes or tubes can be reinforced with
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a rei @{,B{If,gﬂe BF asdtbAslst ube utilising a reinforcing nenber placed between
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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



6 Cctober 2006 2 increased. The reinforcing nenber conprises a netal
menber h¥XQ WP88226r of il e of U- shape cross-section, the free ends of the'
rei nforci ng nmenber being designed to engage bepeath_op ed flange
formations of a pair of adjacent ribs to thereb§ Qetober; tal stripin
position between the ribs and in turnastiffen the ribs and the finished
pi pe. The applicant's Australian Patent No. 661047 di scl oses an

i mprovenent over the djsclosure of Australian Patent_  No. 60743] referred
to abbyaeasse mﬁpméa@mgmie@hﬁr&quw mﬁhari@wigr bavisg aapnfﬁﬁpgﬁﬁ ng
menber, having a central _bod orgion of inverted U .or, V-shape

O 0o< ShaRY (RS BRAOTRe SRR OHOE drintaRelas BIeoher DEing AESRERR. of the
ri bs whereby the effecti external. di apetes . [ ' | S
ubst SHEREF ook PRPEEH Hhngk ErDBlialt BEX balr (adipfer PRI hereByIBck
wound EPe?E]i | . %’]@Fﬂj En'i’?’; | | e plastic
body iﬂgé)ex ru%ggqgﬁ%%%rﬁb%@& elrca y%% to oﬁﬁg%ép%aﬂgongate

st eel %ﬂ%ﬁepg menbers are separately roll-forned into a profile
providing t required stiffness (such as the inverted U or V-shaped
profiles referred to above). The roll fornmed steel profile is then rolled
to a radius approxi mating that of the helically wound plastics body.
Final ly, tihempylidaatsaustraliiniBatent Non6610:47ndisclopedan imprommbentsoare

wound on to the outside of the plastics pipe to forma _J conposite pipe
of t hthe dipglosure of Austisdien PapertNes 603 neterrgdhtmakovey Thedseprovementosed

in Australi tent Nos. 607431 agnd 661047, the st f | I,i .h t eel
o1 ni 51 BYOY) A8 HEGReRIOR Si98 Pha i Loing Brernlaes BAYInG Aiceatral PecFReEPEs pi pe
' | trai t t,eel | of ' ' ic limt.
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pr opegiibsgntihlly ifcreased. This provides a stiffer pipe.

p—

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 forma J
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 6 COctober 2006 3 An object of the present

i nvent i ow0 a3/¢8923% ovi de certain inprovenents, beyond those disclosed in
the aforesaid Patent Specifications 607431 and 8%‘?45’8 tﬁ)@d ei nf or ced
helically wound plastics tube or pipe, which ar 0OET | o stiffen the
tube or pipe through the addition of reinforcing nmenbers formed of

pl astics material and/or of netal to3thereby produce a conposite plastics
and nmetal structure. It is another object of the invention to provide an

i nproved cAmpsigedteofthe ipResdritdhvEtion R toprodidederaih Smiptboemehtd, begbndi pe
or tube without the neéd for the additiion of a reinfdrcing nmenber during
or af these disclguegeinvihedifopspidBaient Specifisatidisnt07481 andas1047, tohe i nvention
to provide a nethod of producing such a conposite strip. It is yet another

obj ecreinforedrbhpliedlynwoundeplasties tubemrpipdewhichereedfestive po stiffenthea
helically wound, pi pe that _ obviates, the need for pre-ralling the )

rei nf Bibe; %d’lﬁér?héqué’éﬂlﬂ' addifioneo rmrﬁemesmmﬁ@rﬁfﬁwdgmqe%h%ayﬁ%ﬂt he
strip, i S, ye not her obj ect of the esent inventign,to provide a

el | cand4on gk phatal 39 Shekeby ibice B mPoTte RIGRIP G el havi ng
different characteristics so that the resultant or finished pipe or tube
has enhanced properties, and which can be produced at relatively | ow

cost. J Itytiis al6thedHidte bof I BfferPlon tBHRVEEEM ithPYSVEd 8FmpBsité sitigle a
helically wound plastic pipe with a hi'gh pressure rating, ‘that is, a pipe

t hat flateanbdelveoahd fbihsblerittng helitdlpipaioetubé witheat the need forthe ai | ure.
SUMWARY OF THE I NVEN I ON According to a first aspect of the invention
t krﬁ{)eaddiﬁmmmﬁ ateinforcimgnmeiriber sturing onafiertiiepipe winding predéss.alt isialss  t he
co osite_ st rig1 conpri si ng.

an object of

e invention to provide a method of producing 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



an elongate plastic strip having a base portion and at |east one

| engt hwi $¥0 0H9892Kdi ng ri b portion upstanding fromthe base portion; and WO
03/ 089226 6 Cctober 2006 4 an el ongate reinforcing strip . extending

| engt hwi se and supported laterally by the rib ﬁ Gmiw,rwrei nf or ci ng
strip having a height to thickness rajio of at |east three to one and
orientated substantially perpendicular to the base portion, wherein, when
wound into a helical pipe, the reinforcing strip rejnforces_the i.pe

agai nst r aanglongaje reinfoncing stripexeading lenghinyise upperied tﬁtﬁ’@é’g’ P¥tio

I s at t fQur to o Preferably. the ri r{jon defines

| e ne po | engi hwi se
ext enthefgb postion ENOFfiBg STidp Adeghtitp RN st Three
rei nforcin tri ei;ng.lateral |y supported by the 3 walls of the slot.
Pref € %‘?%ﬁ@ﬁ'&%@&%@&@%%ﬁtoo%eﬁ’??ﬁﬂogpoﬂial | s extendi ng
| engt hw se_agl on e b 4l 4 r L . ]
subst ant ; altyreRe BT Grelinbd HhelcBlR Bl fintoRing Bib Py fEs the
rei nf ' : A qj.ﬁgms and has a length which is co- extensive
W th H*e %asﬁlfga%dtlrl p. ngglr.l%bl y the reinforcing strip is conpletely
encapsul ated so as to prevent exposure to the environnent. Preferably the
plastic strip has an array of |engthw se extending slot formng rib
portions sPacfethbipanid heighs to thieknesit fatiofis ahleast fou toemeh rib portion

supporting an elongate reinforcing strip. The conposite strip may include
various materials, however, preferably the reinforcing stripis

constructed fromnetal, Mre parficularly, preferably e rejnforcing

stripis Cgﬁg{egﬁ‘gyéﬁe ﬂhﬁg)@(gb&gﬁnes a eng¥.hW1se extendbing stlgtmwﬁlc?l 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

e

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
elengate 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.



WO 03/ 089226 6 COctober 2006 5 According to a second aspect of the

i nventi owo bsose226 provided a conposite strip windable to forma helical
pi pe, the conposite strip conprising: an eIongate plastl trip having a
base portion and a | engthw se extending rib p Qﬁmﬁdl ng fromthe
base portion; an el ongate planar reinforcing strl p extend| ng | engt hwi se
and supported by the rib portion, th8 reinforcing strip having a hei ght
to thickness ratio of at least three to one and orientated substantially
per pendi culAgcotdingte HaBnHUspeof @.@qneeﬁ@ma{erbaﬂafanaéa aned sﬁe

| engt hwi se and bonded to the base portion, the na havi ng hi gher
Youngstipredndalsedodomhraehgidal phpe) theesmpoksite B&riplesiprisigg:ri p, f wherein,
when wound into a helical pipe, the reinforcing strip reinforces the plpe
agai nst radn@lorcgaisnnlaﬁjld sia;tshaanngtaﬂmsbmhemamﬁra)leagﬂlmemmdmg rilat i ng
of the p| pe. Preferably said height to thickness ratio is at |east four
to onkort %HB Zl'%mt the GS%E'B&QILof the i nvention there is provided a

Eglrrlpgg!![g gl%/\110 nd {Esggosm e. pr duceg { gbé‘l}g(':tg%?s't Strlﬁeﬁ}%
ext 2%%@%&5@%@2@%@ %&Uﬁ lii‘v%ﬂa “ﬁ‘s}ﬁgﬁe%ﬁﬁ% e t?#oa*%ﬁ‘ﬁasi RSt o
gg';?! on, %‘ﬂa?g}%}torm ng {s%ﬁ}gl ViFng a #ellsa@%t oa%?%i%géness rat ihg 01[| gt

| east threa ;n&mq'aﬁuﬁacéxeéﬂ Eﬁ&UoﬁHbﬂtB%@BEé@?Hi—@dn kRethe flat
side of the base portion, ein"the orientation of the teinforci ng strip

ih laniradiaving tattdghes El’olmgfs modulesrand strengidi thaini thbbey of thehplagtieistad, er
the winding of the strip to formthe pipe.
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.

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

S v

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.



Preferably said height to thickness ratio is at least four to one. WO
03/ 08922&%“@&98%r 2006 6 Preferably the reinforcing strip i s continudus
and has a length which is co- extensive with thé&pg. Preferably the
reinforcing strip is constructed fromnetal. Pr tobey metal is
steel. Desirably the conposite strip further conprises: a planar |anm na
extendi ng | engt hwi se and bonded to the base portion, the |am na having a
hi gher Young's nodul us and strength than those of the plastic strip. )
Accor di ng Prefgrably the reinfercingstriphis contisnpous andhasa length wihideis @-net hod
of producj n%@{ﬁgl ically wound steel reinforced plastics pipe conprising
t he sEESBSIYE: @BIPRy a plastics profile having a base portion and a

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

i ntroduci ng an el ongate straight edged reinforcing strip so as to extend

| engt hwi se | k1.0 I r e net al
strip havi ﬁgéfe‘?ﬁéé%%%’ 88‘8"% 7&%21333%%}9’%&%# fg{’ﬁ\ Igg{sagl ) Fgg%g&iig t%%e and
ori enjphgdssiept antially perpendicular to the flat side of the base
portion, thereby producing a straight conposite strip; helically w nding
the conposite strip; and inter-engagi ng the adjacent edges of adjacent
convolutions of the strip so as to forma helical pipe. Preferably the
ri b porti obesivablyt thedwtinpositéestripefumtier motriprises: ext endi ng sl ot shaped to
recei ve and support the reinforcing strip. Preferably the rib portion is
extruded to conprplamanlapaina exterpdingllerngthwes¢ and bonded to the base portion,

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

v
S et

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



extendi.ng | engthw se al ong the base portion, the walls orientated

subst ant wa) 63y08¥¥2603/ 089226 6 Cct ober 2006 7 perpendicular to the flat
side. Preferably the nethod further conprises the st f encapsul ati ng
the reinforcing strip. Preferably the extrudi rigQgte Pﬁt ci ng steps
occur together in a cross-head extrgsion die. According to a fifth aspect
of the invention there is provided a’method of producing a helically
wound steel reinforced plastics pipe conprising the steps of: extruding a
pl astperperpdiodliat éo baw flaysidebase portion and a | engthwise extending rib
portlon upstandi ng fromthe base portion; and introducing an el ongate
nmetal reinforcing strip into the rib portion, the netal strip having a
hei ght to thlckness ratlo 0 | east .three to one and porjentat ed
subst ant i direferaRlygheanethost %YWQWS £ SHEghOL g1ap t‘ﬁ‘&rﬂ?ﬁm ng a
conposjte strip,; bondlng a lamna to the flat side of the base portion,
the ITSHIPREINE, W@ﬁb a higher Young's nodulus and strength than those of
plastic strip; and helically winding the conposite strip; and

i nter- engaging t he adj acent edges of adjacent convol utions of the strip so

as to If}q{h @%mﬁixﬁ s GRb O geftter it ol dtOss-Bbads
betvveen the onc} ng an ggrﬁly W nd| teps, the further steps
CoNpPrdxghidshn &iel ecting the strai ght conp05| te step to a spool having a hub

rotating about a substantially horizontal axis, with the base portion of
the strip facing the wunderside of the hub; driving the spool so as to
pgl | he Stécaolrgnfg tcooarlrp % ats%eitt rrJI ﬁtetﬁgggt?gn Edrt]gresigg%wded a method of |
f) 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.



and so as to wind the strip around the hub of the spool fromits
under si d&V0 03/P832%orting the spool to a site; and unwi nding the strip from

t he spool. WD 03/089226 6 Cctober 2006 8 DETAIL DESCRI PTI OF PREFERRED
EMBODI MENTS OF TIE | NVENTI ON  Several pref er r edd £h¢fobe of the
i nvention are illustrated in the accgnpanying representations in which:

Figure 1 shows a cross-sectional view of a conposite strip according to a

first enbodinent of the invention, Figure 2 shows an_explode ' of the
St pDETAL JaRBCRIPEIGN OFPREFERREDBUHODEMANES it THE BOMESTON 1 o
shown in Figure ure 4 a perspective vie ofa elically wound
conposite wa@ﬁwe&%b9ﬁ@%%ﬂ?I£E%WQW V%{H e% r’fﬁ €3. "Figure 5
shows a part-sectional ew of the,pipe of Figure 4 revealing the

r ei nf B?@W@PBH&HPRS@P&F i erspective vi ew showi ng the

reinforcin | ot I gnr@r ' toAGpSt 2

cross sect %ﬂﬂf?nﬁff o‘pg?@o%’éér%pgégﬁ g’F}r?{)&gcc 0gi"(ng t%gwaﬁ}%nd

errboth?Q;i o] é‘ﬂﬁ% . Figure 8 shows a cross sectional view of

adj acen convoF Ufl ons o hg’?lcorrpo& te strip according to a third

enmbodi ment g @sh%ﬁh'e&?lod%cﬂﬁifewaf&m fcmgﬁﬁehectional view of a
f

conposite sttip accordin fourth enbodi nen the invention. Figure

10 shows aF 3 ﬁenpémp&btwe eievobf theonppesitestsip showm doFigurg ko a fifth
enbodi nent of the invention.
Flgure 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 J
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.



Figure 11 shows a cross sectional view of a conposite strip according to a
si Xt h enppglpypgdb2eof the invention. Figure 12 shows a cross sectional view
of a conposite strip according to a seventh enbadi nent of the invention.
Figure 13 shows a cross sectional view of a confp8§3¢toberi2006 according to a
ei ght h enbodi nent of the invention. Figure 14 shows a perspective view of
a spool drive assenbly for use with @nbodi nents of the invention. WO

03/ 089226 6 Cctober 2006 9 Referring to Figures 1 and 2, an el ongate
conposi t e ReferfinkQotMighirdss] dhd dabh ldnzatd esmipasitebirinl0 thalds winddlslerto The
conposite strip IO conprises an elongate plastic strip 11 and an el ongate
net al foren aheliedlgpetis Bhowd. THiecathpssitestripell émnptisesan elungdtenplastiof t he

i nvention is polyethyl ene although other suitable plastics nay be used.
The pétaipt 1kcarsd anelddgdtesnetabasiaforoing stnipl30. Whepkastiowsed o thid y 1 at si de
14. A\mggurality of length-wise extending rib portions_ 20 Frqjects upwar d
f r om embogdimsent ghihe ipventionis polyethyene althengh othensuitable plastishgy be
conprises a pair of parallel walls 22 and 24 that extend | ength-w se
alonguﬁﬁi 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

bet . i N . b
I capsul arae ERstRHipchias Shalcortioh 15 ith £ BRIy B HOEIE ocure
of U NBlyraliff O 1ehBh bbisk BxRidig M GHONE Q0 BHBjects ERIrR Hge Basd sts in

preventing“corroSion. In the trrst® enbodi nént” of t'he invention, an array

of )t hpegidre Tt B#§e embodiment, each rib portion 20 comprises a pair of 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

S

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 ény 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.



extending rib portions 20 spaced apart across the width of the strip are
provi ded WOP}849226 b porti on 20 supports a correspondi ng el ongate planar '
nmetal reinforcing strip 30. In other enbodi nents of the invention, nore
or less ribs and reinforcing strips may be use®Octeberi208620 t hat support
the el ongate metal reinforcing stripsg30 need not be continuous. The ribs
20 can be any shape provided they support the vertically oriented
reinforcing strips 30. Referring to Figure 4, helically und conposite
pi pe produ B@nﬂﬁﬁﬁg§ﬁﬁﬂiﬂmﬂﬁdﬂ#ﬁﬂﬂﬁﬁeﬂbﬂﬁﬁ§ﬁ?9“§FF¢Hmﬁﬂgﬁﬁ in Figures

2l Zé%ﬁwf%é%stlﬁm“&@%ﬁ x{e‘é’ieé‘%tttgﬁﬁgﬁé%ié@?f@&iﬁ% et
Z'pg;g‘ gHES"PﬂVE?]?ng‘S AResd afteh FREiShas ofdPe SRR, e PSS T_V’fm\etlalﬁgr tspest
Lo haboktiBls 20 Bfovidedapbhet RANRCREbAhS Srl B PiichlR) BRlngthY

porti qRg j .Hgﬁh'nfg%'ﬂ o | (@tctorhPg hdfcdlPipeatlear | y
during tdglpgg\n{ﬂr;l:?i%gpg%mt he stri p%g&mﬂﬁﬁ%‘fﬁwlﬂgdi ng of the g{fl’)l p 10 to
form geingbicial sthipRe30 Aretberit @0 bt iakis sibstaaftially tamesvieesd tothestripilaxi s
substantially transverse to the strip 10. This causes plastic deformation
of t hghigeaises plasgicslefopmafion offthe reinforaing strips30. ddwirb portions A assising
the reinforcing strips 30 collapsing sideways and towards th ase of the
pl ast i psevensingthemeinfoscipgstens 38 rollapsing sidevansranchipwards the base Pt ng
menber, 30 after .it_has been bent to wind the pipe shown in Figure 4.

smal | the plastigpinip dRy | ng 32 are illustrated. It is inportant that these -
areas of buckling are either non-existent or relatively small. If

excessive buckling is present, the ability of the pipe to withstand radia
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
illustrated.

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
réinforcing 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 miilimetres.
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t he prof iweo0s/89a261 ni num while at the sanme tine maintaining the
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di mensi ons and shapes of the plastic strip 12 af®¢tobes
reinforcing strips 30 can be varied to suit the dianmeter of the pipe to

i msed. The

te netal

Is also inportant to keep the mass of

be wound. The below table shows a raidge of configurations suitable for
pi pes of internal dianmeter ranging from300 to 600 mllinetres. WO
03/089226 6 October 2006 11 Internal Steel Height to Steel Height No. of
~ Steel _Steel Dianeter Thickness Thickness mm bands Materjal  nom Mn Ratjo
150 0. 6Idernal: 1] 3 CB&eBNG [ 300 0.6 12| 2®jelght 0A3) SNG 375 Of 6 12 20:1 B
CA3 BNG 450 0.6 14 23:1 3| GaabMeightb 0.6 16 27 NQ dISteddNG 6BleeD. 8 16
20: 1| 3iageie pB7Thickdess 16: 1 3 CA3SNGIhitkdeds 2f 16 13:1 3 [CA3SNG 825
1.6 16 10:1 3 GA3SNG. 900 [.6 1amd0: 1|3 CA3SNG [l05(bands9 199: Matecied SNG
mm Mm Ratio
150 0.6 4 6.7:1 3 CA3SNG
300 0.6 12 20:1 3 CA3 SNG
375 0.6 12 20:1 3 CA3 SNG
450 0.6 14 231 3 CA3 SNG
) 525 0.6 16 271 3 CA3 SNG
! 600 0.8 16 20:1 3 CA3SNG
675 1.0 16 16:1 3 CA3 5NG
750 12 16 131 3 CA3SNG
825 16 16 10:1 3 CA3 SNG
900 1.6 16 10:1 3 CA3 SNG
1050 1 19 19:1 3 CA3 SNG
1200 1.2 19 16:1 3 CA3 SNG

CA3 5NG: 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).



1200 1.2 19 16:1 3 CABSNG CA3 SNG Uncoated cold rolled mld steel. The
hei ght, ™ 8¥P3%6 and nunber of steel reinforcing bands used are '
vari ables that influence the stiffness of the und. pi Wth pipes of

| arger dianmeter, the contribution of the pl ast%‘itgbﬁﬁ i ffness of the
pipe is relatively small (<109%9. WtRo pipes of smaller dianmeter the
contribution of the plastic to the stiffness of the pipe is hi gher

(approximately 30% for a pipe having i nternal of The
hei ght to $elecionefasteel with theyeptiaiumoraung q«ﬁﬂ@s?w Hygl for

i ChaLyield shrongi oyt apBAAIT BT “&Vthﬂgﬁh e%we@f i 3i 1 ness

and effici.ent, u of. materLaI but this nmust be wei ghed agai nst the

i nst aBfeestiyeq QxR iKelynst abi | i ty may cause the reinforcing
strips 30 to coll apse S|deways towards the base of the plastic strip 12
or may cause excessive buckling (buckling is illustrated in Figure 5). WD

03/ 089226 fyiffk bRk f ge bl pr ol*ﬁesﬁ%s@fﬂdeﬁ%%e%b%@%bl&ﬂérmm@ﬂblﬁﬂm

Young' s nodu l'e nodul us) ‘and yield strength for this

appl | gadiRas ringd 601.4MBALS Aith, piffeercanbesvduatl thaphde stable of eelatively, low
buckiing is nore likely. Wth ?he range of profiles described in the
abov ewefglteindihave\exdellent tdsigtante tonradisll arksking loadge of 1.4 to 1.8 mm
pi pes can be wound that are stable of relatively low weight and have
excell ent resistance to radial crushing | oads. Although the enbodi nent

descri bed above uses steel, reinforc el ongate p] an r.ei_nf.or ci

strips conéd ﬂl%‘@ib&‘le "rfiﬂsé?]h? abrye ‘%@i@@t’aﬁ-a{ oreifg ElgBERISN of \
t he re nfor stri 0t ast strip. 12 assist in 3
| rrproP agr ¢ ‘gﬁ%&ﬁ&? %qsﬁraxcqu E’r ﬂbegmq%aisoﬁﬁg&e[ ri ps descri bed )
above can further incorporate other el ements to i nprove the pressure
rating of the wound pi pe.

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 hlgh 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



For instance, lamna of fibre fabric (eg glass fibre), plastic or steel
may be pwayosigedaisco i nprove the pressure rating of the pipe. Any materi al
having a Young's nodulus and strength that exc eda@@bat f the plastics
material of the strip can be used. The |anina gﬁQC efﬁaﬁkborated into
the profile (strip 12) in any suitable way. For instance, the |am na may
be welded to the base of the strip 123or naybe cross-head extruded into
the base of the strip 12. J Inproved interlocking edge features may al so
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profiles constructed™ or high-pressure ~application e shown in Figures

7t hrlatr@ha 50 islihcobipbrited Mttot the Bage pertion af decsthip ENDUNk bifiha G0 Hase
i nvention is shown where the conposite strip 10 is extruded fromPVC. A

mechétighet Ybong'simogdubus ated! strgngth thainethe F)EC phasthierstrip 14n Wherh evmired edge
menber 18 forned fromthe plastic stri %ill. Reinforcing strips 30 of the
t ype iotsa hebieal pipevthispeofilesenprovidea higthpressurs pipe suitabla fers head
extruded encapsu] ating the reinforcing strips 30 as the conmposite strip
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convqﬁ{é}gafb%fgsgar&pder pressure. Although adjacent convol utions are not
directly und together, the thickness of the plastic and design of the
mechani cal | ock formed by adjacent edges 16 and 18 ensures that the pipe.
islable to withstand significant internal pressures. Figure 8 shows a
crloss sectFiguat 8 shewsai ciose sexticawd view of b adjaneat oonvalubippsiofe strip 10

according to a third emjodi nent of the invention. This copposite |
composite strip 10 according to a third embodiment of the invention. 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 remforcmg 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

o

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.



strip 10 conprises a polyethylene extruded strip 11 having three rib
porti ons W3¢ Wndi ng from a base portion 12, each rib portion 20

supporting a reinforcing strip 30. Afourth ri ortio supporting a
fourth reinforcing menber 31 is also provi ded.gfﬁ%t"lh?&'g’tq%%n of the
fourth rib 21 and reinforcing strip f& Is at the edge of the profile to

strengt hen the wound pi pe along the gap between the | am na of adjacent

convolutions. This gap 54, is shown in Figure 8. By provyiding
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i nventish the laminae are GIseoRARYOYS " onbhodi ment of the i nvention except

i nstead of providing an additional rib and reinforcing nenber over the
joint area, the fenmale |ock section has a thick wall to provide the
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Oct ober 2006 14 Atifth enbodi nent of the i1nvention is shown in Figure
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convolutions to cover the area in which the |am nae are di scontinuous. A
si xt hiherprofileasilhstrateéd. i nvention is shown in Figure 11. Wth this

enbodi mrent of the invention, an additional lamna is welded to the edge
section of the profile as illustrated. A seventh enbodi nent of the
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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.

Mo

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.



enbodi nent of the invention, a continuous lamna is either cross head

ext ruded wa o3gp2¢r of i | e base 12 and edge | ocking areas or is welded to

t he base after extrusion. Qher enbodi nents of the invention nay be
provided with the |lam na either bonded to the 6 et r&@é‘trip 12 or
enbedded within the base of the strip 12. Materials having directional
properties may be used as or within the lanina. 3 For | nst ance,
orientated plastic filmstrips that are strong in a |ongitudinal
direction &xdnvslekof suitalile asteeialchavingaitamional pRepartiedindudé heghiliyps nmay
| nprove the "hoop" strength of the wound pipe. Plastic filmstripS that
are s 1Stret(@1edrpdyoﬁaﬁmml'ee‘s eSulch siedtohawed highlpropodion aiwmolecilesal

direction may also be used. In some applications it will be desirable to
f or m Srientated in thersame divactipprwiichypresides 1 high ¥Young's modulusandyieddg i n
~ mut ual or.t hogonal directions thereby resulting in a conposite of high

stren§tR8H-al | directions. WD 03/089226 6 October 2006 15 Exanpl es of
suitable materials having directional properties include highly
stretched pol yol efin sheet. Such sheets have a high proportion of

nmol ecul es &q{& E‘FH tegh ol Rﬂ&”ig | P i [ . .gh Young's
nmodul us and yie dﬁ’ st re%t : ?&%%cﬁffgﬁ%ﬁ% %@Ifﬁgm%gﬁ . 't e pipes
are f opERGidg, r@éﬂeraﬁg flastRRBRLY gmn%ﬁ%hya@a&bﬁ% GitoRRbht
extruded wthin a factory envirornment and 1s then wound onto a spool for

t r ans pitien woendinto degosl fomtranspdrenTHe ertrided sefip id fienspewbuaddregssed
t hrough a wi ndi ng machine that can also be located within a factory or

al t er bke spas] pncpasdsed threatghda avintimg siachindthae cath alsbibedocatedenithin a
reduired. Finally, elongate stee|l reinforcing strips are rolled onto the
naj

netd y tivelyrean beJasatechat thesiterwheretthe|finad pipeoisoeqyireds i ps are
pre-r ?"%nla‘iﬂf, E:ﬁ)nagartg gtieglsreinfordng 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

stifmess. 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 pipeis

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.
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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.A WGthss ﬁmoﬁc@@tﬂbﬁin%ﬁ%m;ﬂdiiﬁlsﬁip winddble togfoom a hekieali ng
step described above occurs while the plastic strip is |lying .

subst pipé i as,folloats. Plastics ehateriaband steel sipip 8@ inodueed intsrian exlausion

wi t hout ny pre-bendi ng. Finally beads of plastic 40 (as shown i.n
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strip forned by croSs-head extrusion nay differ slightly fromthe
pr of i hestdadcthielredsssheakeytrusion 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 7
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 n that the beads of plastic 40 (as shown in figures 1 and 2) would not
be requi we3wesdnst ead, the cross-head extrusion die could be designed

such that the steel strip exits the die conpletely enca | ated with
pl astics material. Having produced a conposite gd?fpgﬁlfg’iﬁ@tri p, it is
possible to directly wind that striagi nto a helically wound pi pe 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 conposite profile

ont o Howpaver, when theresip gtde] piafordasy i thelwsttip) thié nedhed ivaessuitadle as it
I nstance, a single sgool can be transported to the field 3 and

posi tcamaeeltlmma rpings0norsiiaide.machi ne | ocated where the final pipe
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t he sdrives tHests qghﬂedlotmnbhnauk&@ble as it causes the steel
rei nforcing 30 to buckl e. Figure 14 shows a spool drive assenbly 100
d veloped for spooling steel reinforced conposite strip 10. The spool
S supﬁﬁrted for rotation about a horlzontal axis 102. A strip guide

1 10 i s prolheispoeling rsthpd developedsior steel ceinforsed stri andishowroin Figure
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buckling. The strip path onto the spool 101 w1th 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 eigl{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.



The spooling nethod devel oped for steel reinforced strip and shown in
Figure MOBY®926strip path that mininises any |oad applied to the strip
that could cause buckling. The strip path onto_the spoql 101 with this
arrangenent is a straight path to the bottom ob Ei 103 of the
spool with the ribs facing down and nce 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 t hqd of
control I i n@ﬂmﬂ@p@éeﬁm@m@n&m@mﬁ@%ﬁb@&mmﬁ BTEBr  this

new nethod.relies on the tension in the strip 1 torque. on.t he tor).
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r equi %gguﬂ} e pr o???%% 0 tﬁeS seEond to eighth enbodi nents of the
invention as illustrated in Figures 7 to 13, can be constructed using
the nmet hod descri bed above for the profile of the first enbodi nent of

the invention as shown in Figures 1 to 6. The lamna can be introduced
in a separate step after the strip has been extruded. WO 03/089226 6

Oct ober 2006 18 While the present invention has been described in terns
of a preferred enbodinent in order to facilitate better understandi ng of
the invention, it should be appreciated that various nodifications can 3
be made w thout departing fromthe principles of the invention. )

Therefore, the invention should be understood to include all such
nodi fications within its .scope. 19 6 October 2006



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

w ndable to forma helical pipe for transporting fluid, the conposite
strip conprising: 5 an elongate plastyigc strip having.a e portion having
a lower side defining an inner face l(gnd an uppgbﬁg"a@rﬁm% ng an outer
face; at | east one | engthw se extending rib portion upstanding fromthe
out er fRHE CoAIMEOEREDINGTHEINVENTION ARPASRQLLIO®WS:orcing strip

extendi ng | engt hwi se and supported laterally by 10 the rib portion, the

reinforcing strip having a height to thickness ratio of at |east three to

one andqorie t:ﬁﬁ-ﬁﬂ 1t i al rpendi.cw ar to the base gorii,on, the
I nner f}i'ce ﬁ&orm nsﬁ gg%ﬁﬁ%%gh%tog%ﬁf&d RRF eﬁ?@pﬁﬁ?%ﬁﬂbi'&erip,

wher ei nwﬂb&it%ﬁ@oﬁiﬁrﬁhﬁgr-hd ical pipe, the reinforcing strip reinforces L

the pipe against radial crushing |oads and the inner face separates the
rei n¥orcing anelbpgatie@ldstinmhﬁplhaﬁhgiacbasé bfﬁbdl@iﬂ@iﬁ@owér side defifipgiane strip
as claiped in claim1l wherein said height to thickness ratio is at |east
four tolB\§Eface@nd anuppessiste defining apmouterdacei ned in either of claims 1 or 2

wherein the rib portion,, defines a | epngthw se extendiing sJot in, which the
r ei nf or ci ng %ttlﬁsg P& hﬁ’@?‘éﬂ?&&ﬁ?‘ﬁ‘&‘&?ﬁ%ﬁ%ﬂﬁ@@f‘s#&?@ﬁ%%&%f%csd by the
wal |'s obf tha®asé Bbrtich: aAdConposite strip as clainmed in claim3 wherein the
rib portion congrl se§ a 25 pair of parallel walls extending | engthw se

al ong t he basreelpaghteaeinfbietngnariplexfindivy ledgthavise ahd beppSrids latetrallp by
perqendi cular to the base portion. 5. A conposite strip as clained in
cl ailth 4thevdh pprtiam ghe winforsing sigipshaving adeight fo thickoess tativ ofat least duee h
Nch ig co-extensive wth the plastic.strip.,30 6. A conposite strip as
o1 3 et FRA FREM e Sobitandal p ithe BaseportgReans face
encaps ukghfiflg ARoARNEGuPEETRR befotP Bt fefntbRind Grip)V! ' ONMTENt .
wherein, when wound into a helical pipe, the reinforcing strip reinforces the
pipe against radial crushing loads and the inner face separates the reinforcing strip

15  from the fluid within the pipe.

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

is at least four to one.

20 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
25  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.




6 October 2006 20 7. A conposite strip as clained in claim®6 wherein the
plastic strip has an array of |engthw se extending slot formng rib
portions spaced apart across the width of the ét i p egﬁﬂkiib portion
supporting an elongate reinforcing strip. 8. A 8&?@@?? i p as cl ai ned
in any one of clains 1 to 7 wherein the reinforcing strip is constructed
fromnetal. 9. A conposite strip as clainmed in claim8 wherein the
reinforcing strip is constructed fromggpeel. 10. A conposite strip

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

el ongate plastic strip having a base portion and a | engt hw se extendi ng
rib portion upstanding fromthe base portion; an el ongate pl anar

rei nforcihg stA cdmputite Qlﬂi;ga Qgﬁgy\ﬁ,s rhed,by. the.rib portion,
the reinforcing strip havi ngdg hei g taﬁgms@erpéf%%pé\ps@@ay
three t ®fdengthwisesxtendiagalbtdfo ib @b}ﬂor&egﬁa@éuiggﬁhghtgg él[_‘?gn{?ﬁ,,s S
portion; .and a pl na_{J | ami na extendi ng | engthw se a bonde 0 e %ase
portion, ‘F\Etnﬂ'ﬁﬁ&hﬂ Wpﬁgsupmmmebnga&md&dngﬁa@,strength t han
those of the plastic strip, wherein, when wound into a helical pipe, the
reinforcing strip reinforces the pipe against radial crushing | oads and
the lam ga i iesth ithedBihl f the. pi.pe.. 11. A conposite
strip as cl am‘?@%l ai n?%% ereins iog‘ehoefihc&{rgtlotot%" the 5t o
at | east réinforcing strip is édhstAactedfrom it rip as clainmed in either of
clains 10 or 11 wherein the rib portion defines a |engthw se extending
slot in which the reinforcing strip is retained, the strip being

| ateral | y supported b he wall.s aof the slot. 6 QOctober 2006
a} g SUPK composn% srtnpasc}mmegchaJmSWhereinﬂ\ereinforcing strip is

constructed from steel.

i's

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.




21 13. A conposite strip as clained in claim 12 wherein the rib portion
conprises a pair of parallel walls extending | engthw se al ong the base
portion, the walls orientated substantially perpendicul 6éo-the flat
side. 14. A helically wound conposite pipe prod@gyg 6@&&' onposite
strip, the conposite strip conprising: an elongate plastic strip having
a base portion that forns the inside of the wound pipe and a | engt hw se
extending rib portion upstanding fron1tgf base portion; and an el ongate
nmetal reinforcing strip extending |engthwi se and supported by the rib

portion, e rgi reiLng. strip having .a height to thickness ratio of at
| east thrlg; toﬁc% = %R%@MﬁﬂmﬁgmmeMmm
base port '@ﬁof]ym[]ﬁa}lglgm%a ' he ,teinforcin trip wth

respect’ tp(’) t he base portion %gs s'g%giogﬁt%bﬁ?em&h alser the

wi ndi ng dafrientated substahtiallp perperrtiailne : jpe as clainmed in claim14
wherein said height to thllackness ratit)o%gﬂgf\sﬂeést four to one. 16. A
pipe as clainmed in either of clains 14 or 15 wherein the reinforcing
strip isl4contigulgtglﬁ and has a lepgth which is co-extensive with the

pi pe. 171 pihRelirally wiovnd compssife pire produced fron 4 compisitelsiisithe t he
rei nforci L, Ryl ructed fromnetal. 18. A pipe as clainmed in
claim 17c§\ﬂ\ re{dﬁ&tr ec?ﬁe;'ﬁﬁ %'lgéi ng strip is constructed from steel. 19. A

helically wouaf elsiigatsplatiesfp Ra . itg strip, .the
conposite strip conpri gi ng: %@t?&gﬁ%@%@gﬁ%%ﬂ%%é“ﬁéﬁﬁtﬁest rip
havi ng am@mmmhmmgﬁsimﬁ%u%ﬁngﬁmmbm

) portion; and

an elongéte 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:




wound pipe and a | engthw se extending rib portion upstanding fromthe
base portion; an elongate planar reinforcing strip extendi ng | engthw se
and supported by the rib portion, the reinforci sbri ving a hei ght
to thickness ratio of at least three to one ad@?gﬁp i1 substantially
per pendi cul ar to the base portion; and an el ongate planar | am na
extendi ng | engt hwi se and bonded to the base portion, the | am na having a
hi gher Young's nodul us and strength thaRsthose of the plastic strip,
wherein the orientation of the reinforcing strip with respect to the base

portion remai tantiall nchanged after the winding of the strip
to formthe pi%‘Z?ngﬁgte/?%eség%m&gE*‘Wmﬂlimfmrthéinsidh'eaf:&ttt
convol ut i ween@bipd'end &N : diract|y. bonded together, 21. A pipe
as claimed in E’I%ﬁ]m 20 mrg{lﬁe?{a}?ﬁd‘lﬁgir&fo ‘&Wﬁé@skwitbebgsw | east
four to qretioB2. A pipe as clainmed in either of clains 20 or 21 wherein
the reinforcing strip is continuous and has a |ength which is

co- ext ensi ve w#telongate planar reinforking peipextendingiéhgthwist arkl\ r%fﬁ,g\s 19
to 22 wh ei.ﬁé%)r}f: r ej,nfor ir%létrjp is constructed from netal. .
pi pe as clal AnCgirRnerdpg sttipmhavieg adieightrto thigknessiratib of aolabt Hebed
from st : ' d co i te pipe produced froma
CONposi tgﬁgﬁe?ﬁd ﬁe&ﬂ%@%l&%‘?@k@ Wﬁ%’ﬁ?%!%dgfwmmwd 2006 an
el ongat e pl ashah@lerdgate piadalr Nnfhal | t. forns,the inside of the
wound pipe and a Iégn_gtﬁwi se ext eﬁ%?ﬁgﬁﬁgg % rlﬁ%rmﬁ%?'ﬁﬁﬁ?gd‘f t he
base poPPrien, thelaminadwmving ahigleryoighgs frodufid SRPHPEh R TR MG o3
suﬁportedI I gt erally by

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.

2]. A pipe as claimed in claim 20 wherein said height to thickness ratio is at Jeast

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:




"

5 the rib portion; and an el ongate planar |am na extending | engthw se and -
bonded to the base portion, the | am na having a higher Young's nodul us
and strength than those of the plast@8c strip. éo 26. A _pipe as clained
in claim25 wherein adjacent wound convol utions Qctoher i na of the

pi pe are not directly bonded together. 27. A pipe as clained in claim26
wher ei n t he aneglangate plastic striphawing arbase pottion thabformssheinsideoftBe A net hod |

of producing a heljcally wound steel reinforced plastics pipe conprising
the st eb@uﬂa P‘%@(W‘Lﬁ?ﬁ@@wbﬁeﬁq@?ﬁﬁgﬁ°ﬂ°’hﬁﬁtﬂﬂd@mtg% nand a
| engt hwi, s gxtending rib portion upstanding fromthe base portion; 20 -
i ntroduting an el ongate strai ght edged reinforcing strip into the rib
portion, th élbhgite Fbinfdch@stiif erteRBird Tenghwibd ﬁ?ﬂ: ' | east
three to one and orientated sgbstantiall %%p?r@c]i c I(g?édtlgt?%%f%%se
por t} onthetritepetfionpandiuci ng a strai ght conposite strip; helically w nding
the conposite strip sgo as.to plastically deformthe 25 reinforcing
strip; and it Pn%f&nﬁlmfmglmmﬁnédméeﬂ utions of

to
the strj . m eldcal pipe. 29, A hod,,as cl.ained.in claim
25 wher EOHR, B Ifhind BAvihR a1REAG Yo e ingd e and ot et rafyBheT b
extendipmsﬁé%ﬁhaped support the reinforcing strip. 6 Cctober 2006 24
30. A nethod as claimed in claim29 wherein the rib portion is extruded
to conprise a pair of parallel walls extending | engthw se al ong the base

ortion, the
P 56 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.
15
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;
20 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 so as to plastically deform the
25 reinforcing 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
30 alengthwise extending slot shaped support the reinforcing strip.




wal I's orientated substantially perpendicular to the base. 31. A nethod as
claimed in claim30 further conprising the step of encapsulating the

reinforcing strip. 32. A nethod as clainmed in clgim 31 in the
extrudi ng and introducing steps occur togetherﬁﬁhcgﬁﬁ¥gﬂﬁﬁﬁead ext rusion
die. 33. A nmethod of producing a helically wound steel reinforced

pl astics pipe conprising the steps of. extruding a plastics profile

having a base portion and a | engthwi se 2@xtendi ng rib portion upstanding
fromthe base portion; and introducing an elongate netal reinforcing

strip intg theat) Ltion, the | net trip having a height to thickness
ratio of at IeAagl!t‘ i ré‘%%‘“gﬁé"&#am@r@ﬁwfwahpmmdedm

per pendi coh@srisded biie of RO oducin a_.conposite strip;
bondi ng a fnaprri na to thg base por ?ﬁo%‘%ﬁi?‘g%ﬁﬁ%%%wmmmgung' s
modul us avallssonientated substantially peoperitliosiat fo fleage, he! i cal Iy winding the

conposite strip; and inter-engaging the adjacent edges of adjacent
convolutions of the strip so as to forma helical pipe. 34. A nethod as

cl ai ned iST claim33 erein the rib portion is extruded to define a

| engt hwi &' ex ﬂﬁla?@ﬁm&é% durtheneompiisingrthe stepsofieriea Adatify
met hod a%@}mg?kgh%ai m 34 wherein the rib portion is extrud%d to
conprise a pair of °parallel walls extending | engthw se along the base

portion, the 6 Cctober 2006 25 walls orientated substantially
per pendi cul ar to the base. 36. A nethod according to claim 28 having

further 3%epsAyaethadnas dained inodain 81 wirRpeinthb ke g it bl the
funther steps camprising: L dify cikg steps
) oge ina -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.

M. 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




L
directing the straight conposite step to a spool having a hub rotating
about a substantially horizontal aids, with the base portion of the
strip facing the underside of the hub; driving the spoqgl so as to pul
the straight conposite strip towards the spool 6 Oetober006, wi nd t he
strip around the hub of the spool fromits underside; transporting the
spool to a site; and unwinding the strip fromthe spool. 37. A nethod
according to claim 33 having further steps between the bonding and
helically w nding steps, the further steps conprising; directing the

strai ght Wﬂﬁ%ﬁé t L spool havi ng a hub rotating about a
substantially 5&?‘5@#@%’?‘@?’8@?%‘{}9@%&@%| on of the strip facing

t he 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 tA6 spdoethahadcosdingde/cidifte2s hiviARHREhL Aol DS S2G) 10 a.site;
and unwi ndi ?\% E:;H]e strip fromthe spool ﬁﬁ? agpé e%nofj'ne mtroducmg
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 50 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.




