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PCT/ SE98/ 01529 CORROSI ON- AND FI RE- RESI STANT PI PE SYSTEM The present
invention relates to a corrosion and fire-resistant pipe systemsuitable
for sprinkler systenms and the like in offshore industries and on both
mlitary and 5 civilian seagoing vessels and al so as sprinkler systens in
public buildings and i ndustrial buildings. Conventional steel pipe systens
are not suitabV@%¥d%6t ransporting liquids that are as ag§FESEfHS293s sea

wat er and industrial waste solutions and other, simlar waste 10 |i-quids.
In offshore industries for instance where sea water pipelines are required
to a great extent for cooling and fire extingui shing purposes (sprinkler
systens), the replacenment of traditional steel qualities wth other,

hopeful |y nmore suitable WSWQ'M&EFE@%RE%%%J@QEISYQW% sone time. In
this regard, efforts have been nade to switch to rmre expenswe rretalllc
mat eri als, such as; st eel gual ties that are ?5 hi ghl allcié

SMO steel which i sTEER S GFlaigs tong cowpinn an ﬁrﬁ’frests B3k Bape st b %lVb and
nore sophi sti cat e donwprislls syatenalahd)’ghs likd o rofffhosd iadvsteies antl @n ibotin ndliteky dind f er ent

Cr-N alloys. st e e W I I erein
fibregl ass-rei n orc?:vélgﬁfgag%é%sge% &d%g %ﬁﬂﬁpeﬁ&ﬁgg n%th hﬁ"%e \p,)\?pes for
conducti ng sea vvat!e¢ustnnllbp¢¢mggh such pI astic pipes have significant

advant ages over steel pipes with regard to their corrosion resistance, they

are unsuitable as repl acerreans for steel pi in all ﬁg i cations and
primarily within tYREVEREeRLYe ‘eréist%‘ééﬁdphg"tgbz%@’éﬁm?éa% uids shat greag r

reasons. For i nst adgge@ssive U Beapivide and industridl white eolutiend &idagtiler, sibilar waste t he
contrary, 25 nf.l b n ral snoke and
t oxi c gases an 6 lﬁqu?" %fgh%?ﬂdﬁ%n%&slhﬁt%ce W%re e% ‘%%rep %ﬂ“%sn%gfﬁ [ 8?\" even in.
sinpl e applicati ormgreavleusntifqr cpdlipg gnddfire @xtlnawémaplllrpws (@piinkieciystems) athe
resistance, for i nr% ?(Qﬁ@hta&q}a@ﬁsna?)ﬁeﬁrc{ﬁgﬁtxeplvﬁﬂ’sotﬁ’e?dh%ﬁ@{a K ShoftNehiggl@i NSt

so-cal | ed wat er r that occur with ab ruE ower E@ssure changes of
the water in the pmmmw%wﬁwﬁae%@aﬂmveéﬁmﬁ ’§?a‘ﬁébé‘”°¥i§d1° s3@ve b€ osi ng and
openi ng of val VeS,mz—WGitd?shvlﬁclﬁto nsbfreﬁpunﬁﬁeenetﬂlcmteﬁalals@mlai stepqufalitits gactant age in

many cont exts. tal Li.c es aI SO V. £ esi st e}\/l ter

hamer due to thei ToF gy t &8 exl\tI g“qw ich 5,28 &d&g@o&rﬁ R

07/ 03/ 1999 10: 46: @gta.igag@out 5% Mo, and more soph1stxcated metals or alloys, for mstance
titanium and different Cr-Ni alloys.

Tests have also been made with plastic materials, wherein fibreglass-reinforced

20  epoxy pipes have been tested as line pipes for conducting sea water. Although such
plastic pipes have significant advantages over steel pipes with regard to their
corrosion resistance, they are unsuitable as replacements for steel pipes in all
applications and primarily within the offshore and seagoing vessel sector, for other
reasons. For insfance, such pipes are not fire-resistant, but, on the contrary,

25  inflammable and combustible and therefore generate smoke and toxic gases and
need to be provided with separate fire insulation even in simple applications. Plastic
pipes also have a limited mechanical resistance, for instance against external blows
and knocks and against so-called water hammer that occur with abrupt, powerful
pressure changes of the water in the pipe system, caused, for instance, by the

30 closing and opening of valves, which is, of course, also a significant disadvantage
in many contexts. Metallic pipes also have poor resistance against water hammer
due to their inability to expand quickly.
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These nore expensive netallic materials are far nore suited for the

pur poses in question than plastic pipes, with the exception of their

resi stance to water hammer as nentioned above. However, since the material
is extrenely expensive the 5 runni ng netre cost of such material is high
and its usefulness is restricted to the nost advanced applications and to
use in particularly demandi ng systens. However, all netal -based pipe
systems are st¥PP&unmbered with a nunmber of serious pr BEVRIEMSE rst|y,
none of the tested qualities is conpletely free from corrosion probl-ens in
spite of everything, and exposure to ten‘p%ratures that are 10 slightly

hi gher than nornmal room tenperatures can have serious conseguences.
Secondly, these materials require extensive wel ding work and/or other
simlar "hot work" when assenbling, installing and servicing pipe systens.
whose pipes are rratﬁeSefmso@erm@u@he ARdalic matesals thaﬁh;ora‘suﬂmmhme@a@eseh imf safety,
i's sonething that Stid Q29 e bl.e ent,
particularly in tﬁggg?%ﬁ? capnfffs &Qhelegcewon &Eh ?tre%ﬁttﬁmg dw W amﬁ‘(e)II t he

pr obl em pr esent ed apymentianed ghavel HM@L sipceste najgoiplkis extnenrely weraivmy@ the risk

of gas |eakage 4n rﬁ}lxdngffﬁlﬁe gt?s?of s%&PM&Er)él ﬁ GiPits dsbfulnsss i 18ERQ 6 tRd Way'S
necessary to stop uction during wo i.ch entails the use of open

flames or the Ii kénqs"n adyncet pRlicptiony anq é‘f iU Ruharticulagy G‘T“&P‘P’}g SYHATE. results

in significant COSI-Io%re@dBdallanln&ﬂ-bhsﬁd %@&lsmsdf@ma@&ﬁnba@ai with @ ktfibed B
di sturbances. 20 In, the t flux densities.

occur toget her wi tFHoHF gﬁ) frp}'grftﬁ't B?'gsof theébeéﬁ‘glqﬂaélg cﬁlgﬁﬁtﬁlytﬁ'eg the fire.
In the case of a dpfrésioniprdblefs urespttheﬁevermg \agd expheue:tortbummcs tbét a0l 1 d

fuels, so-callgf Gf n’“lh@,ﬁéécthafn'r[?r%ltr& ng&g;c[u@; elmg,g?grlggs Eo‘ﬁ@gﬁ’éﬁc&f the fire

i ncreases conti nuous « nlnutes
about 1050[err]C énemﬁlv,mﬂ mtﬁru{saqumteaﬂw“g{?@&wé#ﬂ@f athersisnilag “hghout

1150[err] C wil | b&vcﬁleaﬁmciass’ainsmg, i24Ming amltsaﬁmngTb@e bRfs fhose sigRsikd y t hat

prevails at the sa and a maxi num
heat flux density ’%‘Ia é%ﬂ'lc fﬁ""’&sw‘%f &’afgﬁ‘d té%l?fp?ft t?séfﬁ‘é(ﬁégﬂme h?‘l']gﬁ%%ecar bon -
pool fires or the vwishketp atdidtottiergpetesitpassidlerextsm spartigalhrlyrin the offshprecihd/ sind a

maxi mum t enper af urs@ct&f m%ﬁ«ﬁﬁﬁn t(]'i'i'é%og{e&l]pgsented by the actual heat in such work, there

is always the risk of gas leakage in oil and gas recovery systems. It is therefore

Aoy

always necessary to stop production during work which entails the use of open
flames or the like in offshore installation work. Naturally, this results in significant
costs and also in serious drawbacks and production disturbances.

20
In the case of fire, different high heat flux densities occur together with high
temperatures, depending on the nature of the fire. In the case of a difficult fire that
involves the combustion of solid fuels, so-called cellulosic fire, the temperature in
the region of the fire increases continuously and will be about 900°C after 60

25  minutes, about 1050°C after 120 mimutes and a highest temperature of about
1150°C will be reached after 240 minutes. The heat flux density that prevails at the
same time is, on'average, about 60 kW/m® and a maximum heat flux density of
about 100 kW/m® can be reached. In hydrocarbon pool fires or the like, the
temperature rises much more rapidly and a maximum temperature of about 1150°C

30  will be reached after 20 minutes. The heat flux density is much higher than in the
case of cellulose fires, on average about 200 KW/m?, with a highest peak of about
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30 wll be reached after 20 m nutes. The heat flux density is nmuch higher
than in the case of cellulose fires, on average about 200 kWnR2, with a

hi ghest peak of about Printed from M npbsa 07/03/ 1999 10: 46: 13 page - 4-

225 kWnierr]. The worst type of fire is the so-called jet fire, which may
occur when natural gas and different condensates burn under high pressure,
such as in natural gas reservoirs, either offshore or on |l and. O fshore

pl atforns and (‘,’Y?rﬁ"’égﬁ’ondi ng installations on land can be YHEERMRct of
such fires and such fires have, 5 unfortunately, occurred with catastrophic
consequences and the | oss of many |ives. Pn the case of jet fires, the
tenperature rises very quickly (10-15 seconds) to a magni tude of

1300-1400[err]C, a he fire s.a, typical. heat f] ux den3|t of 360
kWnierr] and Iim% W ® ¥BBLYP ekWﬁ%/"g“r‘ﬁ*]%ﬁ"‘ whigh, mes, ageur, wh

background, the remtdrgysﬂﬁdﬁefmmnﬂemm bxfnisxtde:rlﬁohapteksm shehnug indafesls very

hi gh demands on fi rd&QE nel_of e platforns are
t hus equi pped wit hgagd’vsglfr‘{gﬁé%e@gﬁ% rgmpgn l(m?dgns [wf)Ln inﬁng{rnﬁgdm?ge

vol umes of water fingnHations encland sar éle élystuénﬁ ﬁawhgir%r%}dcﬂuds fires kai¢, parts of

the platforms. 15 yprhiambebg, Lﬂcéﬁ'rled/ witlealaBFopRE Esbt@icanth b ioRYR nfiny IWJQSt ry,
there has | ong been expreSsed the need F corrosi on-resi stant” and

fire-resistant pi p# 998eREict W&% ‘*E?afﬁ“ﬂ?émﬁ%éffs verg [auirkly, (Lol esecogdys) &p B
platforms, mlitar magmﬁc&eifasaoanalooeclat WHEK@E Sre hﬂh&hﬁcap@efaiﬂl&l&@ft} ¥®brict and
advanced requirene ,ar Wb Sqog%gept to fire resistance and
corrosi on resistant8™ Mdesire to greatly reduce or
preferably totally 20 ellmnate the need to carry out welding work or
other hot work.;Th t \, [
corrosion-resi st an?g%%% bra%%m?lgjglthgtr%?\feglwola ﬁ@é&s%%s#?e atn? oH'iaS{X ﬁgadvanced
appl i cati ons and wvarhhigh demendsren fige #@Ewdcﬁfbpwmmémmlﬁrw arh

material s used hit esdq; gerd%mra@@ade&sﬁﬁda@ﬁe&nebasé’@on pusx}s ﬁm}gatvalhﬁlys &l i m nat ed
in certain cases, and \M?l ble to0 Effor furt [?lrrportant

advant ages with re’é'btércffm’c efeP§a‘$W§tF‘3’fa}Fa§1P$Uﬁn° gidp dl@ans{ e pBemSn. by usi ng

the specific properties of the pipe material used, for instance better
col d-form ng prlgpef’&r{i&ﬁﬂy in the offshore and shipyard industry, there has long been expressed

the need for corrosion-resistant and fire-resistant pipe systems that can be used, for

instance, on oil platforms, military vessels and oil tankers, where particularly strict
and advanced requirements are found with respect to fire resistance and corrosion
resistance and where there is a desire to greatly reduce or preferably totally

20  eliminate the need to carry out welding work or other hot work.

The object of the present invention is to provide a corrosion-resistant and fire-
resistant pipe system for the most advanced applications and with which the
aforesaid problems associated with materials used hitherto are greatly reduced or
25  even totally eliminated in certain cases, and which is also able to afford further
important advantages with respect to its installation and re-construction, by using
the specific properties of the pipe material used, for instance better cold-forming

properties.
30 The inventive pipe system is characterised to this end by the features set forth in

the following Claims. The pipe system thus includes rigid and cold-formable pipe

sections or lengths that include one or more tubular rubber layers and reinforcing
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30 The inventive pipe systemis characterised to this end by the features
set forth in the followng Cains. The pipe systemthus includes rigid and
col d-formabl e pi pe sections or lengths that include one or nore tubular
rubber | ayers and reinforcing Printed from M nosa 07/03/1999 10: 46: 13 page
-5-. | ayers which surround or enbrace one or nore of said tubular rubber
| ayers and consist of wires or ribbons that are wound, braided, knitted or
that are nade V8*#¥&s one another in some ot her way and PEEFSYE2hi ch
defines a winding or spiralling angle with the |ongitudinal axis of -
respective pipe sections such as to 5 i npart the greatest possible
strength to the reinforced, tubular rubber layers and, when applicable, to
branch connecti ong, Er?ﬂuhfé%%ﬁ,ﬁﬁd &gemgfl@e eQJ?rr%?eCt;f*sQHt bglaﬁ&%ep?a erPhRE Section
ina multi-path cod ri formab pi pe sections” is
meant here that s&P@lséég‘YlF%ﬁéﬂbbaﬁ* B#t|age ‘b@nééwwdednler&tfedwra@t #re 194§ &y mat i on of

the pi pe sections crdsﬁoﬁehén‘éthSinHtsSﬁié othbrt wdySanWQhdhMof iR &ﬁx&el’s\@ Jah&ﬁg B pes t hat
can be bent w thout ?néﬁﬁ itlc def or tlon are referred to as "hoses"
by way of defi ni tlB‘ﬁ’ﬁ‘n&ﬁﬂger 5 ?P@‘H@W?laﬁ’é BEPEEHYERRE fectionysuFh 24 or nore
rubber |ayers o rimyartcie giegést pcrssmlaarength mmerﬁxéq&eﬁdamﬁraylﬁmslaﬁstam,en r ubber

| ayers. The rei nforC| n se i t itlic he nost

i nportant thing i n rIln hcorfneh't%?c(l)lr?&fne t (] r5c'39n |°é%/%get%%mﬁpemt°¥ehst possi bl e
stability and st r eipgiséstiemid a ajulticpathsouplipg. BV &dwﬂgﬁdﬂr@mme seqtighdiit y, or
bendi ng resi st anceneamhrﬁhlaﬁgaﬁ@écﬁ&mwﬁonglbpsen&&dm leRbAdibh 6thd YpNd Whi ch

differentiates said pipe froma "hose", as |ndicated above. It 1s known
from t he manuf act GFEOwf Inrt’é'f FAmtsKteib i YOFR mevtioning thatanipes Fiat <ap AeleAl=ishomt ¢ or t he
spiral ling angice asy plisti€adformbhiion aleeef@rt keed “hdsese by wiyeof ddhiditien. angl e t hat each
reinforcing 20 wre or reinforcing ribbon defines with the | ongitudinal
axis of the hose (the pipe), lies wwthin a given, narrow angul ar range of
about 54, there i STholtisfriementmay be pgepwlated aberei arymern dubbéreiyersadr masgi di ty

that is not suitalbgid &er&%&&@kepwteqaﬁeso%zwea Hmﬁerusye»ewﬁedremmﬁge possi ble
to bend the product w thout it berng deforned rEﬂastl cally and therewith

| ose its hose pr oﬁ@ﬁ?@é@e@%mﬁéﬁ?%%}m&%\i@“ ipperiantthigg indhis foapRgionigty 25
therefore be awoi deeve Nhes ptedlestPotsibla Glabilit®.and strength and also to achieve a high

flexural rigidity, or bending resistance, which enables the pipe to deform plastically

and which differentiates said pipe from a “hose”, as indicated above. It is known
from the manufacture of reinforced hose that when the winding angle, or the
spiralling angle as it can also be called, i.e. the acute angle that each reinforcing
20  wire or reinforcing ribbon defines with the longitudinal axis of the hose (the pipe),
lies within a given, narrow angular range of about 54°, there is obtained a strength,
stability and flexural rigidity that is not suitable with respect to a hose, since it
would not be possible to bend the product without it being deformed plastically
and therewith lose its hose properties as defined above. This angular range must

25  therefore be avoided in such manufacture.

The reinforcement is wound by first placing a layer of wires or ribbons obliquely
adjacent one another, so as to define said angle with the longitudinal axis,
whereafter there is laid on said first layer a further layer that crosses the first layer
30  but still defines the same angle with the long axis. Braiding is effected in a similar
manner, with the exception that the mutually crossing wires are braided in one

another, but not fixed to one another at their meeting points. It is also possible, and
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The reinforcenment is wound by first placing a |ayer of wires or ribbons
obl i quely adj acent one another, so as to define said angle with the

| ongi tudi nal axis, whereafter there is laid on said first layer a further

| ayer 't hat crosses the first |ayer 30 but still defines the same angle
with the long axis. Braiding is effected in a simlar manner, wth the
exception that _the nutually crossing wires are braided in _one another, but
not fixed to oN8°¥H¥her at their neeting points. It is ZCTEEBIY bl e, and
Printed from M nosa 07/03/ 1999 10: 46: 13 page - 6- in many cases sinpler,
to apply a prefabricated reinforcenent in3the formof a wire net that

I ncl udes such an angl e between the nut uaIIy crossing wires in the net, such
that the wire directions define said dete ed an 54{err]) Wi th
the | ongitudinal df FEBt 5 SEPIE, Paﬂ%lw brcfefitf @mﬁ@? tie AT § MES ¢ ubul ar
rubber layer. 5 Wiehthatishidestsedhtah mlemémemmmuumj;y txbsinbe&és 1pﬂraaetbéueh

properties to the pipe mater.ial |n | ref edthat

t he rei nforcement t@g @FS‘Y‘? ‘fecw’élfe{jl agi 5%??%%%“ &Weé( ﬁ% ?mterl al

of the Kevl ar typelong'l'tbdml ﬂlabﬁoaraﬁerr(hamfgcptacﬁrtm‘ttet minétheaibulms-umﬂhyecul arly
preferred, si nc€ I nparts to the pipe material both the necessary 10
strength, stability and appropriate flexural rigidity and other val uable
properties, such a¥ith8winestiefhef imfaging ithedes nessible Propertigstte thegipe maierisldmveni ent | y

be produced with age Sipd Sterh, WD ErerkRYIRE m@ PSR mest QBAsTsid BPRE I RS BdbAl S OF
rubber types that have

r Qper d dto fic apllcatlonfor
whi ch the pipe mat ‘?%ﬁ"g’f’g |%38ﬁ’o‘ggh H’B? tﬁ”dﬁaﬁl‘s’g"‘ e SKterigk F armmabl e,
which is an obli ga@aatcylaw mekfrédy sinfe mhpansmlthermbmtezﬁabﬁh itieel necemy rubber |
may conveni entl [ A1 [ have a | ow
t her mal conduct?/wsttéggﬂl\sf?g Smtpgt Hem H?KI Ian8 i 9"iéuafr’)le g’g‘f““rs rubber
of the type desi gnmb@lwwblslﬂ; WMTMGatgmmonﬁhenﬂpbpemm«bmthl in the

i nventive pipe sysieilasvuteaft: fRa6R mgﬁmamrar%m} YypéOtmat RO fire
resi stance, such as to,be able to resjst a jet fire with a heat f]lux

density of 500 kWRFPReP aa‘?PEFdat°fq"%tﬁ%°°‘fi%ﬁb?§‘Fﬁ{°ﬁrf%‘ Hhich, ghsupive MOSFA (] C for at
| east two hours. Tiaendeatieaddition tdlRing vied-infladiableeviidh\iea dblightdry propergloer fire
resi stance andlg:ansulghe

:‘

oY %%erial, the rubber may conveniently also be non-toxic or non-smoke
forming, or may have a low thermal conductivity. A highly suitable material in this
respect is rubber of the type designated VIKING NOFLAME 815 or 915.

The pipe material in the inventive pipe system has been found to have surprisingly
20  good fire resistance, such as to be able to resist a jet fire with a heat flux density of
500 KW/m? and a flame temperature of about 1400°C for at least two hours. The
material, however, can be given a still higher fire resistance and can be given
properties which render the material self-sealing and self-protecting at extremely
high heat flux densities, such as in the case of a jet fire, similar to the pipes and
25  hoses described in our co-terminus Patent Application SE-A-9703110-8 with the
title “A Tube or Hose Capable of Withstanding Extreme Heat Flux Densities”. In
this case, the inner rubber layer must be embraced by a perforated casing. This
casing may consist of the inner layer of said reinforcing layers, although it may
alternatively conmsist of a separate layer, which does not need to possess the
30 reinforcing properties of the reinforcement layers in accordance with this invention.
The holes or perforations in the casing shall lie adjacent one another and have a

smallest cross-sectional area that is able to provide a “nozzle effect” under the
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properties which render the material self-sealing and self-protecting at
extrenely high heat flux densities, such as in the case of a jet fire,
simlar to the pipes and 25 hoses described in our co-term nus Patent
Application SE-A-9703110-8 with the title "A Tube or Hose Capabl e of

Wt hstandi ng Extreme Heat Flux Densities". In this case, the inner rubber

| ayer nust be enbraced by a perforated casing. This casing nmay consi st of
the inner | ay®O%#1%%i d reinforcing layers, although it ‘?éﬁﬁ?ﬁ/“ﬁ‘@? natively
consi st of a separate |layer, which does not need to possess the 30
reinforcing properties of the reinforcem®nt |ayers in accordance with this’
i nvention. The holes or perforations in the casing shall |ie adjacent one

anot her and have a.s | est. cr.oss-secti.qnal ar that is able rovi de a
Thozzl e of fec  ufHiRt SRS AN CTRRHRONE 5 R 19 FBsrsee b ohie 13 pago

-7- action of parossonsiisgpedieteindnet andiogickndy ehel liquid priassurp fop evhicH the pipe
cross-sectional a t (o) loSedif ] . .s..gi ven by
the liquid pr essu{sggﬁ{g%d' I (ﬁ%&[%gﬁag% [k)oe&?rsdoisc?lt engg{’f?{t%ggg%el%gg ‘%ﬂgermade to
our co-term nus PesRees. Application in other respects. 5 The branch
connection forgconnecting one pipe section to another pipe section in the
i nventive pipe systemis characterised in that it includes a netal or
pl astic pipe- pielke Yransh coppestion fop eanpseting) onp gige segtiqn;tp apothep pipe gaciion in oy
cal I'i per that i ncthed@entite fipedgstenpis Ciatrctefisedin\thanly indlolied aadbehl o pladtid pipa-dl y
extending part for. r LYI N fl ange- 10 . ort. . orrespondi ng, -
second semi -circuf lgcre%gaglhfsl aﬁlgoru?e\ﬂkf]l?n(,gﬁ% ?r(g)igsglfuh%lréﬂ% ctallt!{p etrﬁﬁ(;agfn?ﬂfl gets T per, is
intended to form piegei legrivingalméad ajdodm puteardisi redtending  prrp €or viaelving e fladed  of _
appropriate cqgpl LgATRANS corﬁmn&iﬁg,ege%wJammﬂcsiartéamp&'mm%gge&rmﬁ' ingly in
place in a hole forned in the pipe in an_assenbl ed state. The pi pe-pi ece of
sai d connecti on ni% firshealipen isintendedya formasingeshepgd lojt arowndths pipe withitteng on its
outer 15  surfacad dougpvepfidt Youplingtnkeansf 4nd AGLawitiible MheRiimfgdca Malingydis t he form
of a nut screwed gnta the1 g%gg-{ahgce t her evvintutg enl%bl,ljhng. t he p(gsi. ion of the
flange al ong the PP{d™ 2HPsdumediogle pies e &m0l 0% e PREPSIS -Sﬁ'laece of
sai d connecti on neonnextitre may converieptly be provided with a sealing coating on its outer

15  surface downwardly of the flange, which preferably has the form of a mut screwed

onto the pipe-piece therewith enabling the position of the flange along the pipe-
piece to be adjusted. However, the pipe-piece of said connection may alternatively

lack the provision of a separate sealing means on its outer surface.

20 The pipe material used in the inventive pipe system possesses the good and
desirable properties of a metal pipe or a composite pipe and can be cold-formed
and thus bent in the absence of heat or need to use special bend tools. The pipe
material can also be spliced and joined without being welded or worked in any
other way that requires the application of heat. The material is also totally

25  corrosion resistant, even with respect to aggressive liquids and at temperatures
above normal room temperature, which is pot the case with the metallic materials
relevant in this context. This high resistance to corrosion is because the inner side
of the pipe is comprised of rubber. The type of rubber used will be chosen largely
with respect to the nature of the liquid to be transported in the system.

30
As before mentioned, there is used in accordance with the invention in hose

manufacture the earlier known phenomenon withh which the highest possible
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| ack the provision of a separate sealing nmeans on its outer surface. 20
The pipe material used in the inventive pipe system possesses the good and
desirabl e properties of a netal pipe or a conposite pipe and can be
cold-fornmed and thus bent in the absence of heat or need to use special
bend tools. The pipe material can also be spliced and joined w thout being
wel ded or worked in any other way that requires the application of heat.
The material MO%YH® totally 25 corrosion resistant, REFEWUR?respect to
aggressive liquids and at tenperatures above normal roomtenperature, which
is not the case with the netallic materials relevant in this context. This
hi gh resi stance to corrosion is because the inner side of the pipe is .
conpri sed of rubber. The type of rubber used will be chosen largely with
respect to the nafttfehdt obtiaed) ip fuieiifored mebber ppdusoMhwdthe seigfereemepsisem 30 As
before nmentioned, wold@r £ o Sved SARkilg Nunde GRHi-EIRINE Gngld) LR abdie sk \uRRYubIOfhei N hOSE
manuf acture the earlier _known ,hsglrgo non wth._ whi %h t he hi %ges,t possi bl e
Printed fromM mg‘ﬁqwmﬂefé%éli ifgcrﬁi racterisme ability of being ghle s bend Withowy aj ned i n
a reinforced rubbekstidefdtaationNVAe far ke dreawie) tisyiervinendh haOA darkidr bdengi VeN

wi ndi ng angle (spiraljsing angle) .of about. 54| er I ugh. t he. product
will then Ioos(g ipﬁ#g@&fﬁﬂﬁ%ﬁ%ﬁ; %aerllgsolmr u%ﬁx[gﬁ {“ﬁi r%%““’b%?ﬁn‘g 4 epptgncbend

wi t hout plastic déédhintpinesirhavidgthf dighestspossibla stepngtivancestabiling witlptespeonienon has

not earlier been @ire_raa{f&ma%f&u&ginstpardao@u;sﬁeéuy-mlei«ﬂoseﬁ.tﬁiegipgg hgid and
readily col d-deforned plastic flexible "pipes" having thé highest possible

strength and st abFecHny 2¢tPidins fathgiaveptionaygasiebifiy; sergiteadd bendigg oEpYties| nst ead of
el astically fl exi bhih cfoBetem tdhat pi pel eesiphoRted by csnveitibmn pip@6Reketti Ng t0 t he

i nventi on have.a stabilit. strengt h,.an endi n rties which enabl es
themto rest gqu an %‘é%ﬁ%%&?ﬁ’t“éap V‘a@t&)ﬁ’gﬁ‘gﬁ“ ﬁ“g& ag{(’g%%ﬂr’ta"éﬁ‘é?%‘f &  without
saggi ng to any appelé¢sttaltd e deitdegrometandhapsudion sedesiedhevepithoudthe e ofed in a
cold state to a d%&sﬁ@ﬁn&gﬁ?,g%th{s{aﬁce%m@ptﬁﬁ%?&m?90rﬁje?ssdrraf'oqnd SHE B §hout the

use of tools to this e I nst.ance n turning round corners or around
ot her pipes or cofendrifssand il asigapaindeit fent st n t heir bent shapes.

[(el=ie)

15  The stability of the pipe provided by the reinforcement is not affected in any
negative way, not even when making holes in the pipe for accommodating branch

connections.

The inventive pipe system has a number of advantages over different conventional
20  metallic and other materials hitherto used for pipe systems. Particularly important

advantages are given in the following list:

= A substantial reduction in weight in relation to metal pipes.
e A ope-third reduction in the case of steel pipes.
25 e A significant price reduction etc.
o Enhanced operational safety due to the absence of corrosion or deposits.
¢ Explosion-proof.
s Can withstand external mechanical impacts and internal mechanical impacts
resulting from so-called water hammer.
30 o Cheaper and easier to install than metallic pipes.

o Easier to transport, by virtue of being able to reel the material on drums.
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15 The stability of the pipe provided by the reinforcenent is not
affected in any negative way, not even when naking holes in the pipe for
accomodat i ng branch connections. The inventive pipe system has a nunber of
advant ages over different conventional 20 nmetallic and other materials
hitherto used for pipe systens. Particularly inportant advantages are given
in the followng list: * A substantial reduction in weight in relation to
metal pipes. *WR%H&% hird reduction in the case of steelPPFE¥OIN2D5  « A
significant price reduction etc. * Enhanced operational safety due to the
absence of corrosion or deposits. * Explo§ion-proof. * Can wthstand
external nechanical inpacts and internal nechanical inpacts resulting from

so-call ed water hammer. 30 * Cheaper . and easier to install than netallic
pi pes. * Easier to® tYEhLHER0rt dusgo Prepstyly Wimpasi ng able to reel the material

on drums. Printed { renmiddents aedd of Gidkd Ofeaddl 4@: the liRA8@ing Installation amdf er
transport, due to insensitivity to inpacts. * Elimnate the need of

wel di ng, heating and¥#&Y1ike during installation and assenbly. * No risk
of frost or freezi aQNdéastngRfroshdel fedrhigl dafiagenand Ring |caC GakiViplabed WAthdut
incurring material problens. .* zzles can be fitted easily. * No

requi rement of #nsuf%&fﬁg %?dgﬁﬁa%%ld pi pes. * At |east 30 years operating
time. 10 The i nveri{azaes can bd fittadeusilye described in nore detail with

i ew of one. embod: ot Papupf ot B RRand Qe T UCn e pr pe system
and Figure 2 is a cridsstSégeasompehtingitimey of a pi pe and shows a connecting
devi ce used in pipe
10 The invention will now be described in more detail with reference to the
accompanying drawings, in.which Figure 1 is a perspective view of one
embodiment of the pipe material in the inventive pipe system; and Figure 2 is a
cross-sectional view of a pipe and shows a connecting device used in pipe
~ installation work.
15
Figure 1 illustrates part of a pipe section or pipe length 10 of one embodiment,
where both rubber and reinforcement are included in separate layers. The pipe
section 10 thus comprises an inner rubber layer 11 made from a type of material
adapted to the liquid transported in the pipe. The inner rubber layer 11 is embraced
20 by a first reinforcement layer 12, in the illustrated case a woven wire-net where the
wires have a winding angle of about 54° in both wire-directions in the net. The first
reinforcement layer 12 is embraced by an intermediate rubber layer 13 whose
thickness is normally greater than the thickness of the inner rubber layer 11. The
intermediate rubber layer 13 is embraced by a second reinforcement layer 14.
25  Although in the case of the illustrated embodiment, the second reinforcement layer
is similar to the first reinforcement layer 12 it may differ from said first
reinforcement layér and yet still lie within the concept of the invention, and may be
comprised of material different to that from which the first reinforcement layer 12
is made. The second reinforcement layer 14 is embraced by an outermost rubber
30 layer 15 which, similar to the intermediate rubber layer 13, is comprised of a rubber

material and rubber type adapted to the user requirements of the pipe system, for
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installation work. 15 Figure 1 illustrates part of a pipe section or pipe

| ength 10 of one enbodi nent, where both rubber and reinforcenent are
included in separate |ayers. The pipe section 10 thus conprises an inner
rubber | ayer 11 nade froma type of material adapted to the liquid
transported in the pipe. The inner rubber layer 11 is enbraced 20 by a
first reinforcenent layer 12, in the illustrated case a woven W re-net
where the wir 2OWAPE 5 wi ndi ng angl e of about 54[err] i FPGER01529
wire-directions in the net. The first reinforcenent |ayer 12 is enbraced by
an internedi ate rubber |ayer 13 whose t hi%ckness is normal Iy greater than
the thickness of the inner rubber layer 11. The internedi ate rubber | ayer

13 is enbraced by.a second.reinforc t layer .14 .25  Although in the
case of the i 11 usPRAREAENTG BN S uEe PURESPecRe Rt SPayer | s
simlar to the fi wihreserindptfrenent |ayer 12 it may differ fromsaid first
rei nforcenent |ayer and yet still lie within the concept of the invention,
and may be conprised of material different to that fromwhich the first

rei nforcenent | ayBigure2 iy acroprgpstionglyiewses @ gine secidmiOshag inplndes 2 inglerubllet | s
embraced by ansoufa@sMP$ whitPRRreidBroemenBd ks 12D 10k GlorpSihtdd |G plpe 1bheE

i nternmedi ate rubber %ngﬁr g i,S. conpri,sed gf a. rubber material and rubber
type adapted to t fFEudpsafole By gecpiung.s,pibe-pipee | f eloneing ta.3 eqnusetingr dgyiceotd. ne ed fr om
M nosa 07/ 03/ 19991nl tdiicn i3thp pipe-piedeDl7, the devisd tineludes lah @ppef iséndl-clir@fidrst ance and

hi gh-tenperature | ] ' Lor.in i,.th respect to jet

fires. Figure 2 i gﬂg’wc?%%gt?%agggsgth%ﬁryvex%wl%E otét?o%fzget}qgste})(%st FoPPrey tzﬁuat

i ncl udes a singl ethravigheshick the fipeypiace 17 extenduiiibe ipipewsca &1 infrosvemedefrom| ayers 12,

14 are incorpqgpat Qing H¥G B PRipeO1d, B et Df @ 2l sk Ghe’ bytarfly P! PE- Pi €CE

17 belonging to a connecting é%v;ce 18. In addition to the_ pipe-piece 17,

the device 18 i ncPHigRdes ayt 3 ehe Uastnted £a5¢ theflange 2P hpsths fory of 4. Fhes an

outwar dl y ext endi Beyicp 08 hlsodicludes 4 Haadm, RednddallipEen whigh b bt Binaetesd tavhiech t he

pi pe-pi ece 17 extends. .lhe.bipe-piece 17 .. revented from,10,  sliding

fromthe calliper u@ffr, o) errré%hg C%J%ecaor? Fén“g’%&zgayt ﬁoglflétfogtng&i ar?d tjbﬁ’lés 8bit war di y
alternatively, a snap-locking means. The bottom part 17A of the pipe-piece 17 has :

15  onits outer surface a coating 25 which acts sealingly against the wall 26 of the hole
16 when the device 18 is fitted on the pipe 10 by means of the callipers 19 and 23

and the connectors 24.
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extending part 20. In the illustrated case, the flange 22 has the forn1of a
nut. The device 18 al so includes a bottom second cal an be
connected to the upper calliper 19 by connectors 24, E“m m t of
nuts and bolts or, alternatively, a snap-I|ocking nea L o] 0n1part 17A
of -the pi pe-piece 17 has 15 on its outer surface a coating 25 which acts
sealingly against the wall 26 of the hole 16 when the device 18 is fitted
on the pipe 10YBY"H¥ns of the callipers 19 and 23 and t RETERHAES ors 24.
Printed from M npbsa 07/03/1999 10: 46: 13(Page -11- REPLACEMENT SHEET
CLAI MS: 1. A corrosion-resistan% and fire-resistant pipe system
suitable for sprinkler systens and the like in the offshore industry and
also on mlitary and civilian seagoing gﬁﬁﬁwg and general ly as sprinkler
systens in official buildings and in in aI bui | di ngs, characterised in
that the pipe systemincludes rigid and col d-formabl e pi pe sections (10)

that have one of pre t ubUl atSulaBlhPURY kbl dpe Wbeck ikl if O coTONt

| ayers (12, 14) that surroun enbrace one or tubul ar rubber

layers (11, 13, 15prinkigéyseems andithe dkeinghe efbpre indigieyrad abse ce owiliry sedl of wires
or ribbons thats ar(ﬁknlmwagomgbﬂéﬁélﬂﬁﬂhgekdﬂdl%h@%nﬂﬂergﬁfeﬂiﬁﬁ ofitiaPRBinQlPE" Way SO
S

as to cross each ather, .and, wherein eac W res or rlbbons defi nes
wi th the | ongitudi 'ﬂé‘fd““ﬁ%?é’u’m"gf [faATpEtprLse épcfhﬁt © pipp pysiem inciuies geig rand
spiralising angl e dohisfbroiabip aipt sectidne (19) thatt leed onp @ sibiel tebulit Fubbig tldyers ¢115ai d

reinforced, tubul af3 ifgg.ll&frr m}'o?c\érﬁgré la§e}sl(’12 ]15) thgt@rrouﬁtpgr' em‘é?%%n%%p 1|'n|01%% e,

branch connecti ons ( connecting’a pi pe sect £0 anot her pipe
section in a nultisa IaédH‘?ﬁle# fegers £11, 13, 15), wherp, Smédﬁm@#@mﬂ@sﬂssarant and

fire-resistant 1pi PRmpNRY 6 Wired 6L GHbEHsAht b v&;h@a Ht‘allied maéda&tf&ﬁlh&ﬁ%}n@ that the
rei nforcenent |layers (12, 14) are encapsuhg I n one or nore rubber |ayers

(11, 13, 15). 3. other Way 5o a5 fofqspeach Qihpre R WAEFR Say of Faidcwipes oF SPbAR pi pe
system accordi ng defineClwéth e longmititnaicads ®F ths @lbe sddtidr@0) 4 WiadiigorvpRilisiagrent

layers (12, 14) Ii ﬁgl@%hap f;ln%ar%rtherrgorga?est possible strength to said reinforced, tubular rubber
layers (11, 13, 15), and, whgn applicable, branch connections (18) for connecting a
15  pipe section (10) to another pipe section in a multi-path coupling.

2. A corrosion-resistant and fire-resistant pipe system according to
Claim 1, characterised in that the reinforcement (12, 14) is encapsulated in one or

more rubber layers (11, 13, 15).

20
3. A corrosion-resistant and fire-resistant pipe system according to
Claim 1, characterised in that the reinforcement (12, 14) lies as one or more
separate layers between said rubber layers (11, 13, 15).

25 4, A corrosion-resistant and fire-resistant pipe system according to

Claims 1-3, characterised in that the reinforcement material is comprised of metal

wire or carbon-fibre based composite wire.

5. A corrosion-resistant and fire-resistant pipe system according to
30  Claims 1-4; characterised in that at least one outer rubber layer (13, 15) is
comprised of a rubber material or rubber type that has properties adapted for the

specific application of the pifse material.

This Sheet Has Been Replaced
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separate |ayers between said rubber layers (11, 13, 15).
corrosion-resistant and fire-resistant pipe system

1-3, characterised in that the material of said rein @[’% i" Hms ﬂl,ls
conprised of metal wire or carbon-fibre based conpos
corrosion-resistant and fire-resistant pipe system according to °d i ns

1-4, characterised in that at | east one outer of said tubul ar rubber

(13, 15) is cOYPPNPEY of a rubber material or rubber typECHARAVOIARR

S

properties adapted for the specific appllcatlon of the pipe material-.

REPLACEMENT SHEET 6.
system according to Cains 1-5,

surrounds the nost inner |ayer of said tubular rubber |ayer (11)
therewith, wherein said perforated casing may be conprised of one of said

rei nforcenent |ayeérs (12) Aocormosigh-fedstzat ami Areartsistahtayipe ,syseend asvhedingi 0 sai d

to Clalns

| ayer

perf orat 1 0ns Nave il | fabuGhRE b bl tad 6 HIARE T B TaYLOe 2

nozzl e effect mnt

respe

extreme heat flsux oflgHa< bdi®Rinforcement layers (12) or may be a separate layer, and wherein

10

15

20

25

said perforations have a smallest cross-sectional area chosen to provide a nozzle
effect with respect to pressurised liquid in said pipe section (10), and also to impart
to the pipe material self-sealing properties even at extreme heat flux densities.

7. A branch connection (18) for connecting a pipe section (10) to
another pipe section in the pipe system according to Claims 1-6, characterised in
that said branch connection includes a metal or plastic pipe-piece (17), a flange
(12) mounted on the outside of said pipe-piece (17), a first semi-circular calliper
(19) having a pipe-piece receiving hole (21) and an outwardly extending part (20)
for supporting the flange (22), and an opposing, second semi-circular calliper (23),
wherein said first and said second callipers (19, 23) together form a ring-shaped
join around the pipe section (10), with the aid of suitable coupling means (24),
such as to hold the pipe-piece (17) sealingly in place in a hole (16) provided in the
pipe section (10) when said pipe-piece is fitted.

8. A branch connection according to Claim 7, characterised in that the

pipe-piece (17) includes a sealing coating (25) on its outer surface downwards on
the flange (22).

9. A branch connection according to Claims 7 and 8, characterised in
that the flange (22) has the form of a nut screwed onto safd pipe-piece, therewith
enabling the position of the flange on said pipe-piece (17) to be adjusted and
preventing rotation of said pipe-piece (17).

eet Has Been Replaced

A corrosiohlresistant and fire-resistant pi pe
characterised by a perforated casing that
i n contact

plpe Qe€t i on (10),
and al so to inpar tayqrdllt)wecqgugéhm@;w@reus%idfpcg@aw pRging may be ¢campsisedven at

T
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