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The high stress at the ends of adhesive in such a lap shear joint can result in failure
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Drawings
FIG. 1 is an exemplary fi fiber remforced composne plpe joint W1th the outer coupling
being in longltudmal cross section; ,
35 ~ FIG.2isa s1de view of the inner member of a joint partially in longltudmal cross
section for a second embodiment of fiber reinforced composite pipe with embedded steel

strips;
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-3- strong thermoplastlc material. A preferred key for many apphcanons is formed of high
'punty alummum, which has relatively high strength, is quite ductile and is corrosion
resistant. A_lummum has about twice the shear strength of nylon. Aluminum is desirable for
- applications where the pipe may be immersed in water. Nylon tends to swell during
35 exposure to water.
_ Another smtable key, as illustrated in FIG 5 may be formed by embeddmg a ﬂexxble
steel core 18 ina layer of ductlle plastic sheath 19 such as nylon The steel core may be a
single wire or is preferably a cable twisted from multiple strands of wire for greater
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35 A preferred sealant comprises a two part thermosetting polysulfide resin. This is a
. relatively low cost, temperature and solvent resistant resin that adheres well to surfaces, even
if wet. By selection of activators, etc., the pot life of the resin can be adjusted to provide
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The pipe joint has an external tapered ‘surface 42 with a half round groove 43
- extending helically along its length. The taper has an included haif angle of four degrees.
35 In an exemplary embodiment of a nominal 25 centimeter diameter pipe, the length of the
taper which could engage an internal taper in a coupling is at least 25 centimeters and
preferably 26 or 27 centimeters. The pitch of the groove is about 3 centimeters, yielding a
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fé%%igmﬁﬁ Eﬁ% %’ﬁv pipe. S nc'feié’ta\%gt{’ﬁir%ismgﬁh cﬁ%@@%ﬁrﬂ g’é’d’% oad
WO 96/ 129110n the other hand, asmnnethatmesuffnessofthecouhnglsexactl e tothe
1L B, i L i B i
half is carried by the pipe. Thus fofthemternalpmsurelscamedthroughthé
35 plpe-couplmg interface. The addition to the longitudinal load carrying capability of the pipe
joint is thus 50% of the total friction available.
If the coupling stiffness is twice of the pipe, two-thirds of the load is carried by the
couplmg and one-third by the pipe. Since two-thirds of the pressure load is conveyed

st
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of the total theoretical for an infini tél y stiff coupling. In
addition to increasing the stiffness of the couplinig one may increase the
‘pgoportion Wo0961291bf the |ongitudinal |oad car r| ed by fricti BET/H§IS/13698

i ncreasing the length of the joint. Odj nam@y one does not consider
that fri ct itbroughdhepipesroppli Arictien to the\stengthof therkey: is 66%
principle ltﬁ'tﬂ@ftotﬂpmbb&ﬁbdlet‘or AR infittitely sﬁffamplﬁgr easing |l ength of this pipe
joint since the to not .constant..In the p

Lot the.radi o Additon o mciedsind the B of e UphpiRGie Ry incfease foe Rappartion,
pr opor t i onaif the longitudinghload ¢arried byr friction by increasing the: lengik of dhenjoirfta SOmdihdrily s
stiffgess).q tv:t]oes not I&éfder%ﬁat‘?n@h&?J a@ésb iEPEARi %Qﬁfeatﬁ?a%{r&{ Hﬂﬁ That

conponent o I 10 {ra _
For " exanpl GPHRCHBlS oot Bl icabia, owelcr ih af focreRsing JERath o it Ripe) arm evtce fi ol
key i n the radial loadji®not constmtf in thei pipe jointthé aadial load applicd atcthbfﬁdlommer&ce

t he shear

| ongi t udi ng'F FS@J@ ear, the yﬁgﬁgm ﬁesmgfégigﬁ?gﬁerﬂé?&ﬁhggfﬁ% pI pe g
ckhus aﬁ(éW‘B%l?&?‘)‘s pager the ompogent of the bili t)’

joint (bas n Qarrytmggcapa ili

: pretssmgetragde fpfeﬁzf,oﬂ@t tially _cl_ourse I ncreases the radial. Ioad and the :

. contribution o ricti i ction . area .an

_pressure ratingroh&¥ame 01831 &% W“I%E#%%T%gﬁbgtﬂﬁtw%Wt@%@g&' of 'the key i the

. The seal bdoint.ethe fiction prea{autl loadparerdpubled, as il theishear axew ofitheckeyi nThis means

- assenbl i ng tfiat it takes twi&bﬁﬁéld?@xtu&xﬁﬁl 184 B 41fRar e :id&etﬁéi?éssuﬁ@ri‘a bP ERAspE

assenbl ca Pk (bHEd ORJERESIeR) Ao doubled. sﬁ;&émaéme&ﬁ? ircssare rating, of

| OringS i s coursssindrezes the radizidoad ank i conteibutiot b fridtivn. OThis)gloublug of the
formed a Selﬁknoﬂ-meﬁ gpresmecﬁﬁngﬁué}ﬁds%mé ffefibd E&ﬂgoén't 'f&ﬂ"tﬂn%{:er moset ting

' sealant is unped ‘1 ito one e opposite
. passage servi ngThe sgalhbetwgem dhe: pips WrP‘?‘}Ph!lEé!astqﬁélng%ﬂ adyanigge dn assembling a

between th llsameng& mmpmemdelmbeehl o&nfb%dhmaﬁuﬁorﬂﬁﬂé'tﬁt theétehis 3 Ms&iﬁ'ﬁ:m

; d q Th | hen bs. X

For et ect ARG HiRb Pt I Astoipled i 308 toery i chEfkemeRt, the ciback, botye?

rel at 2del y Giripgs tuptessyrized vthcges tomnmwm thﬂ@fmﬂﬁe‘“"e formed a nezlecCttiion
can o, P! ke i, oo e a5k o

e o aRSHERt O E QpROSHS patshes FEYIRG a4 Pleefth?ls gty i iy s

pi pel i nes detween the O-rings hid beeg filled. pA radiopague trateridl such aoad

oint ma al
Jthen s}s/e oglger%ﬁoardg%d?gr eﬁ?h%M bﬁ ﬁurgﬁ‘%ﬁﬂg%y%bﬁgm Qoiﬁgqn

protef? th %é‘éﬂ%mt f‘f&?ﬂ%é”%@ eSthemg@gl @i¢le ean be employed so that the
?H eﬁerml arispecto: drmrafehbbmmrseﬂhmt g @cﬁteﬂf &ndﬁhyfdbnuﬁve?seﬁlsbml%érﬁﬁd%y
I CKNess € racling surraces 1S abou
mm The th.‘%\‘éﬂ%‘SS%‘?‘i"tﬁ‘Sssgg%@@E saﬁ lwﬁﬁit;et ween the O-rings should be
sufficient to p&h tamngmemdsg&sm paticularly, wel suised) fomlayingrubtsed pipelinesor
much bagktﬁmﬂ @ae Muﬂﬂr@c#@fiomgfw&efteg.hf'bﬁﬂfx?i Y e adsemBleds a6 aﬁ@?
acco a €,S al (0] tu na e L.on -0 n
as th j0| ‘}t:a%ls&’ overbo %ega afﬁ F?E‘“ég‘ﬁg‘rﬂ%;ntﬂ
deformns i nt(b-mgppmmehmgcmnfmmmeewahr whﬂeshesnahntbmes.uffl cient to
acconmodat-e th'ﬁn%x%ﬁpws&&l%&a iR OLifRYs oflabSitd.5 cf. THE dfiellesd't

or adhesive_b

6/ 1291
PCT/ US95/ 19§ s&%'mb%%?%@ﬁ fawasrg@%% ﬁ@‘a‘h%mt The, thickness. of; the$pacs, ¢
el ast orer i befweenthe Oatingssho ulﬂrhtmfﬁclemmpemhmeﬂupi&smlammwmpdiﬁnfwmut

stresges a s1§$ f
accon%%dat goésﬁﬁgﬁmgﬁg he re t| ve rgugﬁé(ifﬁt{ﬁtqﬁeness g@?“h%&nge"%adaw
coupl i ng althestrain of longitudinal deformation of the pipe joint as. the joint is pressuri In effect,
a "rectangle” of sealant deforms into a parallelogram and the thickness must be sufficient to
accommodate this strain without exceeding the shear strength of the sealant or adhesive bond
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contribute to adhesive séal ant strength since the radial stress in the

adhesi ve hel ps prevent 5 peeling failure due to internal pressure.

On t he oweooe/1ke11id t he seal ant cannot be too thick or it nmmmmd .
fromthe seal by the internal pressure of the fluid in the pipe. It
tdrns MWMCMWMF} dthetpresenesygf the elastomepic O-xingscati eanh end offiue t o
the prqhs ¢éfam mindfize nrghesireaseeaatqﬁe&ﬁ&ﬁadexmanédﬂme%ﬁh fomJBéAﬁamto

e 2B el Ul St Bl A A i A ol S

st r engtcontibutthtoadhesivk gealamt siengthasinee the iradinhstoess gt the adhesive dhlpstpreveiﬁ

gl i mi{eeﬁﬁgfﬂu}@agé{bwwsu& of onl y about 15-mm is sufficient to
accomuodat e a Tlgxlxd LeSSure of 0 Q00 A short seal
length is ppé‘f glf' tt6‘P17e oééﬁ&ém faom the seab| eq.
For fldiycthamaml yresdurpoﬁﬂielﬁhndmtheqnp@r m‘tamsenitthata&nqoi)bmanwmload '

glo'tjgll é%&ﬁ‘fﬁsa ﬂ%"aﬁe e tes%&rﬁr&b ﬁxeaénﬁ]e pIpe bv ggl n

| engt h§h? shaquld B*)Yiﬂu 1"23%?% betyyeen; the {rings o, rasist inge ssurehincthe
al0one pipe) Fofl acsehlanb wdtht &) lapasheat sﬁ'd?lgﬂobh abowt20 kgt aridrafiat |tﬁicléﬁe%§'6'9| y .

I t.le
oo, ol Wit 5o, B D) 0t SR e o
pi pe s@ceqmmedate an jnierngh pressure "of é&bﬂidg 000¢ps asAgsbon sealnlgngthdis rpa¢fetred1d
carryi 3¢ thRB®jdiht danf Y readily didssembledd i n a well. The joint can be
e P R Heluhetl e FRIRRh 5 3R15BE 5% Rlkmblh.A bt coieling o8 ray C
nbi be end gfiieachilength ermpoat thegnam.lfactunngeates This eaables thecsebletoshe dested and i N ¥ -
¢ e

ggrﬁst?uctggeggow |lr§lgl p%m ?;i es - o ﬁ Egg&ﬂ mver?glhg%ggvgglﬁ%ﬂd

descri Btoncend %@Fﬁ!ﬁ thgeadeat the othery mlm"ée d assembly enly oneqoint needs
nodi i eabe anRleaipdbetweernadiacent lengthseofpige; by those skilled in the art. For

S the ti beFie e, pipe Gl maldes athed @%%nfg*&& BBH Y RIS o B P oo
r4 nf ocasings: cltihas gogd mgxmwelaachem mbgitpiordmm Mglmagmﬂ The -

di amﬂ%?ﬁmﬁé?lhbiniaheu ajamktl wétmdmld f d gaﬁd ﬁ?‘f’ gpg for
asse in of “ dama |

porti oﬁucroi*g g WitR [T{ngs, 3y p HP‘& lﬂPPd -lang

ducti | eealeylmesmldd;bblmﬁmw mmesemae&I turns in such a ~ pipe joint

may be enpl Rm] ﬁﬁgedgﬁb&i EstistriENE a
d#%t 11131%3’;:? g‘ﬁ@ﬁ iucg‘ %ﬂewloﬁb}%gsﬁgﬁ ;“F‘Eﬁl’rﬁ\ée é@?ﬂg?&eh{-‘%g orrrmﬂ%at i on
al ong modlﬁcHngnhand vahmqmspnay beumderby those: skilled jim ithet ant.s F@exmﬂmmvﬁr

glrfe; g;%ﬁgmrﬁe‘?ymﬁ%aﬁlhﬁ | S ance ane t%geh“sfﬁearﬂﬂ{a ers aAo notei’r“at%%&%"d Thi's

04 R Hie Jibes i o gri BB, P rapped arcupd the pipe beyond the lang

enhanc

12/ Usdmmeterendofthe @hlarged area may be engaged by toolfmgti;?rassemblmgthei .
ure o e pipe join as

been d@@éﬁ@@é"&?“& p| pe gmtf cohtm%r}%ra“gfhe | be apparent that a

simlar strlg ajdtmﬂakpy watha phrehtyofhemailtumamsucha

pipe Jomt may be employed where the pipe joint does not have the described taper. A ductile

key in such an embodiment may have sufficient accommodation for deforming in shear and

redlsmbunngthclongmdmalloadalongthelengthofthepxpe A taper in such a joint is,

35 however, preferred so that the shear load at each turn of the helix is at a different radial

~ distance and the shear layers do not line up. This enhances the shear strength of the pipe
joint. _ , . -
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on one end and an internal taper on the other end. The joint is also
particularly well suited for a high pressure transition between a
"fgber rei nfwooatkotbnposite pipe and a steel coupling, 5 PETPEIH36% her
fitting. It may be useful, for exarrple to include a_steel -cqupling in a

fibel rédthmlt stryeee pf theopipe jpipthag-keea describegd for acripe pad) couplingp
into the i @4l beapparent that a similar stfictede MaF be pfovided' o & pipeywith hh exefial taper

2 i ‘o o %ﬁ?ﬁﬂ@%g&ﬁ@%g@ﬁfkﬁlﬁ%@%ﬁﬂ%ﬁ@%

~stretchi ngforahlgh pressurcammambetw fibergreinfiercedoeompositg piperanda sieel ehupling,
~diffgrent ¢ ﬁemgmfiﬁgem&iaz beTﬁheﬁHUf&rléﬁmﬁfé to ichide @sﬂeélecdu lifig in a fiber
I ffer

: accommdat es t nge ul.us oyt de radi n engt h of
the j oi nt Teipfrced SomRRSite Hpeime r%e ﬁ?@laf Pémggh‘a ﬁ{"ageous when
the pi pe and Steel hasasigiificantlywiifferent modules mddsacmylthan fibefiglass reinfctCed resin. 25

pCT/ usos/ ﬁg%ﬂfh matem?rel Iéﬂé@%f fgé%&xﬁ:gand undergo elongation under load, the stretching

is rather different and the resulting thread pitch is different in the two materials. The ductile

10 - key in the Jomt accommodates the difference in modulus without degrading the strength of
the joint. The sealing arrangement for the Jomt is also advantageous when the pipe and
coupling materials are different.

15

20

30

35
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1. Apipe joint for fiber reinforced co 05|te |pe conpri si ng:
a fiber reinforced conposite pi ;i)llllmm rnaI pi pe joint noiety on
one end; “6)96112911 _ ‘a groove

{

exter naI s /; a coupl i ng having an internal
p|1pe j oA IRLLAIMED RNt ary to the external pipe - ‘joint noiety;
a groove extendlng helically along the length of the internal pipe joint

noi ety havi SHVE Lﬁ'bed"‘ ext ernal pipe
j oi ntyrml et;}%J Aalpiéoﬁp?o 18k Eo%ﬁ&lﬁgg@éﬁodhwl ically a BI Er ality
of turns al ehiiberceinfeicsd Femppgie P‘BE%P an e %P"e-l&‘%tr‘ﬂﬂ!etya%m‘i’l%‘?’nal
pigpe joi nt npgove extendiag herlcaltyrdoﬁgetheﬂemhrofhha/mmu ominm%? %

% it as.

ductllltyfor de |

along the | & %s'ﬂeﬁﬁw dh iy BP0 ntn%‘%*ﬁlbw th 1 3

reci tedjdintmm&t}m 1 wherein each pipe joint noiety’is tapered W th an
i ncl uded halgf g1pB9é Sxﬂeﬂdlhﬁﬁeﬁéﬁl'ﬂ'ealﬂﬁg ﬁl&%ﬁg@ﬂ@f Hib ihtet&l Joit moety having

3. A t, t |t 2 furt |
' corrprr)!sﬁﬁgé e ?‘Sts ‘the evgdpgﬁec B P’@s-'? eﬁ'%ﬂﬂoacent u:)neerend of the
ket nenber, aakqemenﬂesexténdmg hdmaﬂy a pleralkiéy of nnmmbngngoﬂegmugpstﬂoe 1éckimg

tS gr Lgf ﬁtb?am n sh@%@@??r&g@ n?(eﬁ%ﬁﬁﬁs %%ﬂ{e?c Wk&lm lﬁqn‘? %ﬁcwm
j oi nt aéuqtm arfeforming jin-sheafapd srdistriputinglongitedingl loads wg@edmtha?#hq he

shear Sﬁipéﬁ%h of the pipe and coupl I ng adj acent to the grooves. 25

5. Apipe joint as recited in any one of clains 1, 2 or 4 wherein the hoop
stiffness of the coupling adjacent to the internal pipe joint noiet
i d5gr eat er thah pipe joinbps secited e slaimfl wherein eachoips jnintmpigtyeisttapesed twith

ext er najn cRfield Hal¥ angd ﬁltfhera&% of from one to ffve dbghéege j Oi Nt as recited in
any one of clainms 1, 2 or wherein at | east the portion of the pipe
adj acent to the external pi pe-joi nt. moiety is formed with glass fiber

reinforcemer®t. A plpe joint as gecitedaint either ope of ictaims 1 o2 further! comprisipg a dfirst t o

the int jaBént dng énd’ ofolle key meml%rt Ol surflcBfiRGae RNt
T i e s S ) e e e B o g ™

i ncl udem both facmgsunﬁuescfmmaimg thet joéntf Or m of steel strip enbedded within

fiber reinforced resin and wherein the steel strip reinforcenent
ends within the fiber reinforced resin near the end of the pip
joint. 4. A pipe joint as recited in claim 1 wherein the key memberhasunzp one half the

8. A pi §iRat m'éﬁgﬂQSfﬂ%CpFedndhoqﬂﬁigmdfam&hﬂgtdWei .apered portion of the-

pgge havi ng - steel strip reinforcenent conprises a body of fiber

nforced conposite wapped over an end
5. A pipe joint as recited in any one of claims 1, 2 or 4 wherein the hoop stiffness

of the coupling adjacent to the internal pipe joint moiety is greater than the hoop stiffness of
the pipe adjacent to the external pipe joint moiety.

30 © 6. A pipe joint as recited in any one of claims 1, 2 or 4 wherein at least the portion
of the pipe adjacent to the external pipe joint moiety is formed with glass fiber reinforcement
and at least the portion of the coupling zidjacent to the internal pipe joint moiety is formed
with fiber reinforcement having a larger modulus of elasticity than glass.

35 7. A pipe joint as recited in any one of claims 1, 2, 4 or6_ wherein the pipe includes
reinforcement in the form of steel strip embedded within fiber reinforced resin and wherein
the steel strip reinforcement ends within the fiber reinforced resin near the end of the pipe
joint.
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portion of the steel strip, t.h n body bei ng enl ar ged
relative to the outside ﬂl m@m&m I”L I]pl pe renote fromthe joint.
"By wossu%uA pi pe joint *as¢rekit®d Sn*any one of cl aipcaUses/icest or
6 wherein the pipe conprises a plurality of helically wound steel

stripgs and whergi A gipé foiat 4s ncitatiin vlainh i7rwhérein the taperéd pertion &if e pipechaving

t 1
Tor A pi pedtbe i reitoREinet lutisgs 2 b WW“%& Yyfigted ovefhn end
a fiber repmn@dhe@mbmtmsamm odyrheing: gnlarged selative tta dhe opiside

enbedded |Mmroftﬁ¢§@eréﬁbﬁfmqﬂej@ﬁu n the pi pe haV| ng an external
t aper_. on one end; a groove extendlng helically along the
Iengl5n of the external t aper; a coupling having an internal
t aper havi ng a®.i nA|pipedointia$ regitpdein agy Qaermfa@laIIm‘el,lg 4 of §cwherein ithe pipe

angl e on t%ﬂ% O;}ﬁhﬁhﬁptheh ly wound steels ijxﬂ@%e?éﬁ@ﬂdi& plaglis GAthin/the

along the I nt.er na aving th Ltch as the
groove i n Tibgr einferc W@B@Pazfrﬂhapemm tance ﬁ‘eﬁ?‘mtg"’?&?ﬁ%‘b

extending helically a plurality of turns along both grooves for _
Iock| g the extrn %%ﬂ% 11. A

. pi pe Pm nt as r@(r’:lgepdﬁ@ﬂodulr%?n@% r?%elﬁnéo@ﬁﬂsﬁfggm?c%{nrpmmgnds near the -
smal | er achiber geinforeed epraposite pipe including a helically wopp Sétef lostrip embedded ined
| Iln ellthter ﬁ?&hﬁnféicla?'i"éslﬂ%ér pipel] tﬁléxtbhﬂl BipeE o one emtorrp{I ses’ ad

- plurality of helica S rip ends
~within the agroomé)éte’lcgpgnh @?5'333? &%T%@@e@% Tne end of the

. pipe joint. - a coupling havinglan mthnabmppbhlmng@n included helf Anglecthe samepassthee

: plpe onpr . I ei nforced conp03|te plpe |nclud|ng
- at Iegst one gﬁllcalaltl%le onth e ee‘ r| 3&%@( edded in fi rei nf or ced

' resin and havi ri‘ggré?ﬁ"%%@ml} ﬂlﬁpﬁtﬂ}e S‘E‘% apey aving the sgme
~the pipe;  pitch as the groove in the epicimay tdper;i arg an internal joint noiety matching

- the joint noiet QP Girlnd!

. bearing joint @y?l%é‘é%ﬂﬁhgie% Eﬁgg ] |hﬁlcaln%¥| ePl tglwgerel gioﬁﬁ bofﬂ]gﬁfoves for
- the heli calwmmex@mmw@abmersmgmﬁ t he I ongi t udi nal extent of the
. pi peggoi nt and 35 t he end of the steel strip is spaced apart fromthe

. end of the pipeg,so asto .be co tel fiber reinf d
resin 17 Abipdpiicass e e 10 whereil 6 888 ity o T b4

14, A pi peendohthedapereci ted in claim 13 wherein the pipe includes a
plurality of helically wound steel strips enbedded in the fiber

rei nforced resil}r}éag&icﬁ&c?‘?ﬁf&atﬁr}g@steel stltxer58ne of claims l%ngg ﬁ wg?dlffer ent
o

di stance fromt S
reci 25d i ncorhptises aoplaratity of helically vaund steel strips @and svhepein sachysteiptendy within the

of I ber ! gigef,g#spa GRfGe &lﬁaﬂ&%%@&a beaRplpoRikd. ons of all of the
13. A pipe joint for fiber reinforced composlte pipe comprising:
a fiber reinforced composite pipe including at least one helically wound steel strip
30 embedded: in fiber reinforced resin. and havmg an external joint moiety on at least one end
- of the pipe;
a coupling having an internal joint moiety matching the joint moiety on the pipe; and
a longitudinal-shear bearing joint between the matching joint moieties; wherein
the helically wound steel strip ends within the longitudinal extent of the pipe joint and
35  the end of the steel strip is spaced apart from the end of the pipe so as to be completely
encased by fiber reinforced resin. '
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i

oi e remte fram - the ] Z‘Hﬁﬂll!ﬂﬂlﬂlﬂlillllﬂﬂll aper on Lhe outside of {he

body anuvmsqamnal ity of turns of ’hel ical "™ S * groove iPCHHESH6B nal ‘
t aper. lerlt‘)‘ eC|ted in a one of the
pk ecedi ng clhi A W%Pﬁﬁe‘” ci thespipe Heeludes arpiyrality of

corrposhéh‘can wound \steeDsteips mmmdlmmammmﬁnmﬂhamome steel stripe | uded

hal f ap f gr e€es; a hal f
round e“n%‘%ﬁ%. ng I | ca gﬁﬁ-&?@f turns along the | ength of

t he 15 external t aper; a fiber . reinforced conp05|te
opupl i ng hapy, nﬂpaﬁe dﬁh%ﬂadxteaaﬁefmé}&sﬂerucmusldﬂda%&aéi i mrgaf e the
rtiofm,o

igggl ?Sﬁ% ﬁ@p}omer}lgl e on. the e tern e@ﬁ ﬂﬁgﬁéﬁtﬁo g R

hi gher disnmitdrof thd bedsabmng:emlyrydadatﬁamhe outside dianieter of/ theipe i'emme fmni f ness

?aggﬁ e{hetjm Eﬁ%x&ﬁﬂﬂ ﬁ# ‘?‘pr ouoﬂhg%ggvtgé E’E?eﬁy& ngﬁmaﬁ?ﬂaﬁ &]; ura ty of

turns E!'QS’H@‘?I‘\‘F'F t"’B‘F"the internal taper having the sane pitch
a0 the groove in the external taper; - . a round key nenber

extendi ng ooves for
| ocki ng thtelfdexg‘gé h}!lﬁgﬁ%sufe@{ er naﬁ'I p{,%ﬂé{;?%;? ilgt e ¢ he key '
nenber haviahglasssfiber seiforced spmpgsite: pipe thpvmgranmmlctapmomenmnd mjth an shear

and r egfichided thalfl digid mrmewertﬁtfréma%mfourde ng the length of the pipe

Je(nljnf)f e %g@lf ‘ grogx%.regsl a.eal}lle urf ce.. OUttFS)IFJgESt ong%g?eng?h ern t he “’

décondexterial tapexsur f ace i nsi de the coupl | ng faC| ng the first sealing

surface; 3G fiber reinforced Soripdsite QbuRFIBN i Al ﬁ*&hﬂ?@&?ﬁ%&'aﬁ'mﬁh@eﬁﬂf?” ¢
| s be the f t d
seal antUBE Ecame ﬁ%&?&iﬁﬁ%@%@gﬁe&a poRionetihe covplivedeingne 4
iseal anforined of a suffic;ent:anfdmtoémhtemabhﬂdﬂg & higher modolus o elasticity than BRXs ﬂim] .
n t an
o oo PIOYRE 2 B087 tthdst efea psiftness o le sins Bdinosah b0 the ool

al s r, for inj ect| ng seaI ant bet ween the el astoneric seals after the
pi pe j oi nt J halfyowribERdve @r@nding hehcally a 1ma11 1 SR IoAF thd Engt)Bf te/al |

pet wool e ‘bt IR shd il b 30E by Bt ool faper S velsoffng 17 rrom

96/ 12911 a round key member extendmlxgstls/amﬁ@&ty of turns along both giooves forpe
j oi Nt foekinki @' extarnAl AhE GfteFAITIAFE 6 nifieticd Ogethks) Jthe ember ha fiber

Beout dc"@%%@*tiﬁot"nﬁm faan%a“ eﬁﬁﬁﬁ'%ﬁyl%ﬁh#r% g Bhoniicl s o1

j oi nt alongthe length of the pipe jointeans for | ocki ng the external and [ nternaI
pi pe j oi nt ”ﬁ’ﬁ‘s{eﬁéaﬁﬁ éwthg 'n§£ﬁ§
neans for se ng t%\e ] Ol %&é%aceg apbaeF“t’eé %”{“ﬁgﬂﬁgé‘ﬁg or #%ﬁt‘?ﬁt‘h

pi.pe j pe; noi eti.es together conprising:
R asecondsealmgsurfacemsxdethecouphngfacmgtheﬁrstsealmgsurface,
30 a pair-of spaced apart circumferential elastomeric seals between the ﬁrst and second
sealmgsurfaces

a sealant between the elastomeric sealsandadheredtobothsurfaces the sealant being
sufficiently elastic for accommodating 1‘.h¢=j maximum longitudinal shear strain of the pipe
Soint; . o ) T _. .
35 _ ascalant injection passage through a wall of the coupling between the elastomeric seals
' for injecting sealant between the elastomeric seals after the pipe joint is assembled; and
a bleed passage through a wall of the coupling between the elastomeric seals for
releasing air from between the elastomeric seals as sealant is injected. .
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a first surface outside the pip I a second surface
I nside the coupling facing the ﬁi“l“”ul”r“lu |l| IH“I a pair of
spaced apanyookimet erentlal el ast orferitc 8eals bet, ween t he f PCHUSEHNA698
second surfaces, and a seal ant *Bet ween the el astoneric

seal 3 and adheued A@xﬁwjointsfw fihaemmfbtmed compasite pipe comprising:  bei ng

: ff tl
Strain of ) Catier einfindf & B’FM 45pekeEhi bRl frofdly of iBend;
as recited i n @lcanphnghaving mgmngnmety matching the externalpipg,joint moiety;

i njection passagané fopUgtkiig k| exsérnhh and oinpirhalgpipet juien mofeties | @ethsE rih Ca

seal tin eal ant between the el astoneric seals after the
pi pe%J oi ntloﬁkm%‘%tb& a bl eed passage through a wal |
of the coupl i ngeans fiersealing the jointospaced: apast fron the means for lecking; itheypipe rjomt om

bet veen t hasilidSiogbmet EomprasiAg:2S seal ant is injected. 25 30
S a first surface outside the pipe, |
a second surface inside the coupling facing the first surface,
10 a pair of spaced apart circumferential elastomenc seals between the first and

second surfaces, and
a sealant between the elastomeric seals and adhered to both surfaces, the sealant
being sufficiently elastic for accommodating the maximum longitudinal shear strain of
the pipe joint.
15 :
18. A pipe joint as recited in claim 17 further comprising:
a sealant injection passage through a wall of the coupling between the elastomeric seals
for injecting sealant between the elastomeric seals after the pipe joint is assembled; and
_ a bleed passage through a wall of the coupling between the elastomeric seals for
20 releasing air from between the elastomeric seals as sealant is injected.
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