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Ref erence 5 [0001] This application clains the benefit
METHOD S tAND SYSTEMS FOR DETFLCTPA e AND SEALING DRY

?FflICathg}OV|S|ongﬁﬁgg$§%pﬁﬁgpl|cgﬁ§%gsgﬁg¢§¥%k

60/ 956, 655 filed August 17, 2007; (iii) U S
Provi si onal Pat ent Appllcatlon No. 60/917,459 filed
Priowity Duta zbdmcowt(ﬂm BLU EEfePC@W si onal Patent
pl i t|on 60/.88 1
OO(fA\i 1svaplpgﬁat jog ¢; %Bﬁ}f 5?@00 @yIOFl& L@&Xé ?I:,?V S{ogxal Patent
entirety. io Technical Field &5702 The present
Appuhﬁaﬁth@&0f9e7|7&t18§'11€t500ﬁ5@b¢¥&¥s2 d ()4 Se o visinmal Batppiypppyication
and ensuring the integrity of a piping systemthat
No. 68/656,455 6hldattgusat B 2D@T; (iin U.8 sPiovisimnalddsentifppbsation No.
formfluid tight sealed joint connections or

60/923 siI801ilddeslay VDI 03 paa (iv)aak! Frovishmanedtha dgphiogtidyes. 6w 84,262
are provided for detecting a joint connection in the

fileSHRLEDNIV 3AAULA oF SAEANS iMBBIRAABd b fereledcd ihbits batirety.
connection), or a joint connection in the system Wit
an insufficient amount of sealant material, each of

Tedwiedl Bedldne an inproperly seal ed joint connection. In
addition, the nethods and systens herein provide

[0002¢ ans The praseigrinyen{ipn gelathetol methedsomdesy stems farped parg gnd ensuring
seal ed joint connection. Included are products for

the ih@grityngf 4 piping ey siemalss esdl d eslant hetsdal ipiitofeiot ssdmiblidses form fluid
forma detectable |l eak path in an inproperly seal ed

tighl RuRY jGANRGENRAs bNiReERie’0 Mbte Pedifidtlld, ©3Mdads and systems are
exchanged between the interior of the joint connection

pro%é% ff)gg%gﬁi&’% 4 i8int 9£meéﬁk\§/1aﬂpﬁfé{]§;'s%?p&ﬁﬁ6dt%@eal?ﬁ%&éﬁ’é{ QQ dry fit

re are pi pi ng syst
I t t
ZEReheon AP sePsEvh BB e PfiSnney it of §ltam
believed to be of critical 25 inpaortance to the

matespdreach ohwhish dﬁﬁmwwe@rbfSeelﬁ%JCpmmOﬁge%%t Ehiddifions the

pi ping systens use a chemcal weld in a socket-type
metlyslyped systembletreie eropigimpgnsdbeident iyingghé bwcmual ¢feinfimpgoperly
sealed joint connection. Included are products for forming the joint assemblies; these
products further form a detectable leak path in an improperly sealed joint connection through

which fluid can be exchanged between the interior of the joint connection and the exterior of
the joint connection.

Background Art

[0003] There are a variety of piping system applications in which maintaining a fluid-
tight seal at the various piping connections and junctures are believed to be of critical
importance to the operation and maintenance of the piping system. Some piping systems use

a chemical weld in a socket-type connection between piping elements to form a joint
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WO 2008/ 086508 PCT/ US2008/ 050821 assenbly. In a
socket -type connection, tight tol erances between

wpre@sngpses enents tend to form an interferencePCr/USIING050821
fit" between interfacing surfaces. To forma

assefribly. dintd @oketaepd @thnenidn, pe nela@antesjbetwienpiping eleiments tand to form
seal ant material or solvent cenent is applied to the

an ﬁ@ﬂmemrs‘dr}t ﬂt”%%ﬁ;l/eehhﬁb{fa&@%lﬂﬁﬁcé@ nl"cb%_rl\ﬁaayﬂlﬁﬁﬂngﬁﬂé’ealed and
exanpl e, a chem cal wel erial nelding, bon

pern?zgr{%ﬁtr Jo r{@%&ﬁx&?ﬁ{&? | s%ﬁgnt nlx:ﬁéljl lf sélgerﬁgglln}fntqg%( ﬁgglaf‘% components

east an a equate anount

an,render. t he dr onneci
to s LiasPnissBER vy BV ) bbietinte cubebied ve§ PRk, S8R, bond or
However, the dry fit fornatlon bet ween t he engaged
othes ptergernechen. t ralurgiomepky) asirspilant anatera 1o | qaw@%é@uate amount of
seal in the joint connection, and the assenbly can at
sealirg aistterial .avap oeradet the dmjoﬁdjoﬁntubmqgtiemcura@serﬂﬂﬁes ot Hm system
create a probl em because pressure surges, the 10
suschpisisageleaifagt] Mdweaad{herdry fibforinatiim baweeaths @ngdpes eudicts of the
fit connections or connections w thout an appropriate

pipeB QR c&f nﬁﬁ@é@ﬂprﬂﬁé%édl% tHeR&int b&lne&ﬁﬁhl fid the ags%Mbly can at least

[0004] Even m nor l|eaks from'inproperly seal ed joint

tem%o‘}QJ‘lg%t OgPHSﬁd%res@x?réeﬁ S8R oA o  pi8biR M l%%g@sg%rés ik '§§roes the

or envir 0

f|re rotecgtion stem an ecifica
passpp SRR B of P Pe B GPRCEss ﬁheég'éf Ojna?%@n%grsé%w@&s withou
are fornmed 15 by chem cal meldlnq a socket-type
an apPApREE poR Ul wedmipnPein (Rirdeatls) tedeh as, for
exanple, a pipe end inserted into a pipe coupling
[0005) c k e Ever asiordéaketiioohinsopatyesechled oint @nasdtioos sugsheralslies can
Post Chlorinated Polyvinyl Chloride (CPVC). If a dry
causkidhmBgé tol tat sEeRIndB@HESdriy®? ehVirGiedht.aForSekah@I®, irSa fire protection

i nproperly seal ed, goes undetected, and is placed into

syst&fa¥d, GRore gg ALY, SRIRGRHA e pﬂo%cﬂ@ﬁ i sedth 6}51n?§srs§198§és are formed
property mage can result should the dry fit/partial

by cg rglcglcwgaglgtafs%?ke% Q¥ 1S tCe()él{lec[tgo%%JWéA% pI ﬂggler%[entg such as, for example,

on piIp
installer |n|t|aII assenpl es e el nts to
a piRFEAnEHEd 4G prie hUP S0 Cntachds YD Erege Hpea plastic such as

connection, applies the seal ant about the outer
Postsﬁlrl@ra@éedol?olyweylp@giérlém@ﬂ\@ ilhadry Biparad scafcopppstion in such a

socket, rejoins the elenents and all ows the seal ant
systdro is:ilmreopdrhy saale@podentdeadctecalpmid waldcodind séky@O(raferty damage and
square feet, 75-100 socket type connections may be
in pAHieg 8N ¥er@Aapro S ddniiGe PP LdsGREhSUM e drP Et/pardal seal connection
fail.
[0005] As a matter of practice, a fire protection piping contractor or installer initially
assembles the pipe elements to check the dry fit/partial seal, disassembles the connection,
applies the sealant about the outer surface of the pipe and the inner surface of the socket,

rejoins the elements and allows the sealant to cure. In a residential application of 1,000

square feet, 75-100 socket type connections may be present each requiring application of the
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Due to the large nunber of fittings present and/or

WO 0vansEns or, sone connections do not recei veP@ENYS2008/050821
seal ant or at least a sufficient anount of seal ant.

sealadit eotaiangDye to tht ldrge shaabdralf ifietirtes ppseidtantdioa hsmat ecor, some
fluid or l'eak test upon the piping system before

comﬁk@&ds% o ?eceﬁv)é%hﬁ Rl dht SLAMEEE s&ffﬁcieh?arﬁéﬁﬁﬁ Msda@néSAccordingly,
| uid pressure, e systemis placed into service and

itis b_%‘.‘?raglecfg B&Iﬁgr%: % Etgpc Eiudt&?ea%q%’q gﬂg@g Iji)zpelﬁg eer? gﬁftore placing the

as no ove, |

mat er i al n ade unt of sealant, .a joint .

SYStHR HhistYIFS nff éli syﬁg:ggh(ﬁaseﬂw DECSSWEs tha SR 1§[ Ihlgcéd dll)gcl) service and the
fit/partial seal between the piping el enents which can

consjugigonpoffthe Ksidsacesis sempletadh tHawevenas nplgdrbeesin the ppgaec 2 sealant
Mor eover, pneumatic or hydrostatic testing of a pipe

matgrial nt amad@qmit roouetand spalag emjoint tOnechon eandpase the leak test due to the
installers or other contracting personnel. In sone

dry fithSdr@d1 6ed beBvedh thd plfnngwlﬂmts Which eangifveafalge phsying irésult in the
capabl e of holding liquid or gas which can result in

leakltle build up of pressure within a segment of the
pl pi ng system around the joint. During pneunmatic or

[0()0'%¥dr ORk r%é\%r émgﬁllnh&?% @s ﬁ(gs?/aélfcltéstlln 'o?& p%%ﬂ&?)%(}tﬁ@ﬁig@%an present

ent ua a ressure

den r Iease of internal pres its oten
2 hagha oS DR OUEr sieEne ks Epah sorp itk Adp B Sgpection
end cap or other pipe segnent away fromthe e_end;
can fomareedyy firariably Qfﬁ@lcgn$>équlfi of 8asntghigh parpjesiet in tg gaxb%bw gf pressure
of causing property damage and/ or personal injury.
withSuasamenobdf thheipimy sstenoaroDOZ Joifth D prespretimiatiy enbydopstatic
provi des nethods and systens for the assenbly,

testif®Sdry fie §ditoanéktive sidyngeithalpt Rhélga SyshelispreRate and fail. The
incorporates a joint connection or assenbly 20 capable

suddeh rél n%%%ﬂdt&gal eésHRra‘i’iH‘?{s Ip%f‘eﬂhal & Ex%@%%béeysufﬁa&qﬂté’bﬂ)tpel for

assenbly iI's co figured plplng syst'ens that enpl oy

exal{l@e aélaqndyﬁ OJI‘ 8t %plgé Se\géﬁr%l aw(f: f%%"a%? Pi)g ah(@rﬁ‘x?rﬁ@; &akﬁ% the pipe

al ar’
preferred joint assenbly nable to hold fluid
fitting pRreiseul eucﬁp%h%%ma HrHE P&&@Q @vagesar}dzﬁs rPSEé?P?I;}n%Ié‘/al ed.

In partlcular the preferred joint assenbly is unable
tQ Vg I % ssure as a dry fit connection or as
'@”ﬁgyt P gg%’n9 re specifically, the joint 25
oomseﬁhw Rl uskRSitien ?fo@t&ﬁ hRehoIOUR §fstenhs Br theds¥inigy,
fitting, a pipe end fitting or a nodified pipe -3

construction and testing of piping systems that incorporates a joint connection or assembly
capable of indicating an improper seal. Preferably, the joint assembly is configured for piping
systems that employ socket-type fittings with a flowable sealant material to seal the joint
assembly. In particular, the preferred joint assembly is unable to hold fluid pressure if the
joint assembly is improperly sealed. In particular, the preferred joint assembly is unable to

hold fluid pressure as a dry fit connection or as a partial seal. More specifically, the joint

assembly includes a preferred coupler, i.e., a pipe fitting, a pipe end fitting or a modified pipe
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WO 2008/ 086508 PCT/ US2008/ 050821 surface for joining
pi pi ng segnents, that includes a channel to forma

wo e@k/op@Eddh i n cooperation wth the pipe segmePtT/US2008/050821
surface in an inproperly seal ed joint connection.

surfdce Wbidjoihiy Siphgpegmedts,abghindlids alvhanel to forh ddedki fayh tnocoaperation
pi ping systeminstaller, contractor, owner or operator

w1th(tﬁé)*>1lp§ Qégn‘{é?ﬁ YurfRRER &b lrﬂ&oﬁ@rh&féﬁf&@ l; oﬁlt ddMRedtfORl TPEA can escape
In particul ar the 'absence of a 5 seal ant

thro%ln%ts tzn ynnteloto i ?f%tﬁ ﬁ%g%esg/séx@qgst%&rt&)%trja&bln townelhor ogyeratm

ACCOT ¢ erein aré nmet

and tens. for det ng and seal
(collEgisBe raRSEnE ﬁergomeﬁsﬁb PR e Eiishle frggbsence o
i nventors' couplers prevent the build up of flui _ )
sealgt @z@&x‘raémaﬁ@anrﬁlge Hoa@r{%e#l. in thegpit asteihite A GOFIBBE crifggl herein
or a proper anmount of sealant material. By elimnating
are rhétboddrndisy sten far detheting and ssolumediyi ﬁjmon@chgmsdmfal nipigg assembly.
pressure, the connection cannot store potential energy
Morddker tthelmvéftoish eouddére pidvaht thebuilthuipo i il Peessure aoundamgy fit joint
environnment and personnel froma dry fit or partia

conn%@ 9&91“%5/'093 k e?hﬂnﬂhﬁ’t%tf Qchlard: AHB1al | ByOEniRASS, %Qhé g6llity of a

odlnent I's provided for detecting a
dry 1!|'1 Qcéf%x t? Ig?lﬁl ng 1%6\3/%[12% l}gf%ﬁﬁ%‘hte Cc'gl’ﬁ?o%%to% 1%%{} epgné?gy and thus

path umat i cal | sting.the ass

the (RYALRT BATE P e SROHRI ISR ROHp el BBt G fit or partil
provides for checking the integrity of a fire

seal ppmytegden wielipiipatety system having a plurality of
coupl ers. The method includes pressurizing the piping

[0008y St eiin owteprefeticd gmbodieakt,ianmethdbispirgiidgl oy detecringtaleak in a pipe
detecting including flowing fluid fromat |east one

asseﬁllﬁﬁn NEle th&thbdercheies! oefd,m%zﬁaédsﬂ@nd fixein@halig@s thamel defining a leak
channel, and rechecking the systemfor a |eak. The

path]c % gcﬁkr fest x‘%ttgia 5@%H§ﬁ§n&jﬂh§lﬁ’ Apdagi@lly lt&ﬁﬁé I}Q:rh@sembly A

ou east e pipe segnent i ncl udi ng

e e 4 OB ERORE i SRR gRA

pi pi ng segment PIaC|n he channel i N, communi c

plurbit Rt CoH bt PR QS PR G the PHCT ST AR ge leak n
the depth, width and length of the at |east one

the whiagsedtern] badetastingninelnding flovdegfleid frame aclgegsoae channel in the
Detecting a | eak preferably includes nonitoring a

couEre SSling ther a0 peabtorchbaney, shé mchacldng thesystéyifoga lehle @he flowing of
| east one coupler fromwhich fluid is flow ng. Part of

fluid feludds M‘Q)o%gl%&/t RA6RAR BEJIELEBRUOS/108087Zlpipe segment including placing

the at least one channel in communication with the central passageway of the at least one
piping segment. Placing the channel in communication with the central passageway further
includes defining the depth, width and length of the at least one channel along an inner
surface of the coupler. Detecting a leak preferably includes monitoring a pressure drop in the

system, and identifying the at least one coupler from which fluid is flowing. Part of the
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preferred nmethod includes applying a sealant to the
coupl er and the pipe segnent and further altering the
w@eb@sngdsoso as to forma fluid tight seal aboupCT/i82008/050821
pi pe segnment. [0009] A nethod is provided of I|eak
preféiest meod inpiyden gpidyist enedlatito theadoupleasid thaeigeskegment and further
assenbly including a pipe fitting wwth a pi pe segnent
altex‘i’d?ﬂ@%ﬁgmbf‘sot o ffdrhi 4 NGid (EREsAPABRE LR pitCeusent.

nlng a |l eak path between the pipe fitting and the

00122 5 SRR 1L EOINELD0 L L8 sl i
eSS TRL S TR L e b Phe s e

coupler attached to a pe segnent_ to formth

inclygdes dptinipg afeak naLstepen tﬁ@ PlRediiaE withiBIpe ek masa. iWeodycing fluid
| eak path. The nmethod further includes flowing fluid

into ther ysigh, ekdabamgdluid disdmrgafrositeckeak pathk. A0cddingben method of
the at least one fitting and the pi pe segnent. Mre

deteptigf £lcabliya pipbassarbhostefrably tehidepposiligattiest ontgeouplr
assenbly pneumatically, and pressure testing the

attaéﬁ%& %pr%)e sEHHERSE BlrinGRE hdbemBly. AMHRLBALS MBhMes 4 slﬁ}?annel to define a

an consi st of one of "‘pneumatic and hydraulic

leakl} pﬁ métﬁgﬁ @%F%&hﬁdgiﬁ&giﬁxﬁ%@I}ﬁrédolﬂ'tge %l @8!51% 9§ 10 ?é?ect leak

e presence 0] i ncl udes ect

ress re dro t stemwithin a pre erred
betvgR e eepgmediinb i e me reenr iy rage SRS e faghoprovides
pressure testin % Nbreover wher ei n |ntrodu0|ng t he
presgyrgfesting dleggeesnd bp@@@wwlﬂsh gnd peesgye festingnihe AsssMdlt o an
initial pressure of 10 psi, the pneumatic testing
hydnostefiex gbbiyaliencitivelg sthd etetlodd qag cangsted sue ef pheomatin andikydraulic
systemthrough the | eak path. The pressure drop

presf@¥ kR3En@NThdddtéding B AuUdhatR, Bf thépesdncd obthedéakpRith, includes
mnute. Under the hydraulic pressure testing using an

detei:t%r{ 6% eprggsﬁ 51? iPhe 1838 withihg n})@f&fﬁ%‘i rh@sutcﬁ%g J fB8example, two

I nC teCtI ng a mninu pSI mn across

il
min st e PR <5t BFVER " Taer SRERL 0o AR5 b T8y hFRGes
Pres RGBT 4 1GR9 Pl B Sl

portion having an outer surface and an inner surface
prefefebliynncigdes detesBrgyemreysuex dwndn Hy sabtemghrongh &eilgak magle The
coupl er further includes an end face extendi ng between
prestire diapriewirgunfiatiel mindmuhreraofabdwr0.$ psifpacaituse. défidan¢hea
t hi ckness of the tubular wall portion. A channel is

hydidhSPPEeshrSei usify MOnAR0BlOR6SB] FssT/ thiSRABGAIRNORHE includes
detecting a minimum 0.5 psi/ 2 min across all the modeled occupancies.

[0010] To facilitate leak detection, a preferred coupler is provided for forming a joint
assembly in a fire protection piping system, the coupler includes a substantially tubular wall
portion having an outer surface and an inner surface defining a passageway extending along
an axis. The coupler further includes an end face extending between the inner surface and the

outer surface to define a thickness of the tubular wall portion. A channel is disposed along

-5.
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one of the inner and outer surfaces and in
comruni cation with the passageway. The channel has a

wo poososasesf i guration for carrying a fluid bet we@rus2wos/ 050821
interior of the piping systemand an exterior of a

one Pf i Mhes ¥i5d eurer sticahadmetorhasnzas@cwenhl tlegrisagewat. | Bire channel
to prevent fluid from being carried between the

has z!t ﬂI‘S@ Eérﬁfgu?eﬂﬁlmtf&ecﬁﬁﬁr?g' 4 Ahid bt R8 aRiiRERG STHBd ?ﬁingﬁ?ﬁem and an
hannel 7s 5 further preferably convertible fromthe

exterlbxr <§ft n;? gfﬂf 9&5@5 R0 cﬁ&n‘épﬁassaes%?&@ c%ﬁﬁtimgﬁ5@{o &E‘Yén? {48 rom

m ni mum anount oOTf sea

VWhe m h. .

bemgse%%dib“e e e Bhirer! PhOEHE PpaE  The chainelis
conflguratlon rovi des for decrease in the system

furthsy @%w@yapnwrgbléﬁ@m g firsticonBguraiion toihs sesped %ffnﬁa%ze}%lpn in the
0.5 psi per mnute. Under the hydraulic pressure

preserestaf agniatmid apount dftsealattamiedial c SYifargtheaystomdas an initial internal
preferably provide an initial 10 m ninumrate of

presfr€ 88 it COPEIGH abf the charP®l in tBe fitsd corlfiiddkjonfustilarfor decrease in
provided is a coupler having an outer surface and an

e der th
oo AR EP LTI PSSR LBIRE, i

hydrtaHIe ic %SES%F gﬁnl%e}cﬁOim th%zﬁl]agﬁ%h u%tl(%s ?f@f‘% y;ps)maéjan initial

. of sidewalls to defin . |aIIy extendlng channel in
n“n@Bﬁﬁﬁﬁ?m@?ﬁﬁ%F%@¥%g?ﬁ§ gg“@éﬁ??al passageway. The

channel is preferably alterable to define a

[0031] uj d Furthertrrevded islssguplar hayimasneutermyefagrgnd agfinner surface
sidewal | s defines a channel depth of the channel in a

defitihg ectntent passeggvdyhdong ologgituiinal akisaXinsannPrae ftenddsk is, engaged with
t he channel depth is at a nmaxi num at the shoul der, and

the ihR@ suffactdrrextantis hRiallynelaudaswardithe Bhgiidindlags. and seoulder
second end face. The inner surface further includes

mchﬁﬁs 'a\%aﬁ ?%Qﬁ&ﬁé 0% efHE Eﬁ%ﬁalﬁpw%ﬂﬁ&aﬁiﬂé iP@bhim@hication with the

e |nterconnect|ng 20 surface Is
centxalﬂ g%%gg&&llasllh liﬁlﬁé)ﬁgrl}ﬂ%olgld r Ea% y Eifiﬁ atb?ﬁ‘| g%gp@g?ﬁl Cp{lghq seal Iagout a
progresses helic about ongi t udi nal ax
segmGbt ABF PURB %ﬂwﬂs dtfipgs 2 ‘i‘har pﬁ?\%é thecrbannel Hbl? airﬁﬁﬁlon along the
that is configured as a through hole extending from

longithéinglaxes. Preferabic sheehdnedl depihtient amptigwen aribe sheulder, and the

conmuni cation with the remai nder of the channel.
couphdrt farthatinsledas,a fileerabée mdahaomel enddacd eltdefinansdrfine farther
t hrough hol e extending fromthe inner 25 surface to

incldde af uli@kositcliRe Qurfdb sbmRrtdia iy pRie bPSIael &I, e iherdohfecting
axis of the coupler. In a further -6 WO 2008/ 086508
surtfeEté %%ﬁélgﬁ%ﬁﬁ&ed relative to the interior of the channel. In one embodiment,
the channel can progresses helically about the longitudinal axis. In another embodiment, the
channel includes a portion that is configured as a through hole extending from the inner
surface and the outer surface and in communication with the remainder of the channel.

Alternatively, the entire channel can be defined by a through hole extending from the inner

surface to the outer surface substantially perpendicular to the axis of the coupler. In a further

-6-
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enbodi nent, the coupler further includes a projection
al ong the outer surface so as to define a constant
wowR008/08ds0E kness t hrough the i nner surface and PCEUSDE050821
surface. Brief Descriptions of the Drawi ngs [0012] The
embaSieRMR alydongled fiaen g ludeh b pFojetion iatmg iposatedriaes &i 43 to define a
and constitute part of 5 this specification,
condtarlt %Hrtﬁitc%le%é(ﬁﬁ‘al ltHe ﬁﬂ@@@rﬁ@@ﬁ&i @f ol shrii¢ent i on,
and, together with the general description given
above and the detail ed description given bel ow, serve
BritéfoDexptiprions of thé Dvawiagsof the invention. [0013] FIG
is a schematic view of a residential fire protection
[0018Y st efhe popmRnARGdravings, avhidhgiie Bearperasgd kereratand gotsyiute part of
checking the integrity of the piping system 10 of
this FpeGficitior, GiDdsThtefexGBplady anbodBhAcas ef fehevativs, andewgetbér waith the
joint assenbly for use in the systemof FIG 1.

endrAQ&driptibBgi @B absvearflltRS SetSidel deddtdltioh GhemEdel Bv, e & 1 ®Explain the
£ t he Jofﬁa assenbly of FIG 3B. ?3%17] FIG 4is a

gﬂpl view of a preferred coupler for use in
feat&ﬁgéggég%’*“ 1s FIGS.3A-3B. [0018] FIG 4A is an

1001§T e Ee fsv# 52%% RHREN 0Bl lgoidh i R ﬁqﬁg%fys%f&“%s

Cross- sectlonal schematic view of the coupler

001] & K1 [ 2dfovrriag! ofgpnghed i clipedng e wserdy 8 aﬁezmang system
detailed views of a coupler with a channel. 20 [0022]

of FKF.G&. 5 is a schematic view of a test assenbly for
evaluating a coupler. [0023] FIGS. 5A - 51) are

[0018¢r f OoFN@®S.Ceandll 3 sreathanadticoiewnaitejoad apiepibiygfos yisd i@rBe system of
i ncorporating a coupler. [0024] FIG 5E is a

FIGCpnpar ative plot between actual test assenblies and a
nodel ed assenbly for a coupler. -7 WO 2008/ 086508

[ooli%ﬁT{J Uf?@%%é %%O%Qs dseLt &%Flcfh@ng?c VR of tﬁecjt Ln?t aés%ﬁ{b‘ri}ﬁéé FIG. 3B.

rative e ment o coupler w

[0011‘7?r FIG. 4 is a cross-sectional view of a preferred coupler for use in the assembly of
FIGS. 3A-3B.

[0018] FIG. 4A is an end view of the coupler of FIG. 4.

[0019] FIG. 4B is a detailed view of the end in FIG. 4A

[0020] FIG. 4C is a cross-sectional schematic view of the coupler of FIG. 4.

[0021] FIGS. 4D and 4E are alternate end and detailed views of a coupler with a channel.
[0022] FIG. 5 is a schematic view of a test assembly for evaluating a coupler.

[0023] FIGS. 5A - 5D are performance plots of various modeled piping systems
incorporating a coupler.

[0024] FIG. SE is a comparative plot between actual test assemblies and a modeled

assembly for a coupler.
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use in the joint assenbly of FIGS. 3A - 3B. [0026]
FIGS. 7A - 12B are various views of alternate

wepdvsasasesit s of a coupler configured as a fitPCHYS2408/650821
a channel. 5 [0027] FIGS. 13 - 15 are various views of

[0023] t er REG® GUbadiipendtBerafludradotiphbsdiment dfgltoagler astha channel for
pipe end fitting with a channel integral with a pipe

use iﬁqmtasie%l)fﬁk@JAlﬁfB 17 are various views of

alternate enbodi nents of a coupler configured as a

o032, RABEEDL Y51 SUBOURL MOBGRL AL G

IIustr |ve i ment of a preferred piping system
confygyrgdps @Pgﬁ’/‘i‘%‘g‘a Gid as either a gas, a i qui d or

a conbi nation thereof. Mre specifically shown is

(0025} ef e FFe% 1i-pl hererneriors wewpok alierngty ¢m@<:1y%@té et p %upler configured
system The system 10 is preferably constructed from

as a Pipsteniiktaryg widh e dhdmklymiegyd] withl aopipelecgh@RVC) pi pi ng
segnents and fittings such as for exanple, Tyco Fire

[0028] Bui FEG8101 A OUpiaeSyaibhs Btz e MBSt Enbpdipien oSy SLEIEr
as 15 shown and described in the "Bl azemaster(r):

Conwéﬁsl%gg%g%ggﬁgtal P& Technical Handbook" (Rev.

Gm #1/ 1 H 1900 (Cct. 2005)), each
of which is incorporated inits entirety by

Moﬂ@(fsﬁ?fﬁﬂ&rrﬂhgf oyaithenlkOehriohudes a network of piping
el ements, which can include any one of. main |ines

[0029D, bﬁhﬂ‘&h it Fied i3 4n il)sirpiges enehrogpgent pfg@r@eq_@i plpqngéystem 10 for
ni ppl es 18, valves 20, sprinklers and/or nozzles 22,

carr@ing a @lust 48 cdber £ g, a Tiquidt ercombinadon dretof.oMort fecHdally shown is
vari ous pipe elenments, the system 10 preferably

a préf@&é@ﬁﬁ&g%ﬁv&k 1096€a fiRd btebMNESlehO NEnelfy ste@SIDERBEdf@8bLY
100 fornmed by the connection between a pi pe segnent

cons?\ﬂ?ttea fr%%up(l)s‘? bhlo?ﬁﬁgﬁ%ﬂv?ﬁ#é ng?cﬂlacggg d| f I) ggﬁ ?gegﬂxeﬂts%d fittings

surface

S 0LEH0 TREH 5 e g8 B

sprinkler system in which autorratlcs rinkl er 21

shovg anchdeserhrddn ths ‘ttHeazemasticry): @?@U@iﬁnﬂé}“&?ﬁ%ﬁ &i %ﬁ@sa Handboolk’
wat er and connected to a water supply so that water

(Revdi0sleh&0§8)s(Addredina ¥ #IH- 900 tOth éOOi)B ewb P0eisLioB68@gporated in its

PCT/ US2008/ 050821 spri nkl ers opened by heat from a
entitety 18 reflréReNThe yestem 10 heclsdes hemwldk ofpiphey dandritguwigch can

as a
include any one of: main lines 12, branch lines 14, sprigs, drops, risers 16, pipe nipples 18,
valves 20, sprinklers and/or nozzles 22, and alarm devices. To interconnect and join the
various pipe elements, the system 10 preferably includes one or more joint connections or
assemblies 100 formed by the connection between a pipe segment and a coupler. The coupler
can be any one of a pipe fitting, a pipe end fitting or a modified pipe surface for joining piping
segments. Preferably, the system 10 is placed in service as a residential wet pipe sprinkler

system, in which automatic sprinklers 22 are attached to the piping system 10 containing

water and connected to a water supply so that water discharges immediately from the

-8-
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residential dry sprinkler systemin which the

automatic sprinklers 22 are attached to the piping
wGeBBe8a510 containing air or other gas under pPEFES2088/050821

that is displaced by water upon the actuation of a
spriigkdétt bpéned dly\heatceotpldtde t altbimetivay ahe suppl Y0 clishcoafignned as a

residential fire protection 5 systemis shown and

remcﬂtﬁﬁgﬂrd SF SkiierRasiag A MscH RO 2dkbmbBc kSRR s 20 arehktEhed o the piping
Patent Publ i cati on No. 2006/ 0021765 which is

syst%rﬁcier P{Ptre 1?1:1] it & At{l% ég%ghhcge‘?ﬁ%s%% e g %rcﬁ%&ed '1_39 G >P'OH the

Ve, prefe system can’be an

o 5 LB BB DS PR, Sy o

preferably having plastic flttlngs an onents._can
55101 TRV Sy B Nishirasrenty [344) B0 Bng Tona | s 5. Paten
and 10 irrigation systens, chem cal systens, and
PublpatiabNe. 30A6@002d 763 sihnchiininghipotatéd i ijsentitetabg srftkngs Further in
enpl oy an interference fit in conbination with a

the dife@in@ibt @hsprfcanrt spatarioalan be ahpotiedtybt uf Sipingisghtem, preferably
seal ed connection. [0030] The preferred assenbly of

havﬁlé~I gla§t3(c9 818 n]pdatiHd eﬁltétﬁhﬁ‘\!’é}gﬁt@@yﬁémé‘ﬁ%ﬁ:r@dl? ﬁavmg plastic

at” a JOInt assenbl using a socket-type
Ier W th nt t
feiri ARy SPmg et bR EaPRRl P B RES Rt st nsioms and
pl.acing th emin servic Shown in .2.0S. .
oGl BRILE HSPHGH SEYHS %%P‘iaﬁ]ﬁ RSB Sy Sbishi et assemblies
verifying the integrity of the system 10. Preferably,
emphyse@rmtegtg ershee HBingpEwbnalion withal fiereble seglantmetsriakiodamn o fluid-
of a socket- type joint assenbly 100, joining a pipe
tightssegl@ndonmendora coupl er, checking the dry fit
t her ebet ween, di sassenbling the connection, applying
[0030he saat @f&fer?é@ﬁé&erﬁlh? 0O tHe8K stemr foaadudds J&erighefopjr Pgore pipe
segnent and the inner surface of the coupler,

elerdefilsQ Q' flf.@'nlﬁgq ﬁzé%@gcl@: lty?) g;?ﬁnh\%tth 5%'\)@9&3 skBant material,

cure. furth erably 1 ncl udes

veri the inte r|t of the. s -
ven%/g)&kt% %?%g}’ i}u hﬁg hf" Isy/stelg rag aﬁtéxgkh)(e smsgzgqetg %eh Shown in
FIGT%f;tag{gneféggé g}%}&gaqf ﬁgselsg&&rlg%tplm\gr?é & neg(f]\t | 1V glf’l rtheesfl‘%rgrlty of the

detecting 25 can include a direct nethod of | eak
systehetl 8¢ Prederably, assemnblaed s @ stegbkingiudes, forlcaglkasserobly e socket-
or -9 WO 2008/086508 PCT/ US2008/ 050821 nore joint
typedsisenatmbly 1000joafihes pipeasgnert zhd g colyders ylsdckimg 1hk dry fit
Alternatively or in addition to,
therebetween, disassembling the connection, applying the sealant about the outer surface of
the pipe segment and the inner surface of the coupler, rejoining the elements and allowing the
sealant to cure.
[0031] The method further preferably includes verifying the integrity of the system by
detecting a leak. Preferably, a positive pressure is placed on the system 10, but may

alternatively a negative pressure may be placed on the system 10. The method of detecting

can include a direct method of leak detection by, for example, observing a leak from one or

9.
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the nethod of detecting can include an indirect nethod
of |l eak detection by nonitoring one or nbre pressure
w@2wg0e865e0upl ed to the system 10 for nonitori NBCEHUS2008/050821
pressure loss in the system |If a leak is detected,
mor¢ jeentpsehdlice dOtreftdrgdessfiriass tetsy steivdl. iAdeinadieclyepai addgon to,
and sealing the 5 leak and re-verifying the integrity

the Béthbd 6f S&t&di@mcaDinclddeAB indRkt inSthdebekhedetet e B)BbEMring one or
10 can be placed into service. [0032] A preferred

mori g}égéu% ;iz%fg?% %aﬁﬁ’ed% WSsykRm ALkS ?ﬁdnﬁgriﬁ% !I'i1 gge%%d.fr@ 1s B € system.

stem use in the preferred ne

ssenpl re ecifigall th referred cou ry, in

tro BFE AR B GroBREL s B o et MBS A BTl L 814 seple e
pressure,  directs novenent of uid from10 the

leak @i £ HFLLY RGPS Bitegsity gfi@@W%fl 0, #@%‘F%%@%W& t??e gyptem 10 can
the exterior environment proxinmate the pipe assenbly

be pteapedinghseaviceak path at |east in part defined by the
coupler and defined in total by the cooperation

[0030¢t weanprefeered ooypllarpravided inearpifped segne atlsak iagére system 10 for
negative pressure and in the absence of an

use RRRE PRIrAUMEBA of dsh@nily efRIE SskcERUNY Bhe FRAIFAWBEPIER in the
draw external atnosphere through the channel.

o] . r‘ .

e ek LG8 BB € PRI GU BB o
absence .of an approppi ate seal.. ratjn ersonnel .

the R G Ser TaBRRY RETE PR AT B BB RERAP prosima
static pressure are thereby alerted (o the .

the mb%@ﬁswﬁlmtbroaah A 3K ppyat deal injpartdgBngdobinthe copecadgisined in
An i nproper seal can be a joint connection in which

totalrhy theadapatationtbeiicah thescopples et the pipstsegmentont/nderal nmgative
material, but an insufficient anount, has been

pres@pp hi@ih the BbdeAQ3F ] andppropeiaestal it ipesferdodd cuplepeosimsitem draw
10 having the preferred couplers, the operating

exteRRI SRHMery ﬁﬁ‘d)lj%l:) th&€hdnAtie PrdibdbBS tHeNalSHsh BRRoARg ¥ to prevent
eval uati ng whether a leak path i's forned through

the p\eﬁl\@t sé{g}egrlr Hd %o&%#éiggﬁegssﬁg\?ﬁﬂe ta\gs%ng’é/ &ﬁr%)gr %E{eceg:éala r@ﬂ)erating

peci e operating onn

pers$ ! eeI ﬁlr@‘? %@lt%/cg {I)l{az ?%gsr gte}nte %éilb?egp %@&aﬁ%&%é&eﬁ’g t%grseby alerted
pneunatically tested over a pressure range or val ue, o

to the ppsse Hiynd MPrORSHPE inalhe iRint onaeciioan| 4 impiepehgalsean be a joint
square inch (psi) to about 15 psi, and preferably at a

conngafiareinofhich 40 séARN? 608 BB BTG ACT/MIB2OIBI OSBRI MattBalpbut an
The system 10 is checked for the conpressed air or gas

insuffRadal A ofifitORAsYeeh epplrd.

[0033] Upon construction of a pipe system 10 having the preferred couplers, the

operating personnel verify the integrity of the system 10 by evaluating whether a leak path is

formed through which fluid can flow between the system interior and exterior. Specifically,

the operating personnel preferably pressure test the piping system in stages. In the first stage,

the piping system 10 is pneumatically tested over a pressure range or value, for example, from

about, preferably, 1 pound per square inch (psi) to about 15 psi, and preferably at a value of

-10-
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couplers using direct and/or indirect visual, tactile
or audi bl e neans. The operati ng personnel nmay then
w@e@pmosdsys seal any i nproperly seal ed joi nt assPODUS®E8/050821
100 that were detected, and after which, the
15 poipEhatystgn Peissdistiald foathe agabresqpdeirnmtdas Makingtiest piefiered
systemover the 5 preferred pressure range or val ue,

couﬁl&@ 'EM&Q %H‘E@t RARE fldRREMisuhl, @M@o%ﬁlb‘whﬁ@ﬁ@s e r@)féﬂaﬁhé personnel
about 15 psi, and preferably at a value of 15 psi,

may Aﬁ’e ik #%gd‘}/y % f%n Pm%rcgpggg séaﬁeq\ﬁﬁrﬁia§£¥ﬂb§w ?é(p{gz%ﬁt wer[e Qilgégtjed and

4ge°0 ure ng pre erably I'nc

ic testin nor e . ref hydrostati c
ater ¢ ﬁ‘ﬁb@ Shersifig Wﬂw% oEajp BaSFLRENY B ST ahe
about 200 psi. Mdire preferably, the second stag
prefgyreskpypysaretTangq 9rg apicolipaeboppprafgrabixy) peundast ﬁqr@reamch (psi) to
hydrostatic 10 testing pressures as defined in
aboutldbipsipahd Fiefaality ot evalioof Kepsnab atiifyrth§tNFPRpaist wagsrdsiactory.
NFPA- 13, Chapter 24 (2007), entitled, "Standards for
[oo3upst alAl s’ﬁ:blﬂﬁst%] e dHpid sl @¢stidy prefdrably Sy t@Rhydraulic testing and more
Accept ance, ich is incorporated by reference inits

pref%ﬁ 'ryrhzﬁ%staggge’éﬁﬁ O ey RERIS Ua(t'azﬂr&gn&!ﬂ?re%@é §MYoBt 3(epsi. More

d hy sta IC testlng pressure system can

ro

preferalale;1 e:e:légcg)éllﬁ %%gla :og%re?sur %ﬂ% ;%gwid% or eQ%a@llrcgth?t x{g aq hydrostatic
tactile or tin er ne

testl% gqeﬁs%esdﬁ cgléri}l ]é)ﬁr? qu.l}%p{;ﬁ sg)é;%tlga Oﬁ gﬁlﬁ jStrclngard NFPA-
connecti ons that were further detepted under the

13, Ghaptrid4 <20, wttitler Ssmdards fardnstaliption wd SpraldentxsteufaSpstems
preferably hydraulically test the system under the

Accgnafces’vddchisdnaspaticd bpreSsuceinrisngérety.t shoul d be
understood that any pressure range or specific

[0038] €SS WiRr YitkiiRizGRanthe Sfstnetd e dedhellihdliropfadu patihg pressure, the
pressure range or the hydraulic 20 pressure range,

systdth Qi BechebRa ol h?lfu'd'?i'lstchﬁjge %W?f&eﬁé@coﬂﬁf@?%ﬂgcdlrea and/or

pressures are sufficient "so as 0 nove

111d1r68tr\é§\13a23%(‘y11 gr e%%igblg mf égs;nslghgee@g(fgr% 1%1;% %ers?l e?c n argiam properly seal any
envi ron roxrnate t he pi enbl thr

impyoggiky @J% SOTRSHIPTS iA Wobe TbEAc e gt (i apd Stage of

or/ind|rect means. |t shoul d be further understood
presgiiatesting anp dreatmaypgapenrssrabdy hysiraicdBy fast thgAystem under the

appropriate ampunt of tinme between performng any
prefaeal lividgos2hicapesakirarpeantshonlddsumdetsest] tha aay p@esure range or

sufficient time for the sealant to weld, neld, bond or

specificlpr¥¥Ru0RBi B8 e fnd @EAMSEQQ}%&@@Q@&%SSL@& fhﬁg&\foﬁﬁhe fhodmulic

the joint connection. Wth all the joints properly
presﬁﬁ@rﬁ%e,aﬂ}gvlﬁgfthﬁy ik §iftial pneumatic and hydraulic pressures are sufficient so as
to move the corresponding fluid from the central interior passageway of the pipe assembly to
the exterior environment proximate the pipe assembly through the leak path at a rate that is
detectable by direct or/indirect means. It should be further understood that the operating

personnel provide for an appropriate amount of time between performing any sealing

operation and pressure test to allow sufficient time for the sealant to weld, meld, bond or

-11-
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checked for its integrity, the systemcan be filled
wth water or other fluid and placed into service.
WO 0®30%6588 t ernati vely to perform ng the secondPGL/Eg®0$650821
hydraulic pressure testing after 5 the initia
othefwied! forini the jodisttcon@ecsien.oMdttsdlbfhe jafits preertatseaded ast thagystem
can be perforned in which the testing pressure is
checkBE TR S Sl Aty HNE ) &m tABRe filk&1 With Walth of 8&kr MEi@SRYbRiced into
test stage provided the second pneumatic test
seryRbEssure is suitable for the piping application.
gain, the systemcan be checked for the conpressed

[r or . gas.leaking.fromthe preferred couplers using

10038] e @3arF & Atra-bRR OF Sernd SRt B naRHRGiGriR M ine ater
nmeans. The operatin% g;rsonnel can again g%opfrly 10 .

the igigial prgHinatieish BepIISHEE O PROIMMLIC AHAS 681 BhRCTigsred fhich the
further detected under the higher pressure range, and

testinghpressunelp imagasadar grepelratlicdaitialtestagesstiggess yopgepjovided the
under the test pressure for the second stage. [0037]

seco@d n@nEftR E® Gresautp lsesuftatile Got thhepipinpuipplicenionaldgyin; apisgstem can
and verifiable mechanismfor detecting an inproperly

be cREREE QY QmFORBEET bPPas! 1Bald@n drBin e S frRAcoMIER using direct
specifically, the 15 preferred couplers are configured
wi th. a. channel. .. | a

and s SN TRE B bR O B RSP B R an 3 Ah property
i medi ately flqw.between. the interi of t syst :

seal ZpyIRINEPE t%ﬁﬂegamaff CPRBCUOPS fahi e ﬁl%ﬂ%r%{ﬁcgég e g bjgher
one of arelatively quick indirect and direct |eak

pressunelFange.cindtan thpemap again PAgpRiicalin el the vyters ypgsr dassiggf pressure
liquid, gas, air or other fluid |eaking froma

for the sfcend stelgecoupl er' s channel, identifies for the
operating personnel an 20 inproperly sealed joint.

[003¥pr e0V8E preffdrrddscobpleisepredde Batbstdndaldy it sreidvetifidpleatighanism for
provide a preferred nmeans with which to perform

dete?L@sa?Tlg?ﬁ)é dp%glzis@ag_ecpfoixﬁ cBhi¥ic8n &Y e§f>'%[Hg]sgs@ﬁl‘?fl\?ﬁg@bé’ciﬁ&lly, the

scri bed above. In particular,

f d I ' j ] :
pref%%eglpcg)ﬁl{)%r a%% ?@rgfgru%edacﬂﬁ A @Egmt%glr ﬂlhgﬁ, ?rpt(rﬁg g%se?@eip (ﬁf aolgl opé} seal, provides

S ant nma

det ect ahl e pressure . drop in th stem 10 . prefera
for adpingih 1 i Wt B S0l o APHTEAEAST TNyt aby ek O i system

test. Mreover, because the 25 preferred couplers
and theeuisnior ofide Bystera 10,50 providedt rapirans i p &elali wlinguigh indirect and

i mproperly sealed joints, -12 WO 2008/086508
direPCRKUGAOASY 005 Q8Aerdting pprsefusslr €ble conpksses ligeidpgas, tiher other

potential energy around the joined pipe fittings or
fluiSIRAMIB ®m a preferred coupler’s channel, identifies for the operating personnel an
improperly sealed joint. Moreover, it is believed that the preferred couplers provide a
preferred means with which to perform pressure testing of a piping system 10 preferably in
the method described above. In particular, the preferred couplers’ channels, in the absence of
a proper amount of sealant material, result in detectable pressure drop in the system 10

preferably within two minutes of initiating the system pressure test. Moreover, because the

preferred couplers prevent the build up of fluid pressure around an improperly sealed joints,

-12-
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absent a properly forned seal. This nechani sm can
prevent inproperly joined pipe fittings or segnents
WO e@ssdsed ent |y failing or rupturing and beconPeryUS2008/050821
projectil es capable of causing property damage and/ or
the [gefeirodiSoupkrs famad e theipstontivd enggp erosad tieljoinbd pipe IBtngd or segments
preferred coupler for formng a joint assenbly 100

abseYi’l 3 Bro@ex@ﬂf RENREIEE. ntfhis%necﬁ%l&h QHA Fl@v&ﬁ idetapetly pifed %pe fittings or

dentify an inproper seal assenbly by preventing t
f
segngern)(s Frbrllé d/rlr(g nx{[ﬂ/eﬁ g p\%ﬁﬁ‘@%{' géqglﬁgggq?gtﬁ%ﬁ%ﬁ}ﬂg Orf1 uﬂfsmg

100 fromh ressure, abs nt an adequat e anount
Propgly daRpgHin %ﬁﬁtssg‘?‘g?l AN auﬁ"gvléiav PEP? the fluid to
escape to_atnosphere. In_the presence of an adequate
[00383hount wefesied cavilertor faaméng aalomttaﬁ@m&%% o} Wl 2 pggpregment is
forms a fluid tight seal about the pipe segnent. The
confapadcaotdetevhartidetify an ibproprsealssasmbly by prevenerg the dry fit
sol vent cenent, epoxy, solder or other flowable
coni¥Bi &t balvedihiat nﬁﬁing sedades of B¢ Pyt depmmtsr, and hignprefelrley coupler in the
wel d, bond or otherwi se permanently join the coupler

joint Q0RSN AOIRY SeRURI AREHRRE Sate FREMR ALK S ﬁla@éﬁal and instead
naterlals for use wth the couplers includes (i)

allole]s (”% %@é escaéarms %&%&Tg&é%?es% E‘gg\ﬂeﬁgﬁ &arouBt of sealant
50D PABER 2 e S SRSk ey st

0 Jan. 2005), which is incorporated by reference I.n
matqriab cankd, festsyample. ¢ RenentewplyPhr@Rins ; ciBEY atpdder pgther flowable
preferred coupler indicates an inproper fluid seal by
matdrizhKians used et ettt chéneichllyuivdlsl, barve ottt rwise paghanehidy join the
joint assenbly, the preferred coupler does not permt

coupl&t@o BYE bimdie Sihinglseghette BXmtshytsbglaptohatridOfriuge Wit the
20 absence of a proper chem cal seal. Furthernore, the

cou}ﬁ&gfx?c@ﬁdek $i) BSLR ?&E’rl dpoentd gt €8plmo RIIQYd96 B%dles or (ii)

cient‘interference fit between the joined
Bla%ﬁ%%aéééxﬁf%%%ﬁﬁ PR e DRt Y Bl Blaggmastcre
| ement s, asre t . p
Instaliaficy GiRupGTES 16 %ﬁﬁ%@o&h 1855 Pdet oS whiebdnineamorated by
Handbook" (Rev. 0 Jan. 2005). -13 WD 2008/ 086508
refeip@Ty WSBECOEIQ6 OB AEr a003BRISTHeecpissfils praferied gpymler indicates an
includes a substantially tubular wall nmenber defining

imp@per flwd seabg lsaddiead strhespheeeha/Buids pirpeyskthmeigh thor joint assembly,
el enent such as a pipe, fitting or adapter.

the preferred coupler does not permit the build up of pressure around the joint 100 in the
absence of a proper chemical seal. Furthermore, the coupler is preferably configured to
provide a sufficient interference fit between the joined surfaces of the joint assembly so as to
avoid unnecessary pooling of sealant material between pipe elements, as recommended at

page 33 of the “Blazemaster®: Installation Instructions & Technical Handbook” (Rev. 0 Jan.

2005).
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Referring to FIGS. 3 and 3A, the preferred coupler
shown and descri bed herein substantially throughout

wo eosossopur pose of illustration and expl anat i BCT/US2088/050821
pipe fitting 300 configured as a 5 coupling to join a

[0030] r St Thi pecfsegimunple? thehudds a ssscarndllpiupelas egiivmdmire defining one
preferably by a socket- type connection. The fitting

or rr%@@sc@ﬁétb ReRcave Qﬂﬁietsb'gih&ﬁlo% @Péh%ntbsu‘éh a8h QN ﬂﬁingrbr adapter

joined pipe segments 24 mou be substantially

Refe?éhgg 13%98 e}f &r&@ﬁ sho Hgncp{iﬁ‘égrﬂgé l*e!ralg sg’&@antlally

terna Y con as an e Initng a

ran for.exa bet ween 3
throyige b%é?l&%aosg ol %ga%baf@paﬁ%p@aa%w B aheo8 20 P iegred as
of a 45, 60, 10 90 or other angled el bow The
cougflingttp jyn 30US PipF WREEN IS i SeeIIdeRiPg %f:ga@eb%pw%rr@lr RyA socket-
two pi pe segnents and thus the pipe fitting 300 can be
typeconfigogian e Tha Sttangy3 00 wefinds adlongiosknal ype A-ATelong hapddomed pipe
Y-shaped fitting. Generally, the preferred fitting 300

segnddifls 24, 9 6Wadul Obs siftsahtidlBsaxidlBstichbedithene amvtag. dhe pipe fitting 300
coupllng for the purpose of illustration can be of any

can Q@&lkefrﬁéhv‘é%ohﬂ {u%H Lo El@Bw%HHin@%%eBWnQE rAMRAE Bt %mple

segnent s, hus can be conf |gured In any one of

betv&tgheﬁgd %"I \9@“ d Pé %%06 gre 8% l}g‘fg%r FI ! %Tg‘fge of'a 45° 60°,

i g oduc éet en
, Blazemaster CPVC Fire Sprin & Fit
90° a5 ifisrepaled sHg C“WAPF fs Boa) St lshos %Oqf%ge&dﬁg FatRig mMoge than
its entirety by reference. Thus the fitting 300 can be
two pingfsegruegland ps thepappiiteing 340 cqui e gpnfigared @f pryy ane of a cross type,
reducing tee; (iii) a cross or reducing cross; (iv) a
Tee-9fapet boW-dmped Bdingi Aignehbpwvhe preferad4Btied B)Q;ﬁ/\anddts Vavibyis gatures
reducer coupling. Alternatively, the fitting 300 can

desc?l@ed)ﬁer@ﬁrhfs la@dupichd r fHerpirte endius@iioatcah be o€ g, @dsirad
single pipe segnent. Further in the alternative, the

conff%ﬂ&t o'?ﬁo?pc%pﬁﬂ t\p@ 010198{6' éﬂﬁé ?e%n%ﬁtsaarg;{ RA0VEH RQURELRNEd in any one

apter or coupling p pl pe and grooved pi pe
iately, n
orfiyEP IR GRS S R FoafPue B LB M A Bl
w one of ra coupl.i ng;
Tﬂfl?l ) Blazepags Ehvedue Stpé'@%% { Py Eriiis Samudnesis gien. 2000
(v) an elbow. In addition, the fitting 300 can be
whlc;has owafiogiedt léssen@netabamfgﬁenm rThews dlpd fitige 880 gan be configured, for
sprinkler or other fluid distributing device. Mre
exampld, A PHRB! 08 aT0B:cRERe)TRD ARF S 08 AHucipe rarsal (fw),a 30helbow or
preferred coupler can be shaped or configured to join
redubinR @580 TR £5°2% AN Yor (KN@Yelubdridolplehg. Alternatively, the fitting 300 can
be configured to form an end cap at the end of a single pipe segment. Further in the
alternative, the fitting 300 can be configured as a grooved coupling adapter for coupling plain
end pipe and grooved pipe or an appropriately configured male or female adapter for threaded
pipe. Such an adapter can be configured as any one of (i) a straight coupling; (i1) a tee; (iii) a

back-to-back tee; (iv) a back to back cross or (v) an elbow. In addition, the fitting 300 can be

configured as an adaptor for coupling to a sprinkler or other fluid distributing device. More
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[ 00401 Referring to FIG 3B, the preferred coupler

again illustrated as fitting 300, includes an outer
waBagE0B81l and an i nner surface 313 defi ni ngP@TES2008/050821

interior passageway 315 5 of the fitting 300. For
gene@ABTeepreferret beudlértcan bg sBPOd ot benfigurelrto $einfriesegetntnesany

a central passageway 315 extendi ng along the axis A-A
knowh Yitiflighg the interior passageway 315 of the fitting

are one or nore circunferenti al shoulders or rings 314

[004@56“ enﬁzgpér%{n%{?{ﬂ%d Bn H@%@&Jellré’d cotb %zﬂﬁ 11'1\%&3{6(1%’5’ ﬁﬁfﬁ%‘%OO

prefera |ntegra or ne

. tting 300, T V|ded 315 f erabl
inclg G Bdkef Rt f bl 4808 %af?sefgﬁ*@% whe e fﬁ?fﬂ% Passggeway 315
ments, 10 fittings, or adapters. For exanp int

of the. it y0Bdor shemple; 1 thy @tmgBOPstha ey griagg éﬁ@%esgfzatra
for receipt of the first pipe segnent 24 and a second

passsgokeat3 13 kxienfling alagahpaxiof-Ah®ividungribe ivitqor pswsggaraty 315 of the
26. Each shoul der 314 of the fitting 300 defines a

fittirpedit bad o10peri dgusikebnttahsliouldees or iriga Bl d prgfaablademad i8tkgrally
i's continuous and conmuni cation is provi ded between

withlH€iREPirf8€ 9B/ Emir: pr&@rab%nfe%?b@l%hﬁ&i With %Mn%B‘OO. The
cross-section. Preferably, each sockets 312a, 1

d1v1§e]d21|%rs]st%gg\flaeyh§1§ @%fe%b%ﬁ?éfﬂ%? t}%]\;arloﬁs go%ﬂét’sg nggeqétooffp ¢Begments,

renc one or nore Ircu

oints wth_the ou ur.f ace, of the, .
fuig of etk ok Samplren Ge ko it i BB AERR R el 312a for
defined by the preferably tapering inner surface 313 .
receiph ot the Aasipipa WLBER) 2h andgt sgeondsopkst sl &b &useqeariof Hejsgeond pipe
circunferential interference fit about the pipe
segnsag AenEsch hdpld263 14Tdfehe Gpag 300 dehnesra eotrilapen@g3udathat the
define an angled surface that Iimts axial 20

intexquggsagéwzgn:s 13 is @otirRRus eglEMmAdcatidf iSproailet Gethakh AR fHpe
space between the end face of the pipe segnents 24,

segn‘?&lt@ﬂg 26Ne Shardideny b Al E&SRAELH O Yﬁ'ﬁfefelta'l}g«er eng: Jf@g&%ts 312a,

hé pi pe segnents can engage t he shoul

2 %rcfotﬁghmte Db AN Bl VR SAT By ey 20
eferred fi t|n hown nore s
cireigg eéﬁmlé@’%‘btﬁ]“ﬁ'&it}‘%ﬂ%t REHCL LR PHE SHEDFHG ChrrCoVier Sxqimple th
ngth preferably of about 2.50 inches. The -15 WO
sockztsdgﬁ@s?égbarqf@mbmﬁosd brtgrrefenhbyeapgingfiges saraceg¥!3 (not drawn
the fitting 300 preferably defines a substantially

to schlehsd ar tofformt menbstprtioNy natwenfeteatisperiikgntoficdoht the pketsegments
inthe fitting 300. As previously described, the inner

24, 26. The taper of inner surface 313 can define an angled surface that limits axial

progression of a pipe segment 24, 26 so as to define a space between the end face of the pipe

segments 24, 26 and the shoulder 314. Alternatively, the end faces of the pipe segments can

engage the shoulder 314 to further limit axial travel of the pipe segments 24, 26 through the

fitting 300.

[0041] Referring to FIG. 4, the preferred fitting 300 is shown more specifically as a

nominal one inch coupling having an overall length preferably of about 2.50 inches. The
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surface 313 defines the sockets of the 312a, 312b of
the fitting 300, each of which are preferably
w@eooBiogasned simlarly. Wth specific referencer@DUs1968/050821
socket 312a, the inner surface 5 313 preferably tapers
outePALTR¥BY1 bf GBfiiihe FUhréRedlBddment stisentinlly iubglaBportivo
the shoul der 314 to define a socket length L

proxPh&E YAt KinBRE Whchlsodiet i N EHRGRHn Y. €A ﬁ@ﬁio@é‘lﬁ@@ic@ibec!,hﬁe inner
Itting 3007is a preferred nomnal one inch coupling,
th [ i r f | Y
s 13 B8R esple LRGP 99958 0P 1 ) N, Sl
socket 312a aof .ahbout. .l.325 i nches and, a second .
prefGrivepaheiond SivipHe: SULLTER B0 EOTFoF TheoRaehar: g byper surfue
proxi mate the shoul der 314 of 10 and neasurin %Pogt
313 preferably tangessnariapdn friammige gnd fase 3 Kepofibadire 39P g%t e shoulder 314 to
fitting, in each socket the second dianmeter D2 is '
defirsnmsdcket ledpin Lifhefefabhysabodi i irsheDIWhereafor examplfi the figing 300 1s a
preferred taper defined by the absolute value of the
preféikdd ®meRgiond efoeRnplif tHd thsdr od itk isegantfach J8rafther preferably
di vi ded by the socket |ength. Therefore, the inner

deﬁr?%%ff%%fdi%ﬁ%ﬁpg)gfa?ﬂ@ Rl ae o BRSokd: BPES 0f0fboufPI2Y inches and a

r each socket of the preferred fitting
30Q. [ b ) ' . '
sl e 8 e bRoRRB R e BR sl PSR b g bR 14 of
o By A e B o S o s s

inhibit the axial mgration of a pipe segnment toward
the sehendctinmeter BE ig $mealfer &mﬁ@e §est digmeter BYlesatas yo flefipe)gpreferred taper
profile so as to provide a desired fluid flow
defifiduiesyethbaimotihe atluaofis idiféoeprdstyrce tenysband degprdl dimension
velocity. Preferably, the shoul der 314 20 defines an

divildt 8r thakodteeleBi@! THBrefre tth@inhkt durfage S300Vpieterfley dbnts a taper of
ni nety-four percent of the first dianeter D1 or

abow.lﬁﬂg 2-131)3516 IeChes s 6ﬁ1ﬁgp{e?er%%ftﬁﬁ@%we®b\%nt fo Adut 0.015

es | i anet er. Eit surface of the shoul der
. .ex in er pendi arly to the central axis A-A can
lnd%%}Ezgﬂﬁggggﬁﬁngtgﬂithat t he shoul der 314 defi nes
anot her internal dianefer D4, ich, for, ex le, i .
008q0 Dl shoaet Al ¢ ProlE A e R PO g de i dahe syl axis A-A
1.11 inches. The counterbore 25 of the surface is |
by apraefosnahifficiens ta preptt i sutfaceyodrhibit fBsxiahghgigtiorpka pipe segment
di mensi ons of the sockets -16 WO 2008/ 086508

towRCTHdISAR0 8f 0RABAAg y& afficicdll@ bow anprolite dvers t ptdvode a desired fluid
schedul e of di nensions shown in Table B entitled "ASTM

flowIhBRAEb RISt hesitddMiredsifetdnfr fiNid Wehes” Befepade HOstotlder 314
the "Bl azemaster(r): Installation

defines an internal diameter D3 of the fitting 300 to be about ninety-four percent of the first

diameter D1 or about 1.25 inches and is more preferably about 1.10 inches in diameter.

Either surface of the shoulder extending perpendicularly to the central axis A-A can be

countersunk such that the shoulder 314 defines another internal diameter D4, which, for

example, in the preferred fitting 300, preferably measures about 1.11 inches. The counterbore

of the surface is preferably to a depth of about 0.035 inches. The dimensions of the sockets
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Instructions & Techni cal Handbook” (Rev. 0 Jan. 2005)
(Addendum #1/1 H 1900 (Cct. 2005)), which is

w0 penpsrat ed by reference, for a range of NnonPCHUSBNZES50821
fittings ranging fromb5 3/4 inches to three inches. In

3124, Be2etdrefund@ti MBowitheschodkebsdiafentibas fhowniinGabieyB aeitled “ASTM
correspondi ngly dinmensi oned where the nom nal size of

Dimteﬂﬁﬁts' fbt CPVO’@EL&}% $h fE Y @ 19/02 theHatetha8Re®1 Ind@llation
i nc e fitting 300 further includes one or

d I [
tns g Gy L TR S SRR Eé%\?%g%lse%%@%&%n%#ﬁm% (Oct.
eci.fically, fit refe abl. clu

2007 GFih S n T B e DA B B Bkl 5 pe from
the outer surfaces of the pipe segnents 24, 26 through

% inghgsdh threginshes: Inithpalermagne.dhaeaskets of s filinemay §reprrespondingly
24, 26 can escape to atnosphere. The channel 318

dim@rsafned athkse thenominal sikngf the dittsgonmtienibmyabont 't:ech to about 18
interference fit between the preferably snooth

incheés.rcul ar inner surface 313 and the outer surface of
pi pe segments 24, 26 so as to be in communication wth

[004&1‘ 3’3 ing THOSLHRE: IRASSAIRVRY mbre dhandl 3198 ddffnth W&&k path for
cordi ng

y,  the channel 318 is in comunication wt
ocket 12a 312b t o f
fluid® Leopye % Oélg% Ithp 1Sn(te as&é%?l&y @ Mér% gem{ &lentgle fgégxig}q@epreferably
porti the inte assageway 315 qof the fi
inc1§f0 2 chimnes b de6E ISRl PerRER T g e %tﬂ.sarfgces of he pipe
tight sealed joint assenbly for service in a pip g
segnagrss 2h26tthieuglewhishta graoehnad coppiapd #ra@réymr@rﬁégm@mts 2,26 can
Bl azemast er CPVC Cenent TFP-400 Red Heavy Bodi es or
escape tg atBloagtena sTler chaf\C 328 pfederabily fﬂ'ﬂﬁﬁ-eﬁﬂﬂgle dmctmtinuity in the
descri bed at pages 43-50 of the "Blazemaster(r):

intedf@Sh@ fitdetviden thdsrefeaily OMsotk cireslaningad surodbBodad théewmer surface
0 Jan. 2005), is applied to the outer surface of the

t RSy iHWE Eerttd] [rRGRr A
Ofp%fe eg%rgsggg ézt% ssgéi 7B %%%E%Q{g%tla gllven %onf I gur ar\? [ oﬁgeway
e se cket 3128
315 gﬁ%@ i e e BRI PO L TR Ry g 3120, 120
wel ds, def orns, onstitutes _ .
sucltigp Big iflppnse Gemdpeendsof b atceiens g Ao0ai BpsgRFal portion of
PCT/ US2008/ 050821 318 of the fitting 300 so as to
the iptesipe passagdeavag Sd 406 theffitfingiBeP ¢an eseapssphenasphgie frofopming a fluid-
the fluid tight seal about the joint assenbly. [0044]
tighBeakd $eint dyeembigioeder3ddinal piping spstérhythed s¢abane sl tpoeferably one
at nosphere in the event of an
of (i) Blazemaster CPVC Cement TFP-400 Red Heavy Bodies or (ii) Blazemaster CPVC

Cement TFP-500, each described at pages 43-50 of the “Blazemaster®: Installation

Instructions & Technical Handbook™ (Rev. 0 Jan. 2005), is applied to the outer surface of the
pipe segments 24, 26 and along the inner surface 313 of the sockets 312a, 312b. For a given
configuration of pipe segments 24, 26 and sockets 312a, 312b, a sufficient amount of sealant

material fills, seals, melds, welds, deforms, reconstitutes and/or collectively alters the channel
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I mproper seal, the channel 318 provides any one of the
joints 100 in the system 10 with an 5 indicator to
wo@p®sasdsny) personnel of an inconplete or fail ePlCT/US1008/050821
tight joint assenbly. More specifically, the
318 ep e aitifg3 ([edosdns gleves thaekeapawetliidtednhogpirecarf fotrhethe fluid
| ack of adequate or conplete absence of seal ant

tighRLEIHA thk foihNBs§RQket 312a or socket 312b by the
direct visual, tactile or audible indication of fluid

fhow rom ej f : t ' :

00deh" PR TR FEAING o A BB ] lfobBotethllventofan

. et hods of det ing fluid discharge f the 1 .

impiRE AT 15 B AEiEL b PReIed gAMb iy B0 G pidem 10 with an

~ _nethod described above in which operating personne

indiepter tpRBeiaRS PAUPIpChofnGrcamRiets oF faker Y EhE keipgasseably. More
system 10, the operating personnel nonitor a pressure

specifinatje, the oplysemy/gervdnethe madhénsydinwiy 4@are afithedhak eradequate or
mai ntain a given pressure. |If the systemis unable to

comPRtChbRet@RS b&lint Ri@SRUEthe bbike] DiZator sekeeMIbi 18sthd BRed@fvisual,
the systemare inspected to determine if fluid was

e I

.t system .10 cont ai ns L} qui | al.

g SO PrheesiEL BsBpel it Sl Bl dom he
fromthe channel 318 and, contacts t terial,.the
charpelydidragba ceNrdt Epy ke @5&?@@ &sg\%e&eabavwsﬁwh

or tactile indication of an inconplete seal. [0045] As
opergérRPerpPIREIGEe padaatigalhCand/ ordydraiadly deekiag therrystemol 0, the
each side of the shoulder 20 314 and preferably to an

operethtk pasmmndllanit@ hGhewbretdargd iotdbiserge 3@OtheMbe eystem 10 can hold and
preferably, the channel 318 extends axially inward of

mairthie aSiivdnasiessafe. tIhteShatthdetinadlekotid]detdiinaprebhary) &le joint
| ength greater than the socket length L, and nore

s TR o (o B LR R s PG rom the
Where the fitting 300.h e one ocket, .a

chanfi318 408 e ity e G 1087 iRt Rot s pRyem 10
so as, to place a portion of the 25 channel 318 in one

contaige R GiAuich > BHRELEhFEoRS BRIGH w%agﬁ&gﬁ%ﬁn fs i @g dirshages from the
318 in at |east one -18 WO 2008/086508 '

charglT} 18520081 050 8xImatstiblethed swideand thx metediahepnacash snprevide a visual
318 axially beyond the surfaces of the shoul der 314

or tacdle indivaticnent aamswngldtbatal.t he channel 318a, 318b
remai ns patent and cannot be seal ed off solely by the

[0043FT € ARGBALHBNGSDEL WREAC! e cBithel TS t@ds td\@cRisiie of the shoulder
segnents 24, 26 and the [ atera

314 and preferably to an end face 310a, 310b of the fitting 300. More preferably, the channel

318 extends axially inward of the surface of the shoulder 314 to define a channel length

greater than the socket length L, and more preferably, the channel 318 extends the entire axial

length of the coupling 300 through the shoulder 314. Where the fitting 300 has more than one

socket, a channel 318 preferably extends through a shoulder 314 so as to place a portion of the

channel 318 in one socket in communication with a portion of the channel 318 in at least one
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surfaces of the shoul der 314. The channel 318 is nore
particularly defined by a pair of 5 spaced and

wpe@Besa@Em y substantially parallel sidewalls 3P0r/a8m0&050821
i nterconnecting surface wall 322 extending

othet Bekeh et:naring Athdnatigh seaially btydrdehs sutéawead dS5th3Rbubded 314 can
the interconnecting surface wall 322 are shown as

furtlRd @§§u@@iﬂa@ﬂh€¥hﬁ{r@f@ma ors® r@ﬁqaﬁl@ ﬁ)@teﬁtf arldn@ngdidanredled off solely by

sur aces 320 22 are preferably radiused and nore
the L az,rcfb]elrr}{apg 9&&/@«%’11 thF %h@%acgste%fttge h‘%)@ é%}é&‘{??é 62\'/3\:?3? Irt1 r_]fltgal

|d wal 320 of the .cha ar e
surf%c&aeé%eég%lﬁ@r@ﬁg ;R ReL P it S B Bred By i or
measuri ng about 0.045 inches and nor ef erably about
spacgd esbpicfripdy substratialin peplld gidenalls Agangkan lfl}?éwém%?é\néﬁwéace wall
320 further define the depth or height profile H of
322 thiendiog drenebletvd:k8. APthefigr edohypf titersadeweillgA20 aifd thhénterconnecting
channel 318 at the end face 310a is about 0.010

surfAdRGRER3 e BRyveh & wbanabilly ptdeatitond oPbrd sfaheshanhblesurfaces 320,
depth profile H of the channel 318 15 further

322 Qfe‘:i{glgfeﬁ%lly raﬁﬁﬁé@ﬁﬁﬁﬁo&?ﬂ‘@f@fﬁbw}%n@%&@faﬂ95 1ot e clflzlnInEl' iA@rior, as

deepest part channel being at the
oul der, 31 [ for, a ¢n t he channel depth
Sea¥E¥§X§BBthéh%?mg?ﬁc ntShOﬁér“g?spec:lflcally with
reference to Cross-sec Vi e of th
004gf 5] FRE RidesrabeS2 CoiaRm e e R APAE TR 1 e el width

the socket 312b, the inner surface 313 further
W perdéreblagneasaringahgnt 0.065 inches andanere praasbinaberted. 9¢fsinches. The
i nterconnecting surface wall 322 of the 20 channel 318
inner surfieh $fl nhd dlelsydepatlaBE®further ddfmeltomdgptiudi lreaght grafge Ao the
of the fitting 310, the channel height profile H
chadr@PersS Mafer AN, Yhd Kedsht bolf heshontetie 18 Silifte by fabe 3 B0¥ds hbag 0.010
310b of the flttlng 310. The channel 318 can

mch@é %ﬁf rFlelte da\fgtte%’art])gf ab%qg? 2 gir}lg +% ﬁnlg adgcgﬁ‘l e}fjl‘&i?l?glméfﬁg B¥arfel 318
et B HEToEES Sl
t he channel aIIeI the tap

changgl ?ea%até&%swi%eﬁg & [ 126mels. F0E 6haee {ﬁlf‘éﬂ“aH is'about 0.07

constant height profile Hover the -19 WO 2008/ 086508
incheCTVMos2pesfioahsrih réfersgediodhe ¢rnes-sohapnné Viesnd. theehanpel318 in

in the alternative, the interconnecting surface 322
FIGc4M, shoehiimparédculanwith anaect pr tikisbekes Bitth, dg, inflarsudxa@miBdyrther
a wave-form along its axial length. The height H of

deﬁﬁé&%h&ﬁ@l?lﬁtﬁ}l{ 0Bt cB@theV AT WYBREBES indbdric@bRUirBcd@EN BDNof the
of the fitting 310, or

channel 318 is substantially parallel to the longitudinal axis A-A of the fitting 310, the
channel height profile H tapers narrowly from the shoulder 314 to the end face 310b of the
fitting 310. The channel 318 can alternatively or additionally be characterized by a radial
distance R preferably measured from the central axis A-A to the interconnecting surface wall

322. Alternatively, the interconnecting surface 322 of the channel 313 can parallel the taper

of the inner surface 313 of the socket 312b so as to define a constant height profile H over the
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alternatively the height H can vary over the entire
l ength of the fitting. 5 [00471 The sidewalls 320 of
wao besos@Emmel 318 are shown in FIG 4B as bei ngP@EDS100&050821
to one another, but they may alternatively define an
leng@\¢Hl tBe &h@helfﬁsp@ﬁhhérﬁn oieal@netikerthe infkecamdetivg) sprfath®2?2 can
channel width Wis preferably constant, or

deﬁx?é a{ &l Tﬁltahéf?;ré(ﬁlg ARVA! YorakgAle! J‘ﬁfavéjﬁ’ﬁxtnh alehg tthexieNansne! The
e resul tant narrow ng channel 318 can create a

helggﬁ}qtolfw e cgli%ne(fg % ﬁgan \aﬁy Eﬁgﬁkﬁﬁg Qyouft %gbglohrbfélﬂzeﬁttmv 310, or

anne SOone reci api e ve

th 0 sidewal | 320 an defjn an angle with
alerp R e b HE i SO (8 B@?ﬁ?rr%h G P of the
fittin 310. Mbreover, the angl e can vary qver
[0047bi ghiThesidewallcHdrmidhe C@Ht@%lwlﬁﬁmh@wwm é‘iﬁd‘ Pﬁ@méﬁ@lal el to
is a detailed view of another channel 318 fornmed b
one shadlabltshedA0ayt darnatianlyaiefling powngewithrefpeette dné ﬁnqigﬁl
one of the couplers shown and descri bed herein. Mre
Acchidafesy, @l dhanndl RedhOWtis pref@hbly benssdndedralternd@eely bat vary along the
forms or is integral wth the shoul der 314 of the

anglgesin cBagd 4 VéhitdiPefs
dep B Oﬂﬂreg%a&%llgigx?gilg?ﬁgdnggﬁﬁlg g%ns t hat nlcs adefl néczlr etieetso

as tos%ﬁct Sf% pr 2 Per aﬁannegﬁslgc 1&1@%&4{6%@&6%%61eqfelotcggs%b%{laﬂ%le, the
suieyva é‘%gfl? éype glfegr:l,g ?vl r%:/sggclitl'tlg g}e axj eii%t ? ﬁqtél egﬁ Jszogéhe fitting

and nnre preferably i ncl udes a second portion 320b

310.t Nereayef. ithreangdmncaanigreoves thedieight pbthe ghenns!. Bhawrig Flgx f and
end face 31 Ga. The angle a can range between about

FIGf 41t tsyerdeitailed 2@ vdefaredsr tianablolit8 fomeedonsddedhlBSgo dleat cambe
is preferably about ninety degrees. The sidewall 320

providddt R esrmididah ahRbhy/of thE L s shdvi 4rdl ReEitedmeR20 cMoh@preferably,
defines a second angle (3 relative to the vertica

the Mléﬁ Qif tht Qﬁgﬁgﬁj 3HRa8 gﬂ'm%r is o2 eGan %@ﬁghﬁeﬁ 31 £&Mhe fitting

range from about ten grees to about fifty degrees

310 @gg@es ﬁ)& rgﬁfﬁﬁ%réeagnges rblo%’l \t/e tfog dIall\g%éggglrn Sléftwl{]% ﬁ%lat is defined
radi al | y_extendi ng hi ) of th nne

by theperrlfpednaiOazs shlfear AMW&E%F CeaSErE g tychanne
the channel 318 for communicati on vvlth a portl on of a

318 .- Zhe Widewd b3 s 508 PTFIUdSR 0 68 05082 B20phgkisgagshio the vertical

di sposed in the socket of the fitting 310 such that
axistolieheveld dadet and amett prefpnblysurledesfa setdnd poktinnd3 A0bitbatiddfiogs an angle
gas) can vary along the height H of the channel 318.

o reRROMY the vEAEAl A& Al fadk 3102 r EBEHSEHle b Qarttazee BEwetigbout forty-five
profile of the channel 318 includes right and obtuse
degr@@sgl]oea%out one hundred degrees and is preferably about ninety degrees. The sidewall
320 further preferably includes a third portion 320c that defines a second angle B relative to
the vertical axis of the end face 310a. The second angle B can range from about ten degrees to
about fifty degrees and is preferably about forty-five degrees. The varying angles of the

sidewall 320 varies with the radially extending bisecting axis of the channel 318 to further

preferably define at least a portion of the channel 318 for communication with a portion of a
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formed by the corners along the channel perineter.
More preferably, the corners, turns or 5 bends
w@emwsestsisig t he surfaces of the channel are pre¢BUSIIDS050821
radi used or rounded. [0048] Referring to FIG 4B, in
p1petsE§mélﬁgil?6s@if intiesoehamieie Afi8g 31 heuchnha theoveledigrunélor pressure of
surface 322 and the outer surface 311 define the

the ﬁ@uﬁ‘ él‘f%lmri]é@#a{s) Lo &y %ﬁg o gh o (ﬁe{hé EldhhAB 1 83@Qown in particular

rom about 0712 to about 0.16 |nc es and |s
1
Wﬁh[fﬁ?p@&ﬁﬁ?ﬁf&r PP e Ry ?f(n’tae ?%41%512‘%2393%@6% PR e
t t t 0 I d,
formie s corip Bloog et s d e Motk S Sy e, s or

such as, for exanple, (i) Anerican SOCI ety for
bendsesnnaesgng tht vepessicdlle qmmr@raﬁw&#wragp@ o1 roaRdedn F

438 Standard Specification for Socket-Type Chlorinated
[0048p! v ( WiefeytingChl IIG. dB) in(t@Pkgjon Blthsthiannd?ilie, the irntemgshannel

Schedul e 40; (ii) ASTMF 439 Standard Specification
surf{@r328Rh@ tHenakd GurtiRel 3 1(detinY theChinghird &)all(t6RV6dss Rndls bf the fitting

Pipe Fittings, Schedule 80; (iii) ASTM F1970-05 15

300 e@ﬁﬁi&r Ch’o eGduk baatd 95‘0&@”651’9% grrlﬂdn@z)%f&qm about 0.14 inches.

purtenances or
The g{l glﬁnanga ?lralﬁgﬂfgs ggf: )g%ng i I%F era ?:cﬁgﬁ le%&r/ %L\%)I}{ éll?% lthe ﬁttmg, when

ASTM | nterpati ona l'ication, Vol. 08. 04 Annual
apprgpaigly testgdy ﬁ%lh%‘éflyza@gg“ exgeedl esristie dpuspy s@pdads %}CB%. fjér
Pi pe and Buil ding Products (2003). Wile satisf

exarsple (i} AvagscanySastean frarlgsting and Nntefiels (48T tStandgrd geification F
al so preferably minimzes the 20 material required for

438 Standadripecificitionrfor Hecket-UymgChlorihited Polg(éinyedhlbtitie)i (A VC)
300 further defines an overall maxi mumwall thickness

Plasﬁ@PTequ@g@ Weh&iuldao; rqx;mg"rmd 438 SHREAd r%@&ﬁéaawn»foﬂ@muhnated
7 inc shown for exanple, in FIG

Pol}}ﬁ(e\gé}?r@}m) @Fv@‘) P a@H@P}fJ@ f@g%@ %Fﬁb%ﬁfe Wlﬂ?r{}%TN?F 970-05

el g | ve’ percen he maxi
t,hi inch nomn
Stanéar&%kaewéi%m;”%r B Rk 1R ATRGHe RS o s for use in
I bs. VWhile preferred wall 25 thickne can
PolyS Y LTNGdeB A Y ) EampPgmted ROk SIe BIREIE ML ¢ ystoms; andior
standards and/or -21 WO 2008/ 086508 PCT/ US2008/ 050821
thoserproividezen e[ Iiernaieenal pebtisatien, Mahed8nil 4rnuai Broleg/se M
are appropriately dinensioned to create a channel or

Stanldeals 2088 hSeehivk Bigkanldaés- Plesiec Ripe dnd Butding Waediicon2003)h While
the outer surface of a pipe segnent through which

satlsff%H% ﬁuc?xﬁg?t%gzgtahﬁaﬂdﬁ ake gREERUANMISEIR Micpaterdtddhf@hises the
material required for its construction. Accordingly, the preferred fitting 300 further defines an
overall maximum wall thickness Tmax of about 0.15 inches and is more preferably about
0.147 inches, shown for example, in FIG. 4. Preferably, the minimum wall thickness Tmin is
at least eighty-five percent (85%) of the maximum wall thickness Tmax. The preferred one

inch nominal coupling preferably weighs no more than about 0.07 Ibs. While preferred wall

thickness dimensions can be identified to comply with applicable industry standards and/or

21-
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seal, and further form an adequate fluid tight seal ed
connection upon application of an 5 appropriate anount
wo@hoosmesdsesit material. [00491 More preferably, PEEUS2008/050821
channel 318 is dinmensioned such that the channel or
mininfiakmaRabhre§@iferii@itd, fig WwalV QlidkntRe£OBjapRopHABlyWihBndidted to create
outer surface of a pipe segnent through which fluid

a ch&?fd1 bERAL ée)fh I\Aﬁl% H‘éleﬁﬁﬁé( 'vgi? ifl cé(rgﬁﬁ@ donivi8 Bab8%r QfrfRB of a pipe

I mpr oper furt orm adequat e

segn&elﬂtg :ﬂ%&t;g{hgw)élcliﬁlg an r?adnleci% atnd 0V1d ap leuz?laltxd]xg or f aaﬁiﬁmlploper
me is prefe ny def | the channel h,
Seahtaﬁ*él% Rt el o e uittigis a?%q RECHIOFPOR 2RP a %H%n of an
total channel volunme of the flttlng 300 can be further
apprdpfidtpn egiouphoftspdantumgienialof channel s 318 radial ly
di sposed about a socket 312a, 312b. Although only a
[0049] ngl &b arefehbl31Beickarsbhb iatlimdisionad sdchakat3dOthannel or leak
FIG 4A of the fitting 300, a plurality of channels
path%%ﬁ dBRYe DEoill dlbdHjhnetidh SROSBE 0B fat H6f £6ipE kedma@X ki§ough which
A-A of the fitting 300 to provide 15 nmultiple

fluid %e'r&?cﬁl?/rléilé é?)ﬁté)?@vl@ £ VRLAINGIPALSONRE R E%F‘&Qﬂ 394 tﬁ!ﬂ‘ﬁler form an

uac sea in the JOInt as

adecw&%ﬁwc@? SRR sei he S BHLLARR ?%%?ﬁw%%r‘fa PRBY or o
matc o Bt PP o PR PRALGFY a3 naineRayR. i hannel widt

Table la, is a schedul e of channel di nensi ons de th
W anhthewiethhpyfilaiadie éatalahanted vehunefof gl Bitiog 30H gan bﬁahlrtlber defined
used over a range of nom nal size 20 fittings. -22 WD

by t2OQBAKNE 65 08inRET 5 US2I081yahGR2dd afodOhdckdistil2e, 312bCiadthoegh only a
Depth - Channel Wdth Channel Depth - Channel Wdth -

smgfé cﬁlbﬁhe) 318 Wshb#n bt tHe Chdd face W 0B 1 DIG. AAGFALOHRBO 300 0bflurality of
015 0.015 0.100 0.025 0.025 0.025 0.060 0.005

changx.e%%g 8 npay%ffa&)laﬁy?' 915905Q§ St WHePcenBaLads R:A2P il fQﬂTllsg 300 to provide

multiple indicators to the operating personnel regarding the adequacy of the seal in the joint
assembly 100 as described above. The inner surface between channels 318 preferably defines
a constant radial distance from the axis of the fitting 300 so as to present a substantially
smooth inner surface 313. Shown in Table la, is a schedule of channel dimensions depth H
and width W, measured at the end face 310, that can be used over a range of nominal size

fittings.
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0. 050 0.025 0.005 0.080 0.035 0.035 0.025 0.015
0.015 0.080 0.015 0.025 0.015 0.060 0.005 0.060
wO2@858¢309035 0.015 0.015 0.035 0.025 [0051] ArCTOSIYNS/050821
the channel height H profile and the width Wcan
[Oosr()?mai FahREf ant over a range of nomnal fitting
zes“t“h‘é‘thannel | ength, the channel w dth W and/ of
re—chanfetr—5—hetrght—Hcam—vary—wth—the—firttiTpg si ze
D PERSBIME acemBsiant di orA% epal relcadnheonshi pj Wer e
prexémpl e, theWdinirensi ons bt he prefetfed channel

H_Q of one cnr‘|/nf Q’l’) |h fha nr.of Qrvnnl nm a.al one

T TTCT

hch 906G i ng 20008t i ne a hd Bt -to-lendt®oatib H L
ab®fts 0008 014k channel Oqﬁénm‘h and Qq%%ht H can
b di @B?fsi oned @08%rdingly fO095a fitti noPtQIO | esker or
eat@ﬁZEnom nal 0.03 ze to pres®bve the pr&dérred| ratio.
Nowno.0z6 Tabl e A0 bel ow i s Gi5exenpl ar W.8Shedu] e of
di gress1 ons feprsa channel g3b8 1 n whi clo.@gge or| nore
MENEHEYT SUCH @ggs O exanyy@s channel oydsdin W vary
th— e oAl sy ze oty {qist ti g 300, 7450052 Tabl e
a——NCQv A NE—viAXI MUM
.AN!\ PHPE-ST- P1—bHA: 2 HANNEL
5/II\I\ "-§\ RN |r:|_rr|_|/~5(”\)
1

I ATl L} \ LI\l }
0 7'; Q0358 1 04860% 719 0. 567 0 038 0 076 1 _3J135

1.310 0.875 0.707 0.044 0.088 1.25 1.670 1.655 0.938
0.882 0.047 0.094 1.5 1.912 1.894 1.375 1.023 0.067

[0051] 134 AlthoRgI38iE cRarB6Dhdi gD pdofRGand0the %a3diD. W 46n re2ndin constant over
2.889 2.868 1.750 1.537 0.092 0.184 3 3.516 3.492

a radsc®f Dok SR 8itth gl s Othd @Rannel length, the channel width W and/of the channel

Q_I—\U)LQ UO_'OJ_"""""

height H can vary with the fitting size to preserve a constant dimensional relationship. Where
for example, the dimensions of the preferred channel 318 of one socket 312 in the preferred
nominal one inch fitting 300 define a height-to-length ratio H:L of about 0.008, the channel
length and height H can be dimensioned accordingly for a fitting of lesser or greater nominal
size to preserve the preferred ratio. Shown in Table 1b below is an exemplary schedule of
dimensions for a channel 318 in which one or more dimension such as, for example, channel
width W, vary with the nominal size of the fitting 300.

[0052] Table 1b

NOMINAL FIRST DIA. | SECOND MINIMUM CHANNEL MAXIMUM CHANNEL
PIPE SIZE D1 DIA. D2 LENGTHL RADIUS CHANNEL WIDTHW
(IN.) (IN) R (IN.) HEIGHT H (IN.)
(IN.)

0.75 1.058 1.046 0.719 0.567 0.038 0.076

1 1.325 1.310 0.875 0.707 0.044 0.088
1.25 1.670 1.655 0.938 0.882 0.047 0.094
1.5 1.912 1.894 1.375 1.023 0.067 0.134

2 2.387 2.369 1.500 1.267 0.073 0.146
2.5 2.889 2.868 1.750 1.537 0.092 0.184

3 3.516 3.492 1.875 1.858 0.100 0.200
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-23 WO 2008/ 086508 PCT/ US2008/ 050821 [0053] FIGS.
6A- 6C, show another alternative coupler enbodied as a
wo 2ao808F0800" having the channel 318'. The fiPCT/I§2008/050821
300" is a coupling in which its internal configuration
[0053nd O¥EGS8I dA-6Uest@hharioshes ahahatinve @lublyer sinbddiad ag ofitiing 300° having
previously described fitting 300. In particular the

the @{aﬁxﬁe@@ﬁ ?d THetfiliRg3GPqs 2 B&aH1AB i1PWaIAlils ihiepat &br@fguﬁa‘ﬁ@ﬂhnd overall
50 inches to join a first pipe segnent 24 5 and

SR SO POl et %ﬁ?ﬁlaar
G300 S U b 0 PP RBP4

anot her, [0054] Thejpreferred fitting 300’ |ncludes ,
and g yigropd PiRSISeLBOEIERICISEDlY by BIopket-type fuweFtian. 4l hedjipg 300

el enent such as a pipe, fitting or adapter. The
defioaswdbegin@0R] axin &I’ vdeslong whidhgpinsdipipa segraent824., 26anehld he

i nner surface 313" defining a central passageway 315
subs@azhtnanjda;ﬂguﬁbl@gigdtvh& @xiagothé. - A . Dividing the sockets

312a’ 312b Is a circunferential shoulder or ring

[O()S%t fe@&‘?@j fYttl&% @U@qném@&g{v@ur Yoo 5&1{5@% 112;9 N®I2b’ to receive a
rface re pre erably integrally formned

he f|tt|n
pipe o P s B QR ol eF P Bpiay S0, BEUARER g gurtece
311 It%)éicaglr}%rgrlgo gﬁg qg g&m}ggg g%t‘u!a ks guﬁiyé gé‘g(éfﬁ’l Eﬁg a?ong the axis
sockets 312a', 312b' ,areas|n1jarl configured and
A-A3). dPiggiding Wesprkets HAar 34U fine sirgmafereafial shopidRiger ring 314
configured to forman interference fit at one or nore
prefeiablyfofresdeinteiged!lypainths imdet burtdee 303t axd rsere fpagferably integrally
pi pe segnents 24, 26. For exanple, the sockets 312a'
form¥24th @k Erdinl 30ver THe WL BY4 tdeengy é@iabbpentranech 0@t the central
i nner surface 313" so as to forma substantially

passqd I%F %%hg%ﬁ#%ﬁ& E@rﬁﬁﬂﬁf‘caﬂ‘ldr{ is RAHAed BBy RInRRe gilge segments

Seg aper 20 of inner surface

24, %6? g&’grpggag)rl])g ﬁgng} &' s%ﬁ?g 2 e’g Iar}%tilml%g?ytc%n d%ér%b and along with the

space betmee the end face of the e segnents 24 26
mneaﬁlaf@tcr%ém sfﬁa yeuredAp dapy ap P\‘/‘% %@emﬁ E’g ApoNE GrARYEE
of the pipe se nents can engage the shoul der 314" to
circfroferdnginl paingstwitdhaputer suysice of t%s pépepe pacrie det & op gxamge, the
through the fitting 300". [0055] The fitting 300
socketsr310er, 3i 2ic | anel Asthonde ford bptie wbierabdt sp81i@ inher stethea®l 3450 as to
| eak path 25 for fluid conveyed through the joint

forrrgf g%g%&gié?ly\@k%nﬁ&%ﬁhil'1§t@fféﬁéncet fxeabbiit the PHe3O@ments 24, 26. The taper
of inner surface 313° can define an angled surface that limits axial progression of a pipe
segment 24, 26 to define a space between the end face of the pipe segments 24, 26 and the
shoulder 314°. Alternatively, the end faces of the pipe segments can engage the shoulder 314’
to further limit axial travel of the pipe segments 24, 26 through the fitting 300°.

[0055] The fitting 300 further includes one or more channels 318 to define a leak path

for fluid conveyed through the joint assembly. More specifically, the fitting 300° preferably

D4
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-24 WD 2008/ 086508 PCT/ US2008/ 050821 includes a
channel 318" to define a | eak path over the outer
w@oBageses of t he pi pe segnents 24, 26 throughreiusivog050821
gas or liquid contained in the pipe segnents 24, 26
inclifERE a @BARBES 180 to A¢THRHIBA! Sath 1 thhanaeduriddd’ of tiepibesegneents 24,
discontinuity in the interference fit between the

26 tllig{l‘?rg\gﬁﬂﬁf & ogﬂtg.ud andaihBeiOUE Blpe SHhARE2PINBR a8 SLABOTS

ein connunlcatlon 5 wth the central

o AR AR S B B o

o fluid f|OMA romthe ends of the pipe se nts

innepaBIacRE6S. ARG S CERBOs SRS 86? 3 b p g ncation
300" can escape to atnobsphere. As with the previously

withdbe eeritipbpaskageniari g | S0 0t coptingly s the ﬁlganaelo? 18 @rlﬁ«@owmntﬁaaon with
tight joint assenbly using a preferably flowable

socksedlaat 3’ anélathaefuidifeetss dmabouels of the[HRE&LNTEhE 242, 24b into
i nner surface 313" preferably tapers narrowly fromthe

the &ﬁéalflﬁgﬁgé&%% 1 ﬁfoftﬂbeﬁmﬁ% 800°re@n 3QApe todatinbepiRROUAg@Ith the
31 efi'ne a socket Tength L' preferably about

prevgv B' de@&ﬂ%ﬁ m aé;?()d gl%fellﬁt‘ﬁg% 3@)@%ofrﬁ‘§1§ﬂu§ll%fgfh@jb¢nt%§s%mbly using a

her pre first dianmeter
of the socket 312 of about 1. 325
pref?rﬁglﬁ'ég’wa?ﬁ?% §8 ‘8%‘8“%‘&5 Stcg?se%)ﬁgovet t he base or
bottom at the socket 3 roxi nat e h
00561 abdie I@eeatgf%Cﬁéh%spreé@@af @P?f@rn?/rro‘xf;’ f%%e@gﬁja“ 310 of the

dianmeter D2' is preferably smaller than the firs
fittirgj 3098 tethe Bhoulderid 4 stooisfide p sedkat lengtbdamé@fe@bky@whbl?? inches.
i nner surface 313" preferably extends radially inward

The tapapofitht hthee anfacald 1 3ixfustherAreBrabbydemeambium tissetad ' at the
present a surface to inhibit the axial mgration of a

entrflcP %f %1%9;6@1@{ 312@%6@0&th@2§ eRdieE a®f a tdeend Hiahiett@ DPett the base or
sufficiently lowin profile so as to provide a desired

g L

defi nes an tern a e fit ,
the %GBOTHQ‘%%‘BSHSE Pl TRAEE Ry ot et et 1 "G dgjeer 314
or about 1 25 inches and is nore f
locaFdWH%B% wier Firra At dreferaply flfi%?ndéra %%?‘%ge}é{@fadg‘ge central axis
the shoul der extending perpendicularly to the centra
A’-AXbysanfam@int saps toqaessotmsuafase trkingibitrthe ieiel migsationgiladépe segment
314 defines another internal dianeter D4' of the

towdrd thid R@ter 30heiteheyabliffichamas Usw mgp@litudo dk.td pravivereedesired fluid
The counterbore of the surface is preferably to a 25

flowdBPlethrOl g2 Qe siBdd38sshiReAA@Rr fluid velocity. Preferably, the shoulder 314°
defines an internal diameter D3’ of the fitting 300’ to be about ninety-four percent of the first
diameter D1’ or about 1.25 inches and is more preferably about 1.10 inches in diameter.
Either of the surfaces of the shoulder extending perpendicularly to the central axis A’-A’ can
be countersunk such that the shoulder 314 defines another internal diameter D4’ of the fitting

300 preferably measuring about 1.11 inches. The counterbore of the surface is preferably to a

depth of about 0.035 inches.
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-25 WO 2008/ 086508 PCT/ US2008/ 050821 [0057] As seen
in FIG 6C, the inner surface 313" nore particularly
waledosnesps t o each side of the shoul der 314', P¢BUS2008/050821
channel 318 by a pair of spaced and preferably
[OOiﬂl}JbSt antse@ inyFipacel thelinnes bewali 3 BaR pasivdlaal ysiefihes & each side
wal | 322" extending therebetween. Referring again to

of tHe! s@oul?é' 3148 Nfe Hﬁﬁﬂfl(?el 83%§3 pir ef 12kl %d%b@}dbl/y ﬁ?bfsﬁﬁﬁjzﬁly parallel

rom t’he shou the length of the 5 socket

&degi%%BZO?' g% éllxr? ! hv?allegﬁwaﬁégdlgzzguepe%fe{\%e% geglﬁrg?agﬂ%to FIG. 6A,
the §¥§§Bigf§e%e$1%&d§%%@§ opae e ﬁﬁ"%uqéﬁﬁ& 1Y g length of the

preferably about 0.060 inches. The inner surface 313

sockahal&ahe% 1@?3/ dievibe erl f3opof the fifther3 1§at Phed't he depth or
hei ght H of the channel 318'. Preferably, the

[0058hxi M bieleghlls 350’ bhithechamméB 1 818 spjaned dartrte gelime @fhannel width
t he socket 312a', 10 312b' is about 0.010 inches and

W’ ﬁ@fe@alﬂ’y ﬁfe@sﬁ@ﬁlg)éb@th@ﬁ%(ln&% ahd ﬁid)@@;?] refongbl¥ Bieoue DABO@hches. The
volunme is preferably defined by the channel |ength

mneg itgf&c@%ﬁhﬁﬁn(ﬁé sﬁﬁ'ﬁ%lﬂ W’ 5{}% ?&gﬁ: tht depl6r h&@ﬁr}?‘%f the channel

can f ow the sched nen3|ons dept h
318’a (fV%M Bag%y ’dhe @g%e@%gﬁ%gl?taotlf t}gehcﬁlgrﬁnegg%% ng}rlrel rr]?g o’n ozi}?he socket 312a’,
tt Alth h th d
T e A X -

fitting sizes, 15 the channel length L', the channe
is prafedatiy Wetineddydhe elrmanelHenate L’ ¢ efrnnel widhnWy ang degith i The

the fitting size to preserve a constant dinensiona
chaiirel 318’ eas follpw Wb ectediilerof dkaerploas, depth HiamiemisltioWs, measured at the
the preferred channel 318" in the preferred nom na

end %@ 3I1 0% Bs piokideBgh 38e 16 8dridN@ngPorltRhiidl sl feng! Mimhat IOthe
of about 0.008, the channel length L' and hei ght

chaxﬁel ﬁquht% anq'tﬁ@@/?dtl? Wdcaﬁ%iﬂ{ug B et 09kr Prahbd %ﬂ 1{3)9(11951 fitting sizes,

esser or grea er nomnal size to preserve t

the @{ ef ge:r@ﬂégat e 1a{|§/1%ge Etp;? er a ?Fytpe : I?a%ngﬂg Eg %%1% aeli,.]ry Swith the

define a void, in conjunctl?n with the out surfac

fitting siggioj e earpripRl WmghEeral relatnshigh Wikre " EREMBIe R
readily | eak and provide a visual indicator of an

dimémspme pé thegeefierred plthnné iy 18h éy the prefersgs! raeigalame inch fitting 300” define
fluid=tight seal ed connection upon application of an

a heihpi®@ Rhpatatio ANDO LT alafut OB aht chanelleadth L7 26d height H’ can be

dimensioned accordingly for a fitting of lesser or greater nominal size to preserve the
preferred ratio. More preferably, the channel 318’ is dimensioned such that the channel or
leak path can define a void, in conjunction with the outer surface of an inserted pipe segment,
through which fluid can readily leak and provide a visual indicator of an improper seal, and
further form an adequate fluid=tight sealed connection upon application of an appropriate

amount of sealant material.
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WD 2008/ 086508 PCT/ US2008/ 050821 [00591 The total

channel volune of the fitting 300" can be further
waledosigdody t he nunber of channels 318" radi ab¢TUS2008/050821

di sposed about a socket 312a', 312b'. Although only a

[0059] NG| &he e ANUREGANCB 1181urrie$3f$}hﬁﬁﬁlngit30® hen@sdufiae defBded®y the number
in FIG 6A of the fitting 300", a plurality of

of cl’?zl%ﬂ@l@%ll & r%&i%lly '3%}5 %é@ b3t aaojokl?(et@'l SPOSEL aQP{HBué}nﬁ)ly a single

entr al A he fitting 300" to 5 prOV|

.. e |nd| or atin e
chaqnsgéisﬁ.laﬂww Brdi 46 75 RESCEEN YR REE G g v of
as_descri bed abqve, [00601 The fit ,
chargelsr i aBry b ara@eﬂ@oqwr%sqbabemeﬁswaﬁ PR g gtk iting 300 o
coupling. The interior surface 313" and the outer )
provider halsiple3indicatorsetp sheatrieyatihgipiersenae! censsdinmthe agpaiiagy af the seal in
wal | thickness preferably neasuring about 0.14 inches.
the jAC 000N a3gleycribad tbevet egi on of the 10 channel 318', the
outer surface 311' of the fitting 300 forns a

[006@'] 0] eqhl Gifkinl 0’ Ry SEREDD! ¥ ScHtaUlc® @V dohhid¥l o8 theR coupling.
hei ght H' and axial l'ength to define a volune to

The Prgtg’r\f(%rds% BG gﬁ(? E}E"btuteg ’ I?gbi' ?P?é’?érébl& hém staé{1 Einimum,

ness o tting I1s pre

ured such that the |ate
waliBlgkads P@iﬁa@m’%@‘?‘g‘f‘%@/’ki{ l it OGO ARHL WP oy e e
standards such as, for exanpl e, ETM SpeC|f|cat|Qn
charmgB3L&othe outer pptred 3Thefhehding 840 éomsiagreicgibaitt b aepferably
herei n throughout are appropriately Schedul e- 40 or
haviSg heddiheW8mand arigight &t eahdf axiahla@pUCordetiae p aplumedh psgyide the
for exanple, the CPVC material described in the
condta ot Zdhimuat wall Bricidiess TetcanSheetal thidkhestefiifa fite(g )s preferably
3205 (2003) or (ii) TenpRite(r) 3205 (2003) which are
conﬁ%lﬁ'&f aRhakL %ebﬁ{tuﬁgfﬁﬁ ?rd Haielysteﬁet‘i | a8 bMtisfPhnd/or exceed requisite
alternatively Po Vi ny gh | oride (PVC) material. The
indug{rgfstgﬁéaqgs A&k QQ‘%OP@X@%’:%M“A%M I@ge&ﬁ&eﬁ 100953899 15 by 20
genheral 1'njecti’on no using a |nject|on nnldlng
ocess..such_.as,, for ex e descri bed
1006 eon: FREoepaBHceRIPS R PERT bRty RS w&ly Schedule-
Mat eri al Sol uti ons; GEneraI I njection Ml ding Gu
40 of JehedubradiBgonsipstediipm GG st serhiy. fosexaaniedhs GPVFs,mateﬂal
entirety. Preferably, the injection process includes
descuibedgn the lobdzdl arp.drdduse Dataeheetan@) ToupRisase 330532801 or (it)
the axially extending central passageway of the
TempRek@r32ed ($003Y) WhikchdDO inchiperaey by yefdbneun ftaestiefy, bhaternatively
nold formng the inner surface 313 further includes

Poly®rdl EY108UE BMIENGatetidOehePreferréd method of forming the fittings 300 is by
general injection molding using a injection molding process such as, for example, generally
described in Noveon Inc. publication entitled, “TempRite® CPVC Material Solutions:
General Injection Molding Guide” (Jan. 2003), which is incorporated by reference in its
entirety. Preferably, the injection process includes using a mold that defines the inner surface
313 and the axially extending central passageway of the preferred fitting 300. The cavity

surface of the mold forming the inner surface 313 further includes axially extending ridges or
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define one or nore channels 318 descri bed above.
woe@BesaEns y, the fittings 300 are further conBCT/US10081050821
i n accordance with applicabl e ASTM standards incl udi ng
proygﬁl%gs R2efide bhobngoRRRafri ehidadedciBadebs @ nPriRitdbdy, tHSfithings 300
di mensions, so as to define a preferred ratio of

t t
e SRR A e iR RSS9y e it e

deﬁx%l%g §b%a{$andf%1| %%éélglgg {R:%S%?’P# ¥ gff o%? y ag F(S@%%e at}ﬁ'étgn%d ratio
t t , f
of oale i RaTa Ml RGO BF THie kéhmf@é ey Ty’ LOBE,

mat eri al and/or used in conbi nati on copper or st eel
Accpidpels dhmevaneel 338 i ort 89 as eresicwdl efealcannst haghidd fewall

pi pi ng assenbly. A preferred copper-to-steel (CTS) 10
thicldebd tatig ofialthwi/3assenbl y can be configured for a range

of nom nal pipe dianmeters, preferably ranging from
[0062POUt AllfefhakiRel ? the paldakdd ﬁﬁngﬁ&%a fitdhdshab 6B cobi@ructed from either

preferred fittings and assenblies described herein

one 8{1&[5):6% (% r s34l gle Gtk rfaPind &%%h%%%ﬁé%ﬂh%@&é& %@Eﬂe@lr}ﬁpe debments to

e un rstoo that the preferred coupl ers can

hani cal /
forn} 3 gl?ea%lml,yas]ea ed s ﬁ(ﬂg?rg(i? gr{)?rggr aasgéna 4 r%i %’g%rr%g C épe? tg 'rs]ﬂsggl (CTS)
ﬁtt1rg"élét§%,rlan§f§s|d:\rlrﬁ>gy geilgbe];c?pr &]ggr%gkgrleqﬁ%rgg ?%}p%{i:ldﬁ;%? Bline'(]éls preferably

extrusion, the channels can be forned at the time of
rangimsfremlaboitdh insh tpebeut P4 krdhent Abhough the mplaged|figngs@nd assemblies
fitting or piping elenent. Specifically, a channe

desceidBd beretaare well stimahion éirecprbteati@ngppdinatapp] it skl débsurdessted that
of the fitting or pipe segnent sufficiently deep to

the frefeftel RS IS 'cﬁ@ge ghannekernMele mdAhhioN/Rav@ah ot Bipakdietidential,
unnecessary pooling of the sealant material. 20 [0063]

comer &to(?%dggg\é?ﬁ%ﬂﬁgn GhanRglm iR A tﬁﬁx gltﬁ r@ﬁh‘ex €hahnels

con |gure ng as It provi In a

des% \%ﬁ?h ng/e\gfl%ég%gé“%rﬁ lgllo Ifégl ?l;redgglgitﬁg,l $Q Ia%%'el% gg l%ebfbrmed at the
FI GS 9A— 9D;_ FI - F -
(eIl HIORIOf 89 Tiarr 8 iemboa R A R (THeE FORRbe Fent

fitting 300 and the channel 318. Were the alternate
Speéiiedlly; eshanme! ¢anlhesmndvethachinhcwtedpeen applicabls miglaee of the fitting or

socket of the fitting, it is to 25 be understood that
pipessegincieativi@slyateep applmchbisirtd clenhelofettshallsoehkeigh tofvoid

the fitting 300. -28
unnecessary pooling of the sealant material.
[0063] As noted above, the channel 318 may be alternatively configured so long as it
provides the coupler in a joint assembly 100 with a fluid path to indicate an improper seal to
operating personnel. FIGS. 7A-7D; FIGS. 9A-9D; FIG. 10; FIGS. 11A-11F and FIGS. 12A
and 12B show alternative embodiments of the joint 100, fitting 300 and the channel 318.

Where the alternate features are illustrated with respect to a single socket of the fitting, it is to

be understood that such features are applicable to all of the sockets of the fitting 300.
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alternate features are shown or described with respect

W@ 2008/08650%)l e coupler, it is to be understood PEHUSHO&050821
features are applicable to all of the couplers shown

Moredvbr 098¢ hig@fate Fhih@egMRe Yho e beddicriddamith fepdet {6 a sidgle Soupler, it
the fitting 300" in a joint assenbly 100 in which the

is to%%ﬁ@sto@&% Féchl ig&oﬁ{lﬁ ‘Areaz;pgh 19131 drahd alerd %Vﬁodnﬁtdescmbcd

in the asse ere UId and 5 partlcu arly
thr OP%ug@%gmc %21{) &% (i‘xle'l Fglf}] a7t15t is the a.ra@ & lm § ﬁ?lgt zir%éegnlﬁ‘g; 616&) Yn which the
col ] ectiaon of dlschar d f|UId |ch n nce
chanR St 1o4eH s i %ﬁVIFadHE%%%‘H PO e ARABPAG OTWRAEE uid, and
illustrative coupling 300a" is showmn in FIGS. 7B and
partie@arly diquithesn aceumylaisedhg thanngk 3 Ko cietesabiy mghudesa stgp transition
preferably includes a channel 318" defined by a 10
317 spforal a igsevaviefdreblladloh pf dstlemgidnipidmdindy dahenhance the leak
| ongi tudi nal length of the fitting 300". Helica
indihanTelctiaa8" preferably has a rounded profile in the
cross-section relative to the length of the channe
006Q:ﬂt Ot QP IRfsrh®R &)@Eh 3(}{)%9(-1 Sk, RS I8sY78 RAR ?é fBE inner
led c anne or a are . channel . The profil
318

Surf@cregaiga P ed P SN R %%62'%9525’1@9{@ ned by 3
SPGB DarRaR BBt A ABTegh Caring 10 T Aisticl

ot her end of the channel 318" and/or any other area
chargieb pIoE eprefodgtdy bar a tounddseprofilerin dhe @aB sectsqueiglagige to the length of the
i nterior passageway 315". The channel 318" preferably
char@!, ®adsthér raotiles eardbe et budnd of aslepe@dDaigledh@hriel ofr atdqeare
coupling 300a" towards the m ddle of the coupling,

charﬁl@lj PS8R Yhd éhrafﬁlél 31 83 dafindshedeptidr Rt OF ofShO B8 e relative to
di sposed at a longitudinally mddle position

the ﬂo}'&xy; b fhel Q\?r 9&’9 1'N9n39 9 ‘defifidst aeﬂagéatgéwgy at ﬁgf&&tﬁ‘? Ql?cl)ws one end

can ex end fdr on a portlon of t ngt h

of t}g i??%s K)sg'ozrlzﬁlxag%lgleb th% glﬁr enéifo%rt}he C grl gi’ &nd/‘(a')r any other
flttln s._ 300 descr.i bed hereln the fluid dlschar ged

arcardigpepect asacenn ks dhanng 3187 piush a5 HripT apsasRayet S t o [he channel
at nrosphere from a channel opening at the end faces

3183 poeferaBlyGixtantls fim drictar bty c@ddaces3 @’ hatl P'élof thgrcoppling 300a
addition to, the channel 318 can 25 include or be

tow&raf fHeguideld odisheacouplingl @hd bedf@al® 4eraliongs @ theeabuahent or shoulder

portion of its outer surface 311 -29
314> disposed at a longitudinally middle position within the coupling 300a’’. Alternatively,
channel 318> can extend for only a portion of the length of the sockets 312a’*, 312b’” without
terminating at the shoulder 314”°.
[0065] In any one of the preferred fittings 300 described herein, the fluid discharged from
the channels 318 is preferably discharged to atmosphere from a channel opening at the end

faces 310a, 310b of the fitting 300. Alternatively or in addition to, the channel 318 can

include or be configured as a through hole 324 along a medial portion of its outer surface 311
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WO 2008/ 086508 PCT/ US2008/ 050821 between the end
faces 31 Ga, 31 (b. For exanple, in another

wabkdososads ve enbodi ment illustrated in FIG 7BT/UB®08/050821
channel 318 can include a portion having one or nore

betvichh B1hdTadee s 1624 10 ap&i srgmple! uglbthch gltamadilve@imbiodnent illustrated
coupling 300a" and in comuni cation with the remai nder

in Fﬁ 70, e Ghannah s 348 nﬁluﬁpg pI)I’tI'o%IIﬁIQmI@QIn@ oBRfbre BEQMHIRR:s 324

uid entering the annel’ 318" fromb5 interior

passﬁ}gotg{oggﬂgy d\iv%lggﬁ t%eg Fgﬁ(ﬂl%lg?ég A I:lrIIIae I‘I’?ﬂdrpgatl%g% h tI'Ig remamder of
the joint a 0 refe the throu )
the ey $1 Foc AReimateh he 12 py Iﬁ%III%elgwﬂt & Pl e from
Al ternative, the through hole 324 can be di sposed
inteentpaesagewashal % houtdefroms 1he coupling p0%sh dofraeade Bdget or indirect
31". Wth the through hole 324 | ocated at such an
indi¢anibe ofie diaktie thegsint asambiynidOr @neftratiyr thefthiobhgh bbladdélis located at
318" does not need to extend all the 10 way to the end

or fdrAe8n §tQAculdd AR, AlhereRy, Bt evidithote 321 @hibéalisposed between
shorter channel 318" that can ternminate at the

the sIhIIBPBEIIg?VIm éd &&Qg%ag R%flg P WI‘[II @e III}S%%I‘II)CQQB@?IUC%% at such

ustrate e fitting 3

an ngﬁrﬁ/\ﬁ%éqte %a%tlodggg:rﬁ%gw%rre&gﬂbchna%t II rIS?Tdé)ge?(Itl’rIlreﬁg to extetSnIa all the
th I h I I fol

Wayéﬁwgaelgggw;}y n%P g?rg%‘%,lllg%pg péggt? %Irolrter channel 318"’ that
| ongi tudinal ly ext endl ng channel s 318a", 318b", 318c",

can Bti8diateaat ¢he theaighhble Fsposed about the i nner surface
313", but any suitable nunber of channels can be

[0068]p!| oReterrikgahthe tmbbéinehariedtsitcdiB FIQE f/08bthe fithiod B0’ is
a radiused interior surface such that the individual

shO\QIIiI annel pa@t;c% {ardefbiRSoR 0BRGNt dhinSe 31 8 abdcEibbdherein.
channel Further in the alternative or in addition

ek RS AL H@I@l@“
e e B R L R o AR el gy o
of the fitting with a_constant or n

i mu
radiqlf e ook drednagiisytfagend 3pr Bty ISWFF%’I%H‘Q"I’%Q? @bﬂimels can be
al ong the outer surface 311" for a distance

empéayailv Ehenef thechasngls 3189 ptdferabbrinésmdlﬁh@]e(t maavipssurface such that
318". Alternatively, the projection 319"can be sized
the ioividual €spacid 180 defihss @sydbetahiialy sefmitcireulahdnaned]. Fenlyrhin the
318", 25 or be disposed on the outer surface 311 " of
alternBEVEAUR b ME 0B D e AMNuREQE ITBt & b@plte308898hows aPFIG. 9C, can
include projections 319°” which are disposed to provide additional support to the wall
proximate each of the channels 318°* and/or provide the wall of the fitting with a constant or
minimum wall thickness. Preferably, the projections 319°” extend along the outer surface
311’ for a distance equivalent in length to the corresponding channel 318°°. Alternatively,

the projection 319°”can be sized to correspond to only a portion of the channel length 3187,

or be disposed on the outer surface 311°* of the coupling 300b** only proximate to the edge
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al ternative enbodi nent of the fitting 300b"

w0 dosssaset ed in FIG 9D, one or nore of channedBUS2008/050821
318a", 318b", 318c", 318d" are sized to have a length

310’t’ hﬁ{ th‘éi Qﬁ&n@@&e én@@féili}nérﬁ%f t}%mﬁtlﬁ%‘}@(_)@f ilfub@atéd It FIGY 9D, one or more
10a". The shorter channels 31 i ncl ude a through

of clth @133¥§fa’t 18H" oyb% ’ gm%o?ﬂ legﬁ%l é&%}l%rﬁ%h%a& Boésl'lﬁ)t reach the

e environnmen trative

o B 2B S AT SO0l Ry Gy

surface 313" of the coupling preferably curve in both
providq Gagnal GamprmicaHen wthé}eﬁﬁtéwéwmvawnmep ction so as to
provi de a substantially wavy channel 318". In another

[0067] | ustm theiilesteibodnhehmeof oftapeefeired ﬁttglg’a‘?@@@l“ ipFIG| 1@, the
11A, the inner surface 313" has a series of

char@ @B 1847 0318bl* dbghddudonpedht ynrdi spésed]3°0of dletconplaty prefeyably curve
di sposed in a 10 circunferential direction (not shown)

in b&f aQ§né1R1dH{aPé(ﬁdj&rcﬁrrEQ@ﬂ'i‘£ ldir8difdn bk MRproRle létsubii&xtiaﬂp &favy

sur face wi th an undul ati ng channel depth or
channgl %ﬁéﬁpna}rlgﬁey gtgltléa)?{\)e gusboafnr?eé]g Fg{hﬁ %{%ﬁ%@efdf neg. plyA the inner

surfag 313 and tr exte radl 1y, out
sutfecrhor s 8arracs i ions da Gion P ghbomd ﬁ?&ﬁﬁéﬁ% gisposed ina
are preferably in connunlcatlon with the end f
circgn{yzentiaBdigstion tipt SROWMEP 38 & Brov e GIgRANIFEP K8 é@l@ﬁ@ ab%ﬁhe inner
shown) to provide the preferred | eak indicator. [0068]
surfiae A1RE vaklt @7 watubatiegisbainebddptlobr hidightfH. t Thawenddboidhs ok preferably
FIG 11B, the inner surface 313" includes a series of
defiReAKSalRXta8IAE ipBeksledtbindink Yadi AiWainthafd fomishFacd1Band t3hghs
Wi thout radially outwardly extending troughs. The

exteﬁﬁﬁg %lﬁhﬁcﬁ%% sk Renrhies peaky tﬁfu%ﬁ?!iiat% ¥harief 118 are

han The height of the peaks locate a

pref?rggls dp¢c rrent 1cap 5 wstg‘?l% Qndtfh & ﬁ%ﬁkeigl()%o’ %1%%49 n?ctlu% tthrough hole

SYaned®t F'om i'nher Ssutface
spaces etmeen t ner sur f 313" and the outer
324§Eﬂi1s’é%@16f’pf9¥éd ﬁgﬁér iR 1&3#@% the | eak path
t hrough which fluid can flow and_escape in

[0068bs endethsfaltamatgrmadiment of Sedltiing 3¢ eoh HIG- lﬁﬁeﬂﬁéa&f‘g surface

shown in FIG 11 B are shown as conti nuous
313 ¢iimcdudes erseris eflpeaksrysendpaaediall pimyiarditomatht yurédco3g3 t athout
axis of the socket 312b. Referring nowto FIGS. 12A

radi@RCouk@Bidl{ B@eddibEfroddhs PFRK sFeRBs @ikpRedbétinéed thelpealdPpreferably
configured as one or nore radial inward projections

defitéfhe AR § B Ofhd P18 OF R aRABCAE & pipe3dgment inserted in the socket
312b at a radial distance from the inner surface 313" so that spaces between the inner surface
313’ and the outer surface of the pipe segment define the leak path through which fluid can
flow and escape in the absence of an appropriate sealant material. The peaks shown in FIG.
11B are shown as continuous circumferential rings spaced longitudinally along the axis of the
socket 312b. Referring now to FIGS. 12A and 12B, the internal peak can alternatively be

configured as one or more radial inward projections 326. An array of projections 326 are
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about the inner surface 313". The projections 326 can
wheoospesid i cal |y configured as dinples 326 predEUSIDS050821

sem - spherical in shape and di sposed throughout the

radldl@rt%po%tf fRgethefindcheusnekess. 3hearojectibdbi2d anergpadfically
the outer surface of a pipe segnent di sposed therein.

confgrutreed' J%acﬁ )é?es ggg Eﬂ%tfé'rblgz sbAls oé 3 %éfl%j 5ok Yind Hié?(ﬁs@d throughout the

OJeCt 0 oo e su h as
. I I I .
e RS %ﬁ%@a&aeﬁ%ené&%@%w o bOSTamen

configured as one or nore. a el on . pr.oj e ons

dispased ﬂcoﬁ@p Adiedye EERTERCSOF e rﬁﬁlIIéIlY wagie@%ilg}“ % may be
project into the sockets 312a", 312b" and engage

possehi¢ suchswr foacenafle.substauialp giverler cyliagticabat nahczipthe altemaﬂve the
preferably fornmed about or to each side of a

proj@tiohe826 aim B2BnfAgaedueond drenautagiallg elohgate pofjediives pLpeot
segnent thereby providing one or nore 10 channels for

shovHALB&EhddN@ith MREPRRFacS S8l {OfroRE! B thd BEckRREKSa'0f312b° and engage
projections 326 are preferably dinmensioned so as to

ol P PRk, 00 PR By BAO T B gy o
seal a such t qu d ti
o Pt iogd 245000 PriEe b SepRERE POsROITSIER pratidingene ormore
11 G 11 F are further_ al ternate errb di ment s Ofsc}%g
Cha%ﬁhdpladthng ImpropEeseakigrnatiqn. 31he pff F AT PIG) CHenscH e preferably
318". Specifically, in FIG 11 C the inner surface
dim@EBhepsehendislsyallrobughebathe peakeor pfojectionyhrd feranel dgsolves in
radially outward fromthe surface 313" wthout the
the eRkse sSfxhapref@rddakilast thineridacintlat B8id.tighnsdal Sforhied@bout the
the inner surface 313" includes an alternating series
pqm%g,ggﬁks extending radially inward fromthe surface
% and troughs extending radially outward from the

[OOG%Er f a%ﬁm{%ﬂq{ ?n Fld%(tl 1c& %eefré ?u?t HRf ad Iefeﬁ? ex%@o%gneg{tsﬁ)?tﬂae:\%dulaﬁng

tmeen S an troug S an I gne

con f the [ e n.F i E . the
innef e abf 1 dvanng SRShadi oBES Rl Bahaft, 1 Sudhs m“%frfafface
the exterior surface of the cou Ilng 20 i ncl udes
3133 prafergblyfinglpdgsaceriened tmh%%t@wa%@ radlefiontwayd &@f%}? gurface
fromthe outer surface 311 of the coupling 300d" to
313 pmathiodetha peaksst anto dafingitlnd shanmek@ll 8t i EKndd®, the inee surface
fitting. In FIG 11 F, instead of projections 319, the

313t icdkdee 86 alérmhtig aeks oiQfeaksh@déﬂdﬁrtg 1agiaBO0gvard Bronsthe surface 3137,
i ncreased to the sane radial distance illustrated with

and HB8IR Wk dRERhAETY SRS arlforth ThdduFacd 315, withdZseries of areas 56
disposed between the peaks and troughs and aligned with the contour of the inner surface 313.
In FIG. 11E, the inner surface 313° includes the series of troughs, and the exterior surface of
the coupling 20 includes a series of projections 319 extending radially outward from the outer
surface 311 of the coupling 300d’” to provide a constant or minimum wall thickness to the
fitting. In FIG. 11F, instead of projections 319, the thickness of the wall of the fitting 300d™

is increased to the same radial distance illustrated with the outer projections 319 in FIG. 11E.
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13 is another alternative enbodi nent of a joint

w@z®enkdsys i ndi cated as joint 100" for incorpoPEL/US2V08/050821
into the system 10. The joint 100" is formed by a

[0070] ef eShedn iRk aB-i¢ ¥fthe anaeat vosmiielimeanta jphpesembly indicated
segnent 26 and another coupler, in which the coupler

e f gitabedisenehdditytd feferred
aﬂ%’% 0 %?2&%%%@&%&&%#?@ 5 20 YL RfIA00 s Bl tiyd fiforec

sockﬁh ytpglg:d ! hf" Q eggw Lis eggxq gg fa.Ré ?xgo%ﬁé%%(%plfep Mmﬁ%h@couplm

ongt PUL |on can be

rned at, an angle rel ative_to flrst )
5 protpral G P S e G AR ) BN B TRSTER G ?ﬁ? firs
pi pe segment 24’ and the second pipe segnent 26 su
pipegsgment@d’ axchihplend firing 200 aropretsrably Famed ggp anitary é‘roaﬁﬁwctlon The
fitting 200 can be configured in a manner
end Stthgt280tchabé Yorgiediat ar artge @hayive netheffirstepswghenis24 50 apfo form
the fittings 300 described above so as to 1 o include
an 1IRNQIc@an SR LerwRA MRSt FS sébaidnfD4hnd thedkombpibe b&ment 26 such as,
indicate an inproperly sealed joint assenbly. The end

for dxhin %) nQS"ZQ@’ b d&rh}%{er Bh e'Tﬁ@Eﬁ/d ﬁt‘i’ﬁg b6 SaPhe QHRLred in a manner
ate 211’ an

sur e an |nn r surtace 213 defining a

subsgaé@g %&%ﬁé EQP ar{%/gomm I}llfeasté)l aeits th (;]f tkg i tﬁ%ggg@hescﬂ;}ed above so as to
g TSR AARST ST\ 2 hou 4o ot s i

bet ween the socket 212 and the central passageway 15
asseoiblyt. HEhef dndfittipg PR0 Bedreprefepably inDludppan piget fefase bingnd an inner
pi pe segnment 26" in the socket 212 of the end fitting
surf2QQ 1pldafirimgtalseciceft? al copassdgaivaywidf tht hentse pamsagawayef the
segnment 26' in comrunication with the centra

inteRA5SIAOBMANN Of . t TR ihhérStrfRdenE 3SRERB e a sHoQRIEAbr rTkpe214 to
socket 212 and the inner surface 213 are preferably

fuxﬂ?e? Qfeﬂ%r@l%rgb@y % Q{eg‘n%{?ssmbr%cﬁ%gﬁf @BGEKet 31 ﬁ%ndQHg c&ﬁra@efs@ageway

i rcunferenti outer surface of
ond nment For, exa
o358 o f3sRicaf Q%eiﬁﬁp@amﬁiﬁﬁ seaOis B8 Pty ot é%% 212 of the
i nner_surface 213 so as to forn1a substantlall%
end gifting 30aacks fhelcontm! drsepehpeoiithg seoerd BIBBGESRHE 28 eond
pi pe segnment 26. The taper of inner surface 213 can
comgeicagommwitnly enptralpdssagewenaf the ifsttpipeaseaient 24°.
progression of a pipe segnent 26 to define a space

[0071¢t wedhe tsbekeeDID draictke inet hiefapt PES sre poefatably2®néipared keform an
shoul der 214. Alternatively, the end face of the

inte &SR 1 BRe SLATRNircAR f&Gaitial 3Sindihid0MB/RES 38 ace of the second pipe
PCT/ US2008/ 050821

segment 26. For example, the socket 212 is further defined by the preferably tapering inner
surface 213 so as to form a substantially circumferential interference fit 216 about the second
pipe segment 26. The taper of inner surface 213 can define an angled surface that limits axial
progression of a pipe segment 26 to define a space between the end face of the pipe segment

26 and the shoulder 214. Alternatively, the end face of the second pipe segment 26 can
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engage the shoul der 214 to further limt axial travel
of the second pipe segnent 26 through the end fitting
WQ1®8/086302] As in the case of the preferred fPCT/USYE8/050821
300 descri bed above, the end fitting 200 of pipe
engpe dRtbulddr 2 faubtiiekerilingt adeisraasiofahe sooed pipetagmxnt 26 through
channels to define a leak path through 5 which fluid

the &@MithS $QNveyed in the absence of an appropriate
amount” of seal ant material. Mre specifically, the

ipe end fittin f Yai |
007 e 800 S 0 LSS B S Pih 200 o1
. surfaces,of the second pipe segnent 26.thr h | ch
pipe S8 e S e S B R SRS R AR WL o
_can escape to atnosphere. The channel 218 can forma |
whichi Buid aen bripanyeyed intike ahsergefod ae aprropiigte pmgupeatweapntpaserial.
i nner surface 213 and the 10 second pi pe segnents 26.
Mord kpectfivatipethe 28 end fifting H®rpréferabbnmulnidesdt ilout avetdhanried 218 to
socket 212 such that fluid flow ng fromthe pipe

defisCORBIbSth 24er the Bulen§i@fdcBeohel sdcbhd bi#b@ sedifert 28 t@da@pP&hich a gas
to atnosphere in the absence of a fluid tight seal.

: f Qi ' a i i ot Iy, o f

or RS EORHER, e A8 2l Aokl apper Kl 219
eal ant terial not . sho sGri.be 1al

e B8 Db B G B PRIy B ERBEURGY sTpBEo s b

segnment 26 and 15 al ong the inner, surface 213 af the
SeCoBE PRASISERIIYS Zg'nT‘ happ i?c}lgtl? Eﬁ@ea%mwﬁﬂﬁg wdimhascket 212

material fills the channels 218 of the fitting 210 so
suchethatt fbigh flewanst frem éheepipa premshts 140i 26 inty thaenbEpnerld 0 camescape to

channel s 218 therefore provides the joint 200 with an
atmaspHére & the abgenopef aflimgighp eras ofie&rmothe gistylX0ens 4 Quaright

i nconplete or failed fluid-tight joint assenbly. Mre

assefPBCiok k&lck Yn tHRRSBSiAE kyeend 80, 505BR abls flgatad yane:t @fatdrA(not
previously described detection 20 techni ques, is nade

d
o B s U005 LES, el e Qi el 26 v
s B G T2 L% RS0 AR s
. h ' .
o SR SRS b L bbb 5 i o

preferred pipe end fitting 200. The fitting outer .
atmasphérac &he thanpels2h 8 thanefofe nrovides the (oipr W0eridbaryindpgtor to operating
defines a substantially tubular nenber having a
perspiired ef abjsyent 40 ge incomipiite ok faiiat Suidttiyhnjditterssedbl YN More
2008/ 086508 PCT/ US2008/ 050821
specifically, operating personnel using anyone of the previously described detection
techniques, is made immediately aware of the lack of adequate or complete absence of sealant
material in the socket 212 by the indication of fluid flowing from the channel 218 and/or the
failure of the joint 200 to maintain pressure.
[0073] Shown in FIGS. 14A and 14B are respective plan and cross-sectional views of the
preferred pipe end fitting 200. The fitting outer surface 211 of the end fitting 200 preferably

defines a substantially tubular member having a preferably larger outer diameter than the
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integrally attached first pipe segnent 24'. As
previ ously described, the inner surface 213 defines
wo bmssesket 212 of the pipe end fitting 200. TRET/US2008/050821
surface 213 preferably tapers narrowy fromthe end
1nte§r§l¢}eat2a1eﬁecpﬁrst pipe bédrhdrn 942085 previohsly sbauibe thibdert wirface 213
define a socket length U The taper of the inner

i f ferabl
defi élfﬁigoglr(gt]zgm oft 'Eﬂel'}ﬁ e M(ﬁfﬁetﬁtﬁggg%' eﬂ%ff i’n?%ésuﬁfgéékie ?t preferably tapers

nm%‘é@ﬁ‘c g‘fze“%'%%e?xl.oﬁ’éﬁ%ea‘f‘h%'@?f%@ e ?ﬁ‘ﬂ‘?‘g& T Glieflly socket length
L. Thetps duhemapmmsiaos | Arurpab i fieas lrg%éwﬁlﬂérat the

preferably defines one or nore channels 218. As seen

entrange pf the sodwt 2Thend merspnd diemgtes Did piethp Aptej & bodpnyat the socket 212a
defines the channel 218 by a pair of spaced and

proxémibs tilandhioaldey 2 bt eA@abihgly pe a¢doed! dsindeand)’Rss @2 Grabiyl smaller than
i nterconnecting 10 interior surface wall 222 extending

the fildedighetrpen. THhanehamaed 2 1318 ripergrefeablydeie@bhe/or more channels
ext ends beyond the length L' of the socket 212 to

218. dgg Qeﬁl @ﬁ@t en Heqw Iguxlf%ce m(QrE ealiRhlat pﬁ@ﬁﬁé})Qh@%‘ﬁﬁ@lhﬂ 8bya

ing the channel 218 axially beyond
f t th L
ek
t b h d f
lntergﬁﬁsrfg“gwahgzzzwg}%gn“fﬁ@mgﬁg@s@eﬂ@mg%?3§;sr%8@my

in particular with respect to the socket 212, the

beydndribe leggihflded tiRl®ckeil E éo defpreet cheaisll Jeng8f | Hegseaterghan the socket
depth or height H of the channel 218. The channe

lenghtel. ghExtéhdhgethe khding! 2 eegalysbelyondriha shouldeniv abn tivtheeerbure that
face 210 of the fitting 200 to a maxi num at the

the HARKYI d@8 rendaids paldiR aflh Mot b2dllcaat @ldle bfﬂ #d ek en@dgement

additionally be characterized by a radla dlstance R

betvxl%r ?E}%ré’?ﬁlfz%(cer@q}?é'lge@ﬁcf ég@}%égrge gggtcu&cﬂhe@ ﬁ‘ to the

erconnecti ng wa |ch t he

di al,, d f

oL i SR @F%ﬁcgkepztm g e PRt
h 218 I h f th

prerbi deBnentBe SRh0; hlehiheo! e areldi S e el pgigiedt prefraby

accordingly along the Iength of the channel. Further

deeqiens frhe a mirtisnmet itheegndtfhes 3 19t levhitiag 200 & & makiaewn gihe shoulder
define a non-planar profile such as, for exanple, a

214 wWakecaanenh 2 18lcangltérhstivaki @l addaivghlty be dardifer2008) @86b58181istance
PCT/ US2008/ 050821 [0075] A channel volune is

R’ ppéef?lggfyar%a)éux@ﬁfﬂoﬁ?%e R¥ntthaxshennel, theiedBonnebdip 4l surface 222
and in which the radial distance R’ is preferably constant. Alternatively, the interconnecting
surface 222 of the channel 218 can parallel the taper of the inner surface 213 such that the
radial distance R’ varies accordingly along the length of the channel. Further in the

alternative, the interconnecting surface can define a non-planar profile such as, for example, a

wave-form, along its axial length.
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and the channel width V. The total channel vol une of

the fitting 200 can be further defined by the nunber
w@booshsasnel s 218 radially di sposed about a soCREL/UDAS/050821

Al t hough only a single channel 218 is shown at the

[OOﬁEd f aC@aRAd) vefuntd€ phdfértbl§WeAA& byathlcHamlel leytg@f channel height H?
annels 218 may be 5 radially disposed about the

and fh%r?:giguﬁ'}el %tﬁ X&'C e 18] EHX a%hﬁﬁé 519 g0 208 CQﬁ 8Yinther defined

d k ators to t e Operatl ng pe sonnel

r t h

o SRS A TR, U B LT a5 s
chargi) 3l Shen Lot ST ALLrT 67 é' 6 o 3 BRASURLR! rendS2ls may be

Jinner surface 213 and the ﬁ egnent 26' from .
radifity dsprged dhoutithercestsal asisiAr -Ahe qh@re fittmg 200 tp progyidermultiple
the channel 10 volune is sufficiently snall so as to

indiait@k to thedgsiatiappasqoel iepgrdofe the adanbcynafitbe seal ini the jde 200 as
channel 218 proxi mate the pipe el ement di sposed wthin

deschlBgd sRRketrne Rannk O fhe B &)ﬁmﬁgé‘ﬂ%%uffkt&tly MrbOough provide a

di mensi ons of the channel e, its depth H and

demf@d%aﬁ'( pa}%soa{&elo%gé%’_&%k df?t% reﬂcer ﬁ'ﬂ%\%@{? atﬁ@ H%n@ﬁurﬁ'c@ 13 and the

S1 zes.
. Schedul ht .an Mﬁdth at t
plpersa%f@elﬁf%ogmm%%@f%ﬁ [VRIFSP et b o BBl BF sfiihel
can vary with the size of pipe segnent tqQ be inserted
volumedp spfficienidy smpld Bhat avpﬁiélqdpqqaib}@)ogilgg ehsfaket material in the
configured as a reducer in which the socket 212 has
charswh? 18eprokimmeg thd ipipee @nerDdisposedy vaithdi thersotkn 21 as
conpared to the central passageway di aneter of the
[0078] pe Pegrmbly, & vatibusdithensidns cfaptianacl @18 si.ayith depty H’ and width
si zed pi pe segnent. Mreover, the socket 212 can be

W &€ %hﬁéﬂi 8derf Ofang E6EIRLng 6)11%‘51?&‘3 apheUetR 12 QRY @t widie W’ can
socket -type connection 20 of the socket 212 to a

follo\z!/1 Lhe%gﬁe%'uE%/ (ﬁ%e% 55?(? 1 TaRle8r g?t AAHIES 26109 r gﬁt@fr{aﬁgely, the

annel I Nensi ons,

ri bed above, nom na e_se
chargeShaRearon] Gy bk 3 ﬁ\ﬁalwgﬁeﬁ& b%éf&%m%?ﬁm%w
CHANNEL MAXI MUM CHANNEL = PI PE SI ZE DI A DA D2
AccoEigtH the TIRARI2LES caHanpEli swadpsi avpducen wwhnme@mkemu has
0.75 1.058 1.046 0.719 0.567 0.038 0.076 1 1.325
smaller3afer@iB8iiSe0) 10D’ D ddkhs®n®88compared to the central passageway diameter

of the pipe segment 24’ in order to couple a dissimilarly sized pipe segment. Moreover, the
socket 212 can be configured for receipt of an adapter to convert the socket-type connection
of the socket 212 to a threaded-type connection. Table 2 provides a preferred schedule of

socket and channel dimensions, as described above, for a given nominal pipe segment

diameter.
[0077] Table 2
NOMINAL CHANNEL MAXIMUM
FIRST SECOND MINIMUM CHANNEL
PIPE SIZE , N , RADIUS CHANNEL ,
IN) DIA. D1 DIA. D2 LENGTH L R HEIGHT H WIDTH W
0.75 1.058 1.046 0.719 0.567 0.038 0.076
1 1.325 1.310 0.875 0.707 0.044 0.088
1.25 1.670 1.655 0.938 0.882 0.047 0.094
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1.25 1.670 1.655 0.938 0.882 0.047 0.094 -36 WO
2008/ 086508 PCT/ US2008/ 050821 1.5 1.912 1.894 1.375

wa 20888630067 0.134 2 2.387 2.369 1.500 1.267 OrOWBS2008/050821
0.146 2.5 2.889 2.868 1.750 1.537 0.092 0.184 3
3.55167]31492 [1. 885 1./858.305100 01209 | 007847 Agai nQ.134he
fepaturnes3gf |t he3euter arddoi nner 1867 f aces0973l, P130.¥4%d
ehannel 2.248,| i aébdidijng 1t7h8 si dewaBl s 2200894 t he 0.184
i &it er cobptti ng48ur flacd.8752 of é8E8fitti BIOP00I cahlie
alternatively configured in any manner as descri bed
above with respect to the outer and inner 5 surfaces

[0078L1, 3L3in, BRdeshRnbLihe Ihr ahdBinticiun@cés i 152 Hemal dhanid2018,
and i nterconnecting surface 322 of the fitting 300.

inch@h?%){hg 'sﬂ@léz)ﬂls if@an%i' tﬁ@ﬂ@érh&n%&%@u@fa@@@ﬁe@f @B tlind 200 can be

ne a channel dth W and are further preferably
t
alter&a veeﬁyﬁ(gqni 8{ é?)? Iﬁl(églgeﬁ‘ agﬁ 1%&1 %1%1 vrg eV\z h@@%’&k ® t%ggut&aa&d inner

Xl

BB Bieect 08,4 be chony ,smfeﬁv@uﬁzf%%fd et
i nner_connecting surface i o 222 is shown

322 efithstiuiing 300, yAgsoediagly. thesidewallssd?Orage gpa@@chapjxét to define a channel

substantially radiused or preferably concave with
widthéEpaet art durthee piefirebly snbstentin e vediazin élovwayer, thebsideovedls 120 can
the corners or bends transitioning surfaces in the

alterah@ielcfAtBnGaplebnsubsdcant thabtiy XavBUK BV B aieah@whe oiannel 218
alternatively the corners or bends can be radi used.

T, h
s0 as oS a%y %lﬂth‘é‘@é’q}ggkﬁ%ﬁhaﬁﬁﬁ g o@@ﬂﬁ& ﬁa%htofrl Tat ¥r§1€f‘@1§rﬁ1¥&1n§é surface

vary a ong t engt h t he channel
222 fiPuay SRS Pt Fudhe 06 013 4 0l i

The resultant narro g chan reate a
prefa GoRCRE B BB PO TFREOF §w st A1 oVipe Y eisfgmers or
218 with sone appreciable velocity. Shown in FIG 15,
bendsgraapitighing swetess éhde shanmel 2 1% Gandpeznbstantiglly @pgwsr asihown or
channel 218 is preferably configured to be | ocated at
alterhlévely theicoatersomdlendsoanpeiradiused. Thhehasskbwhltly W'G@h be constant or
where a fluid, and particularly a liquid can

alterBEEHI B @lon %hﬁ‘e shanaetz2 18 120 oe ée chiwleUdes. alngfa@iftular, the channel

transition 2I7 to forma reservoir for collection of

widfl W ﬁ%P ?%gr gér%\gl Jéxp 9%%11d Eachi Il td t@@ s@&@cﬁe@ r2rl @ d Th@fe@ﬁltam

asse escr ove, pre era y I ncl

narrowing channel 218 can create a venturi effect so as to eject any fluid in the channel 218
with some appreciable velocity. Shown in FIG. 15, is an alternate end pipe fitting 200" in
which the channel 218 is preferably configured to be located at the gravitational low point in
the assembly 100 where a fluid, and particularly a liquid can accumulate. The channel 218
can include a step transition 217 to form a reservoir for collection of discharged fluid.

[0079] Each of the preferred joint assemblies described above, preferably include a
coupler having a channel configured along the inner surface of a socket to form a leak path, in
cooperation with a pipe segment, in order to provide operating personnel with an indication of

an improperly sealed joint. It should be understood that the same effective leak path can be
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coupl er having a channel configured along the inner
surface of a socket to forma leak path, in

W@ ompesaEds on wWith a pipe segnent, in order to PCDUSIHES/050821
operating personnel with an indication of an

providearseithing s@ah@] phH the dutershometbfhaubuigerst membtihakh as for
the sane effective | eak path can be 37 WO 2008/ 086508

exargﬁg / %ﬁ?g 08/ ?%Jcoo r&deqf?l% s ufu%rr ghl@&e%f %Q@&&?Bf @b ?@ Gitting or

er surtface of a tubular wal nber such

e R r
end ﬁﬁ gg)i* 8>fan§3 g shéwg F fG I%A i§ ﬂ}eo ?*n"f“;l]g(slo %n"wvhf&gtt% cihtaﬁﬁeg .41 8 is
Far ovvnlnFIG 16 is the joint 100" i
formgiop By MY eﬂsﬁfﬂgg alppg theoutqr Sprace ca”ﬁge aljsef: a?arvnég%% ‘@Pném
along the outer surface of the pipe segnment 426, 426.
specifinally the pealliof iteatipy seenteat 42, K26 s qoptoupsidpdongeignefier suriace to
426 is contoured along its outer surface to define
defiidhihe chamakiload @portian pbtheiomter olirfidee f ot @pe sagnfeac2H#26. Where
the pipe segnent 424, 426. \Were the preferred
the ﬁbﬁﬂ’@@ khahh8l 218 it @ b@lnb&@@famrlﬁtﬂ%jplb@ sddheenPhiREmeRAFeA ically

nor e speC|f|caIIy al ong the outer surface of the

along 'tl%o&t&%uﬁg@éthe g{%&g/ﬂ% B g lég@/opﬁllr&lm1 af 9& ﬁﬁgxeﬂ th the pipe

extrusi or formng process e ¢ch anne

extrlbse)?x{ ? oﬁﬁrﬁ%x%&k%ceg%g xS 131’1%6? ﬂ} ﬁgreg %‘c&ncﬁ] fgéxpl%ln ax1a11y internal
Al
portOmBH B 19 GRDB B, ggléeﬁtgrq%ﬁg?ltyﬁﬁgcﬂq%tg%n@ ngerhgnae

di sposed entirely in the outer dianeter surface of
axiafy pevat@d of the pépe §nddB8G] soThat theaetianne 4d 8nd digrasad pefislyon the outer
the channel described with respect to the preferred
dianfetdrtsirfge @Q@padtd, p2oe end fitting 200 are above is
substantially equally applicable to a channel 15 418

[()()Sfﬂgr MedhLeRatid\e ceHtifiragitsfAeR Qhnidl@cRiiBed SREFRREctAS the preferred
6. Accordingly, the channel 418 of the pipe segment

ﬁttirfg@@()? %ﬁg Bi&@ e\éﬂ)i( gittr%&ghﬁotgaﬁé a@ alg %lék% igll gﬁ&?gl F)}Zl\l/\(/}a%') ¢ to a channel
MAdth di IO in T

418 5pa0 pein Oy et EreE et B OB A e Aeray %‘?%]fhc channel 418
axially |inear or alternatlvely rogr ess, aX|aII%

of theipiRaieRBICR A HRAr KN vidthdipashy andfpr ppg ity jpngthe Tor example, the
helical channel 418 of FIG 17. Further in the 20

charakel €8nanifoldow e ssholmte ¢idepth@ndvgBth dinengpramindlable1lg. iMoreover,
configured as a radially extending through hole

the d@eiE] AQS cim bhabs@hilialBf axidlle 1jpiepeoradgmatively Progress axially and
conmuni cation with the socket 112 and the centra

circ RARSRGEMRYAs Rho Wi BorRk R8pR EMNBA helical channel 418 of FIG. 17. Further in the
alternative, as shown in FIG. 16B, the channel 418 is configured as a radially extending
through hole opening in the wall of the pipe segment in communication with the socket 112
and the central passageway of the pipe segment.

[0081] The variable configurations of the channel 418 can be formed and disposed about

the outer surface of the pipe segment 26’ for insertion in a socket-type pipe end fitting having

a circumferentially and substantially continuous inner surface 213 in order to form the desired
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[0081] The variable configurations of the channel 418
can be fornmed and di sposed about the outer surface of
w0 bh@spsqses segnent 26' for insertion in a sSockePCT/YRm08/050821
pipe end fitting having 25 a circunferentially and
leak$4bS tFRAGSI 86 Yind 061D | shuaistetnaties esbodiments 21 Breijoino? @leandt the
ormthe desired -38 WO 2008/ 086508 PCT/ US2008/ 050821
charln@fkigath. FIGS. 16C and 16D, show alternative
enbodi nents of the joint 200 and the channel 218.

il e ST S T T
e S DO B0y BB R B

preferred hydraulic_and pneumatic tests are configured
hydraglic prefasmanerateingevidee paeiereshiy dspulisiingd ppewngtis) tpghnsgonfigured to
performance features of a fitting 300: (i) the tine
detetmoint vk bvavae ot oronomwfthafoploeiie mrivimentede@ssapfa fting 300: (i) the
fluid fromthe test assenbly; (ii) tinme for
timeBifil aVddunntofSAReddidrathddressutea fiuid frpmtthetenumbaiblof (ii) time
cycl es over which the fitting is cycled between a |ow
for ARy BARERMIE TG W ghiRe Y HEPORRSHLE, L i s cvcled
betvxge\éallg h‘(%tv eléé) léi(%l%rrfl(:esﬁsé.(re;a Tx%gg\@?ﬁe!s?llgrgt fr%:s%ﬂr{g?)gtﬁegaslgés%%lk’s Fht Pesults of
preferred test assenbly for evaluating.a preferred ..
the g8 prehe useipewhiGer Yerify e bew&gf @@éﬁ@%{%  USerHLE HPTR
six inches in length, is inserted in an input socket
coumdér.a fitting 300, shown as a coupling. Disposed about
the opposite end of the first pipe 15 segnent 24' is
[0083h endhoap imFIGh Sain aiprgfatrechdsipisgam 28 forevalphigg apafeared coupler.
flow control device 29' to a conpressed air source

Onefe@l of Agst pRRWBBhER 2UEShdab@idx eichésOdilchod, iyVab&tedSAUR GEut
for the hydraulic testing. At the discharge end of

sockel&F &RMB% iéiﬁg, HBQmias a%P@plE%?)}ﬂ%&cﬁe@?&%? theldpRbsifdi P8 of the first pipe

segnent al so prefer asuring six inches in
| engt h. The.opposite.end of the.second.test pi . )
seona i b v PR IRh f aFEaCle 2P RPRY ! Pt loBfghitvice 207 o
seal at the end of the second test. pi pe 20 segnent .
comprSsed piORESON thE PPFHIRSSICTRE AR A UaPISAT Vi Sodisg b hydraulic
24", 26" and all the end caps 28, 30' cunulatively
testidgf Ahthetdiwhargs end of thasonplivz 30Rés erpstodisil . seound tesé pipe segment 267
assenbly includes a port coupled to a pressure gauge
also Piéferfably meusiuting sikdngheesdungh chhnggssitaeide thesdcond test pipe
assenbly over the
segment 26’ is an end cap 30’ forming a fluid-tight seal at the end of the second test pipe
segment 26°. The test fitting 300, all the test pipe segments 24°, 26’ and all the end caps 28°,
30’ cumulatively define the test volume V of the assembly. The test assembly includes a port
coupled to a pressure gauge 31’ for monitoring pressure changes in the test assembly over the
course of the pneumatic and hydraulic tests. The pressure gauge 31’ is shown as being

connected to the end cap 31°. The pressure gauge 31° can be installed elsewhere along the

test assembly provided the gauge can evaluate pressure changes throughout the system. The
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course of the pneumatic and hydraulic tests. The
pressure gauge 31' is shown as being connected to the
werasos3081l' . The pressure gauge 31' can be i nBCHUS®AS/050821
el sewhere along the 25 test assenbly provided the
test gaugblycdF16vaisshb en foresalimeoc bbngepling 80Ugind tier¢the only two test
system The -39 WO 2008/086508 PCT/ US2008/ 050821

pipek 8&tshawa e Wilkere B t&d Gretirfy 309 b @wie fhah teY dddkaisi 08 t&f aRembly can
coupling 300, and therefore only two test plpes are

be p?‘(pv(? tV\SA\L/}\r‘;? @rrésggn&n? Bur% to'f'ﬂs@t ﬁBg é‘gg? enf®@r e than two

socC A st a f y can ovided with a .

. T

e RSO efp%sn% CabaRE PR B VS
a 5 hydraulic leak test; (il afirs

hydrrerykzﬁ ]Sél’é gﬁsr ém@ @é@%&wérqsegt: pressuys test: §iwe 6ﬁ%F0H9 ar plati¢ eressure test;
pressure test; (v) a hydraulic burst test; and (vi) a

(v) alypeiraniciborst y—:et, end 66} a hyshrderc eabtiessf Under cpinb gfficipoeanatic and
hydraulic leak test, the ends of the test pipe

hydraelgnealt ss@the ¢2ds of fmattesapipe cegpats 24/eRy tharses teepbctively dnserted
the sockets of the fitting 300" are each press fit

into Y Bckd@oSOE K@ty W0t BRWaclap¥s@Rihioc@t ‘s&&kets%ﬁ@uﬁ@@l #plication
so as to formthe dry fit in order to evaluate the

ofa g&?ﬁﬂ'{? % Efsé ﬂ? rt]}gendrk W ﬁrF@IdQIr Tlo ﬁlﬁ?te:h? éﬂgﬂﬁé} RYR la¥ (aix? ﬁéi cengr of an

euna npresse

ntr uce 0.1 he te enbl hro

PR e o BB trienepiras WE?‘“’%FS@&%“%U & Sﬁ%roéégf‘edumto the
to 10 psi. The tine for_the conplete evacuation of

test psemblyripioash &g iapyt eflri 6% 1 eandHhp HPUEPBIRTS 1§ InGeaspdiigl 0 psi- The
Under the hydraulic |eak test, water is introduced

timei fnt the cheplegstvagsasontsif yhet donguesed fie frompthe clmdelsGap ip8torded.
and the input pressure is increased to 10 psi. The

Undti e hf @aulihRale aap hetee iewatdiakt oo dfe @& dshenttwipsehsielinput end
hydraulic fluid fromthe channels 318 is recorded.

cap Iﬁﬁpoﬁﬁﬂ th§5‘rﬁﬁ@%ﬁ$§§ﬁé ié’m@}e&%@@k@m %ﬁatfﬁé tifdle: forpﬂh@fc&'hﬁfélteyevacuatmn of

Bl azemast er Cenent TFP-50 is applied to each

the C%gnﬁ)e Sed atﬁfcﬁ@g ﬁ‘%)g’lstglﬁ Qf'xz&%e %9 g?sgx%é?rﬁd'd , 26" and the

rsurface e soc et e fitting 300

or recon tltute he ch | s 318
[OOS%E ép@qegu%]gl, as malgria ggeéﬁrﬁwrﬁa%m%@r ?%q/tqqgement TFP-500,
) %draullc static, ¥cle and burst pressure tests. |n
is apphed fo qash obthelepds afiihe éeskpiag peg w36’ ead the ippgs surface 313 of
seal ed test assenbly is pressurized to the preferred
the sackdts otthe fittewsifOgo deforher teststitite tthanghanadiodit 8§ didbcopyiletely seal
and the pressure gauge 31' is observed to see that the
the tt@SkseabsefP uye Bahe hpdraulidBaticesiclPaRBIs s Ore&enste. Thalie first

at least five mnutes. In the second
hydraulic static pressure test, the sealed test assembly is pressurized to the preferred working
pressure of the test fitting, about 175 psi and the pressure gauge 31 is observed to see that the
test assembly can hold the test pressure constant for at least five minutes. In the second
hydrostatic pressure test, the sealed test assembly is pressurized to about 875 psi, and the

pressure gauge 31° is observed to see that the sealed test assembly can hold the test pressure

constant for at least five minutes. In the cycle test, water is controlled in and out of the fluid

-40-



10

hydrostatic pressure test, the sealed test assenbly is
pressuri zed to about 875 psi, and the pressure gauge

w@1008/08650ser ved to see that the seal ed test aRCEDRI098/050821
can hold the test pressure 25 constant for at | east

assefnb%etonty Bl ttRSprebsrd ﬁQh@é[s%Elﬁblg@ﬁéfera Whwedh 400t 0 pdilagd about 350
|n and out ? the fluid WO 2008/ 086508

psi. t Hic ;%é%%g %pr . é\ﬁi@ﬁ@@ﬁ@’ e\e&ufe)éculnﬁl 1R aMESEHO ¢ &ﬁles or until

en about pS| and a

ressure is cy bet
foy QR Pasembl ) TRt %}enén%%“%fcﬁi%%fma?e“ﬁﬁtbw pressure
failure of the assenbly. The water pressure is then
and jogatiraefdfailyts ythedssiaté™bhe burst pressure and
| ocation of failure in the test assenbly. 5 [00861 The
[008&bov e THe sbaviehisacribed testamsere cerhigiedtiona Fatetnolehaneglyp 1 §profiles
channel 318 profiles defined by the height H and
defindddiynth¥\height Heand hadth eV oB i chviaere] AEmsheenheadurdd tlenshd face 310
face 310 of the fitting 300 as shown for exanple, in

of tlﬁlffﬁmé?@O A shb®BTér J}daiﬂh%les APICe 4Bl tA1 1888 Ve ESnIe Fikds were tested
for each channel profile. Table 3a sunmarizes the

for eagl’? %a‘ﬁf\el ei)ltillge TBHI%%%E&&&&&I 0 gesu]-lt_gﬁf tglﬁg%)ﬁ:énatnlc rtr%stmg. The table

the pressure at

respm%gho%mé exQﬁaﬁ?ﬁfﬁfwé%o%aéwgéiquféé%%ﬁ%ﬁ%&gbﬁhe

"Dry Fit" Time to Evacuation of Pneumatic Pressure
assemfible to Ful | Evacuation of 10 psi of Air (sec.) No. of
Channel Channel Assenbly Avg. Channels Depth - Wdth
- Area Volune - Sanp. Sanp. Sanp. Sanp. Sanp. Tinme - H
(in.) W(in.) (sq.-in.) V (cu-in.) No. 1 No. 2 No. 3
No. 4 No. 5 (sec.) 1 0.060 0.060 0.0036 12.02 1.00
0.69 0.78 0.81 0.65 0.79 1 0.015 0.100 0.0015 12.02
2.44 2.47 2.41 2.94 2.25 2.50 1 0.025 0.060 0.0015
12.02 1.88 2.15 2.06 2.10 2.22 2.08 2 0.025 0.030
0.0015 12.02 1.22 0.82 1.34 1.25 1.25 1.18 3 0.025
0.020 0.0015 12.02 0.50 0.65 0.94 0.81 0.78 0.74
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1 0.050 0.025 0.0013 12.02 2.28 2.25 2.10 2.15 2.03

2.16 1 0.035 0.035 0.0012 12.02 2.56 2.31 2.50 2.68
w@2008/0854® 1 0.015 0.080 0.0012 12.02 2. 56 2.HaI/BSH48/050821

2.44 2.75 2.53 1 0.015 0.060 0.0009 12.02 2.09 2.75

0083 59 TabR 32 20D BR” TimP tO B2 &1a9d0 of PRCRRafid PRessoréd0
0. 0009 12.02
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A7 %0584 508k 4.Be0131 G2.0P5 §2§602050003012208 4266 216
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cthanmed2s t heossaver@ge pnessur gsat g4 ch 3spnaéraat ue2  3.63
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P 1.0.m5 g Poef ercadmlog a1d eak B880deBested.sat B.25si §.86r 3.14

1 ess dovem theeschantoeb | m2.0he $.84t ad8enidlsg. Bébecti2dbn 4.33

of ademak at.1@ preesware1nb2 1 psrg 0651 essiSi n 3tdhe RS§t 2.79

assemi3p | so.be | ev@ds5t o12.0anshate tO00 edrfoy 128 103 125

i denta.g1scat 0.035 of0.@b0beak2.0h a1ball | 2pBpi rkgi3sydtsém 2.09  1.92

havi rgpopot emobdoal [o/o4l ange2 nuaber 672 o4 dss$enBloPesd.08
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pneuredlisc evozrsuatd.@o4ti nep2it4.10s pref erddd wlddt 6136 4.85
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approximately 3.5 seconds or less. It is believed that
such a preferred evacuation time will facilitate |eak

[OOS@ﬁt eCl LR dtd} 18 (RddummApi 'tzﬂﬁ’ess Yo?ttl?en%ﬁ%ﬁ b@rﬁig%[raltﬁbns wh@fa@nel, the
e method of detecting a | eak enploys a single

avergy [ es%ysu? anne?n 3 Exllelﬁ' i ﬁ@aﬁ%yﬁge%@ &ggecf ?&q'alb ut (?9t5§1g to about

cou rans ate

dr a esponse
1.7 psig refjerabfy a l%ak ISS detaetctedr;it 1 psig or less from the channel in the test assembly.

Detection of a leak at a pressure of 1 psig or less in the test assembly is believed to translate to
early identification of a leak in a full piping system having potentially a large number of joint
assemblies and hundreds of feet of pipe run. With regard to the pneumatic evacuation time, it
is preferred that the test assembly and more specifically the channel of the coupler evacuate
the test pressure of 10 psig in approximately 3.5 seconds or less. It is believed that such a
preferred evacuation time will facilitate leak detection in a full piping system particularly
where the method of detecting a leak employs a single pressure gauge. Fluid pressure which

readily leaks from a channel formed in a coupler can translate to a dramatic response at the

4D.
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-42 WD 2008/ 086508 PCT/ US2008/ 050821 pressure gauge
whi ch can be nore easily identified by operating
w@erososises as a | eak requiring a sealing repaPCT/US2008/050821
[0089] Tables 3b sumarize the results of the
pres§it€l Eael whitiesdn trgnorthesityaibmeifkddwsopbtaging persente aia feekl requiring
to exhaust 10 psi fromthe assembly. 5 [0090] Table 3b
ase%mgl?éé’alf't" Time to Evacuation of 10 psi of Hydraulic
ssure Time to Full Evacuation of 10 psi of Water

OOSkiggn,)g 319];ux§r§1%ehtﬁ gé Bf t?g m&&‘h% t%gtmg) \"@elf%gde Is}}]ovgs the

sec) 0. 060 0.060
Uﬁwdaaeﬁétiéﬂ@@“ﬂQ§fl¥°@§h%a%ﬁm§b%3 1. 43 2 9 1 0.015
0.100 0.0015 12.02 7.85 8.28 9.18 8.66 9.00 8.6 1
[0099] 025 Tabtecth 0 “Dav Eit? Time te Eyacuatiopnfd 0gsi of Hdraugie Pyessure
2 0.025 0.030 0.0015 12.02 2.10 2.53 2.41 2.10 2,53

2.3 3 0.025 0 020 0.0015 12. OZTlﬂbet53¢|livaaﬂuoﬂ-of%]psz:bﬁvmusec.)

1. 44 1 4 I1 2 050 0.025 0,13 T7.02 7.97 8.00 8. 10 v
N079f1|8 BeOEE ' 058072 200257709 E 25 Samp.  Time
Channglp 81@7 8\50\ 8.1 ™ 0. w&eno o%¥0" 0. vi2 19%2 05 (seq)

3,.[—5

I 5] pTHEOS'iﬁN864n1éDE'“f5%V 53830 o507 S£83C 143 29

b o2 200 GO0, 50015 o7 jog 785 “B 28 TusT UGBy 900 86

Tnﬁﬁ&*déﬁuﬁﬁu(lﬁ 52 fb(mé o 139219 %t D g20s B8 O He . 705 76

0 015 4P2800D-0%9 0P 0PI, 1293 7 S 5 6834 ?2641,; 02 9 253 23

03 025 4P2625 W2600@-903502 12.041 olaD 1035 d-Hg ol by old4 14

11 0. 0050, 10028, 0¥ 132, (12.08, 707-% 40890, 188 50/-P 6781 78

813 D.@5033.@5013.@100053202. 027.69 2288515 7$51 8804 850 81

3106 3.0E5 1 008015 O35 020205 4.28 0253484 631400 BOA1 6.12 6.0

2181 3048 3.0%0601 h.a05 0.1080 0.806M4 82502 6215 7962 7.19 6.4

ID.00 o280 &af8 8.00009 1202 10.00 869 891 825 860 8.9

1 0.035 0.025  0.0009 12.02 8.62 9.57 803 1000 956 92

0.050 0.015  0.0008 12.02 7.81 5.72 7.90 6.93 6.08 89

0.025 0.025 0.0006 12.02 7.31 932 1025 969 984 93

0.005 0.100  0.0005 12.02 5.70 940 1012 6.50 966 83

0.035 0.015 0.0005 12.02 3.22 3.15 3.91 3.94 3.06 35

0.015 0.035  0.0005 12.02 3.84 3.00 3.41 2.81 347 33

0.005 0.080 0.0004 12.02 8.15 762 1000 8.90 850 86

0.025 0.015  0.0004 12.02 7.81 5.41 5.68 8.34 597 66

0.015 0.025 0.0004 12.02 1238 1778 6.81 1172 1219 122

0.005 0.060 0.0003 12.02 8.53 7.00 6.63 1597 1032 9.7

—f ok | A} e} ] A ] A A e

0.015 0.015  0.0002 12.02 409 1619 8.47 9.43 8.91 9.4

[0091] With regard to the pneumatic evacuation time, it is preferred that the test
assembly and more specifically the channel of the coupler evacuate the test pressure of 10
psig in under 10 seconds. It is believed that such a preferred evacuation time will facilitate
leak detection in a full piping system particularly where the method of hydraulic leak
detection employs a single pressure gauge. Fluid pressure which readily leaks from a channel
formed in the coupler can translate to a dramatic response at the pressure gauge which can be

more easily identified by operating personnel as a leak requiring a sealing repair.
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1 0.025 0.015 0.0004 12.02 7.81 5.41 5.68 8.34 5.97
6.6 1 0.015 0.025 0.0004 12.02 12.38 17.78 6.81 11.72
w(a2008086588 2 1 0.005 0.060 0.0003 12.02 8.53 7rODUS2088050821
15.97 10.32 9.7 1 0.015 0.015 0.0002 12.02 4.09 16.19
[0098] 47 SufhaBiz&dinOTables[4009d kd Wd y diadiarnekt irowhiek the test assembly was
pneumati c evacuation tinme, it is preferred that the

sealéc?a%tou?t?h% eoRhY: @itk BRIEnaReS EPealiry-J0vecGhannBhchf thdi@amples

coupl er evacuate the test pressure of 10 psig in

was éngaerrrnc A t% f%) n%re %qec#f Ral :f{)reeia%ﬂ ﬁ%ﬁﬁ %’%ﬁ@ tﬁ‘elp SEEERLel

acua e w acl et ec Ion In

Fg}{a%{lg{alﬁ». LY eyt SR b R e S vas

gauge. Fluid pressure which readil Y | eaks froma
cycledbgiween zere pa thre¢ehundeeddiiin(0et> 08 AR tE%rﬂ?sqféheeseﬁlédéampleS was
dramati c response at the pressure gauge which can be
thenmbjectedsi hydrawdertestinge dnibyllyo per atdmigy pers poasaeizedso 475 psi and was
| eak requiring a sealing repair. -43 WO 2008/ 086508

obsdréell ISBROOBAARES 2he QAN wakthiFa hiraadized (o &1 §s add olweted for
4d are hydraulic test in which the test assenbly was

five %‘Eﬁut@g ARAL of {R@ s&ﬁﬁl@é,%e Asi gy @h&%@fﬁ?} R416 fRe s@ﬁ%%ressure over

00 Cenent. Eac the sanples was dynam cally

d. M ificall f
e R BB, ﬁ e T

%id es i.ch the hydraulic pressure
Table ey Bealed Gycle Jest Berformance 1yyngred fifty
(0-350) PSI Each of thp seal ed samples was _then

subj ected to hydraulic testing. FRMRAPFISLIPRE S Mo

assenbl ressurized to 175 psi and \/\%fg observed A
_Nbor thjé:e‘ ?,{),jjf“és e 4SEEIDI ypawms ehen pressmiezedmoo
hagrels ps—lonand vquaserﬂ?‘éd’foxr(cu i) veN°n’i nuf‘%% INﬁ *eadh of Np-Re cycles

,.f‘!t“cjfﬁ)ﬁ “'ﬁ 086‘“’6' ﬂm?‘ﬁz‘o?”'s‘dbéy éb;‘g)b“ '3b'é‘6 °‘3,6‘56' C3056 3056
0. ' 035, | '1}2,9 Cf\;so 6 $’d1‘),6m' :3396““’3(566”' %oos 3006

ﬂnnqq@ 0?§h| 8.0¢ O%Iaél od269cl QO%N 3Q§§rf 3 56 3056

Pydr a@i0R8 TALRO Fr&PA16. 356.0Bs) 30RF 3Q80c| S840 REPO n?OOO 3000

Ghann&1026haffed 4 e0d5As <8P8l y 38A%m . 3088 308 nR000SA AP0 3000

Sanp. 0A%G. DEBS h 0.00ABdt H2-02V0ol33M -3, 3212 3212 3212 3212

1 0.035 0.035 0.0012 12.02 3006 3006 3006 3006 3006 3006

0.015 0.060 0.0009 12.02 3004 3004 3004 3004 3004 3004

0.025 0.035 0.0009 12,02 3104 3104 3104 3104 3104 3104

0.025 0.025 0.0006 12.02 3004 3004 3004 3004 3004 3004

0.005 0.100 0.0005 12.02 3212 3212 3212 3212 3212 3212

UL W L N NP R QNI N RS- N

0.015 0.015 00002 1202 3104 3104 3104 3104 3104 3104
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Channels H (in.) W(in.) (sq.-in.) V (cu-in.) No. 1
No. 2 No. 3 No. 4 No. 5 Cycles 1 0.060 0.060 0.0036

W@ 20088863066 3056 3056 3056 3056 3056 1 0.015 BC1/082008/050821
0. 0015 12.02 3006 3006 3006 3006 3006 3006 1 0.025

[0094] 060 TAbROAD- $2a10PBEBA P rénte ROBAIFOPHIB056 3056 2
0.02570. 030 0. 0015 12.02 3000 3000 3000 3000 3000 3000

3002507020 00015 127023000 3000 3000 3000 3000
3000 1 0.050 0.025 0.0013 12—62—321§L§g§§~%§¥2—3212——-Ag
82kd GhaBei035 Q. 03600012 12. 92 300§,.3006,,30 s
25856 3000 ge; h? g@l@MWWQGO%éZOOdgﬁiz B%a004530007 B
B4 3004’ 3004 1767325 0.035 0.0009 12.02 3104 Gsi9
3104 314 33080 31Ddb381042. 01 0.188> 014985 94490064802, 080 1474
30043004 3gUdo SUIFh15004 28904 1430 U. 143 V44490 Y51900%10 1494

P W WY o5.0.4

320203282 3887 3PdeAn o242 03214537 121506 V10> 950151480 1506

25 06030 A8 9509 ShHh S0 ST T80 ~ #810"0is00 1508
A P 152¢i””“21150'°“1’ho 4530 1540 1504

0g ]

i ' O] Zg'g;ﬁ%flﬁﬁ L0 5 4500 4R 1A40 1476
tea QOBhTe . 035, G2 SdRh2 oHARD  Ship 1 510 1468
¢hannéI045H P0R0) GQU0Pn Y1203q -TAAD ) 1A%y, 1500 ) 1R1Q 1620 1498
No. 20185 30/85 4.0099 5 1P0@ss.150q psi4§) 1459 QAEBO0. HHE 1484
0. 0036.022. 02.025000.00990 1240 14380 1468 147400 11400015475 1454
0. 100 0@06015.142. GRocb480 12480 1490 1H5D0 134%D 14480 1490 1390

9. 025 o®196000490100chb2. 02215520 13200 14980 31530 1430 1506 1498
= 000015 1202 I500 I520 I500 I510 I500
X ﬁgbﬂg%@aﬁa%iS 0.020 0.0015 12.02 1520 1450 1480 1530

20 308 R 0 0RR QIR AR P TR ASRG 0e03

1500 1510 1510 1468
psi range on average for 3,000 cycles or more. With regard to the burst and failure point test,

each of the assemblies failed on an average from about 1400 psig to about 1500 psig Notably,
the assembly splits at the pipe and not the coupler. Accordingly, the sealed performance tests
demonstrate that for the channel configurations listed, a coupler having such an included
channel can be sealed, performs successfully and does not have reduced performance as
compared to coupler without a channel. As a matter of comparison, samples of standard
nominal one inch couplings (no channel) were subject to similar sealed performance tests and
the standard couplings were shown to have an average cycle count of 3,118 cycles over the 0-
350 psi pressure range. The test assemblies using the standard fittings were also shown to
have an average burst pressure of about 1480 psig with the assembly splitting at the pipe and
not the coupling.

[0096] To further demonstrate that the inclusion of a channel in a coupler does not
degrade performance, an alternate sealant material was utilized in the test assembly. Three

channel configurations were tested in the pneumatic and hydraulic tests described above. For
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1 0.015 0.060 0.0009 12.02 1470 1490 1500 1510 1520

1498 1 0.025 0.035 0.0009 12.02 1500 1480 1450 1480
wa2md/odesest 1 0. 025 0.025 0.0006 12.02 1440 X HGDOS4$050821

1475 1454 1 0.005 0.100 0.0005 12.02 1500 1000 1480

the sk4138 pdA8Pnahd@est, Ihelhs@eh®h1 P idkkhle a08AZhelebuPRer 1dinD ad 486Xy,
1500 1510 1520 1498 X - No data avail abl e [ 0095] Each

r nbl I
peighn oSEpLASL AR bR et st o

C Wth regard to.t but s failure

Isla o%ﬁsu{tse%fitg? §t ul PRl il SfBS s AQfLA .
average from about 1400 r to b 1500

009%bt n Hable s 2Dgy, i D6 Fabnifiag R Pedh
coupler. Accordinaglyv the sealed Derfornnnre tests
denonstrate that for the channemmecmﬂfvawﬂator@msofAlr(sec)

Not 4 St @ebnneBl COBERRIET  PAVi MGsedbCh an | N ed,ch el n Avg.

C“H@ segb iFforﬁamsu AjffulIm?%ngiﬁgeaﬁﬁbtﬁﬁgveigg Time -

mared . to r‘nunl e wi-t-hout (sec.)

! 2oari 985 S44p! gzz 0088 081 0.76
zlf anrQaQ% 100 Q% n(;|901l§hﬂ ??nQQ nn|1r97| n-5 a l C-Ran .n-- \1 72 1.85
wer e 0&%. ec?01% <0002y, 1207

the standard coupl i ngs were shown to have an average
cycle count of 3,118 cycles over the 0- 350 psi

[0098] ess Uhable Sing&Dry it Biste tadbacbhtiesofiidl px of Hy dsdwdivdaresbure
fittings were also shown to have an average burst
pressure of about 1480 psi g W th. L RE 385

splitting at the pipe and not—the Toupl

NoT® fﬁffat”'r‘? r Staitbnates ag-e §FRALY t vemi ncsansi oseref  saohansweb. Avg.

Chaprgls g @@upl ek (joes bt gfegmade“"pbrfd? ﬁand@ 8 anN° 4 Nos (08

bmhypsi of Water (sec)
g 15 [ 00906]

(sec)
Al it or At N r- nl a0t 1 +
L coriity. P00a o3 ,;;ifi',ozf?f’é.“ ;Lli@“ '342"fn‘§ Bog 228 283
?hp rQaQZ@rmrQQBO;mrPQWﬁr aukiog prf§ r‘lpse%4 i hZA abaug E%ES 7.54

145 91001 Y8650R02T/ 18PA08/ d5da21438 he 38al &F8 472 464
performance test, the assenbly is seal ed about the

coupl er using an epoxy, preferably epoxy product

[00922 32 iGbid e BRI EScRTiest Perfbaaai®d i n Cranston,
ode Tsland. Results of the test are summari zed

betow T Tabl €5 5a- 50 and 0a- 0D. cldeUNk/aulic TestHrdeh 0280 PSI
"Dry Fit" Time to Evacuation of PneumatNocCyPsessur e
Channel  Channel Assembly Avg.
No. of i oy Area N Samp. Samp. Samp. Samp. Samp.
Channels D;Z;’f) vv\\,/‘cé;t:> (sq.-in.) x"('é’l:“ﬁ) No.1 No.2 No.3 No.4 No.5 g;'des
1 0.060 0.060 0.0036 12.02 3308 3308 3308 3308 3308 3308
1 0.025 0.060 0.0015 12.02 3214 3214 3214 3214 3214 3214
1 0.015 0.015 0.0002 12.02 3214 3214 3214 3214 3214 3214
10 [0100] Table 6b — Sealed Burst Pressure & Failure Point
Burst Pressure (psi)
Avg.
Channel  Channel Assembly
No. of h Area Samp. Samp. Samp. Samp. Samp. Burst
Channels %68?)' VV\\I/Kz't:)' (sq.-in.) xczlgmis No. 1 No. 2 No.3 No.4 No.5 z)r;z;.
1 0.060 0.060 0.0036 12.02 1480 1480 1440 1500 1500 1480
1 0.025 0.060 0.0015 12.02 1500 1500 1500 1500 1500 1500
1 0.015 0.015 0.0002 12.02 1490 1500 1500 1500 1510 1500
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Time to Full Evacuation of 10 psi of Air (sec.) No. of
Channel Channel Assenbly Avg. Channels Depth - Wdth

W0 2088086580 une - Sanp. Sanp. Sanp. Sanp. Sanp.PdT/DE2008/650821
(in.) W(in.) (sq.-in.) V (cu-in.) No. 1 No. 2 No. 3

[0100p. 4 WNh f2g4r8 €€ the bulst @nd GHlutk SR 16t A3 ofl e @Rsefhblibs failed on an
0.72 0.72 0.88 0.81 0.76 1 0.025 0.060 0.0015 12.02

aver;%egaz a@mﬁq 5@@ 93&21\19%}%13;/1&% g&;f ! %)lgsgﬁlge %’xg% %gc}[ Q@Ecggcf)gougler

o1y i SRS el g

altergg\gtg ?g)%gr@Yﬁg é%%%e%gggd] n\s%emﬁs% geﬁipfe rtggrp;gmnggr%e inch coupling
Sanp. Tinme Channels H (in.) W ) ) cu-in.)

and telve Ieh coppppips: Ngro changs! SOI(f%Uan_ \N@reotgge%lrbtgg pnéumatic and
0.0036 12.02 1.91 2.41 3.47 4.6 2.28 2.93 1 0.025

hydi@uld6@s® dedtibed 2bB2. Re8ulBhf ThediEsty arkBuginyBized belowlin Jables7a-7d.
0.015 0.0002 12.02 4.34 4.38 3.9 5.88 4.72 4.64

[0100P099F aBRIae- GRry Fitedlime Y eh@aliontof PachmaraReess@c| e
Hydraul ic Test From 0-350 PSI (No. Cycles) Avg. No.

of UIdIIIIEI V\I gdth—Chranmnet Area %’rQétUFU?rE\/‘\&%%m prﬂmmec

NoBR TP, Sanp., No. Depttr—="Chammets l‘l(ln) W
Chafnkif). h,(me' Channf) VP(m@u iy Y NGSamg, NNo Sarpp. NGame3 o 45g. Tires -
5 Cyches 1 0060 67860 v«0036 12. 02 $308 3308 éos (sec)

$308 g3p8 33eho 10.661825 114260 Wan01% d2. 0473214032145 1.90
8214 3218t 3Lldus323doo7] O01108b5 01645 (2 1002 4k2. 05632145 2.26
3214 3214 3214 3214 3214 10 [ 01001 Table 6b - Seal ed
Burst Pressure & Failure Point Burst Pressure (psi)

Omglgann i 9ig;§nneb§A% e'igm}é to! !i?éa &ét@g(%ﬁ.ﬂ'ngx\g»fj%lbdf‘alﬁirc%essure

Time to Full Evacuation of 10 psi of Water (sec.)
Channel  Channel Assembly Avg.
No. of . Area (sq.- Samp. Samp. Samp. Samp. Samp. A
Channels ?fﬁ?{ VV\\','?T:) in.) 3"(‘;‘;“,‘;) No.1 No.2 No.3 No.4 No5 (Ts‘g“ce)
1 0.025 0.060 0.0015 11.82 2.87 4.81 5.87 2.53 218 365
1 0.015 0.045 0.0007 11.82 26 6.22 6.41 5.13 685 544

[0103] The copper test assemblies were soldered to form a fluid tight seal about the test
coupling. In the sealed hydraulic test, the assembly was pressurized to 200 psi and was
observed for five minutes. In the sealed hydraulic test, the assembly was pressurized to 1000
psi and observed for five minutes. In each of the samples, the assembly successfully held the
static pressure over the entire test period. Each of the samples was further dynamically tested.
More specifically, for each of samples and their given channel configurations, the number of
cycles were recorded over which the hydraulic pressure was cycled between zero and 400 (0-
400) PSI. Results of the cycle test are summarized in Table 8a. Each sample assembly was
then pressurized to 3000 psi, and all but one of the samples maintained a fluid tight seal and

showed no sign of failure. The one sample that did not pass the 3000 psi test, failed to do so
47-
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Channels H (in.) W(in.) (sqg.-in") V (cu-in.) No. 1

No. 2 No. 3 No. 4 No. 5 Press. (psig) 1 0.060 0.060
wO2@08088509. 02 1480 1480 1440 1500 1500 1480 1rOr/02%08/050821

0. 060 0.0015 12.02 1500 1500 1500 1500 1500 1500 1
becas@dHn HroBlkm ViR R20lRr 821 ActAde IHBO pildsOrtte HAGhAMEDIN1HO Gest

-46 2008/ 086508 PCT/ US2008/ 050821 [0101] Wth
ﬁttir{gﬁgard to the burst and failure point test, each of

e assenblies failed on an average at about 1500

g Y, Lhe, as I t the pipe and not
[Omgie c etg. S a pft%tyP A'J“;a 53 nstrate that the

nreferred r\nupl er..c.
’ . ) le Hydrauli
materials, a copper test assenbl y§yce s tdact eg #rom

a noninal oge inch coupling 5 and twel ve |nch cop .
Pie. ?d(m C nnn'el A(%nf Ivgtuﬁe%tl ViER vveifélpte%%"@d F@’ith omg No.
"B uneting aN\dm hyﬁqr 801 ivdeutrest s descri bed above. Cycles

RESUT 5 o2 660‘ CRhP15aT 81 3YMTRA L2 €A3 08T OW1dN  3ad) €8142 3142

O34

e T o IO YO TP g, T8 7 5o DN Va1 T 0 TTE3§4) EYRBUALIAN 3122

af
T TTEUTT PR T || e~ Cco T url EvabualIUII U J.U
*Faag‘iigiﬁﬁe%oﬂm(”s%%”?t% of Channel Channel Assenbly Avg.
Channel s Depth - Wdth - Area Vol u - Sanp. No. ?amc)l.,
[0108hnp. Tsmon%thaﬁa ghannelof g giyeR, Cpnggtmat@ $45.bs q@ployed in
No.5 H (in.) W(in.) V (cu-in.) (sec. 1 0.025 0.060
varytngd@ibindllsiB2ife, 84csp aGemB! yawasicopstrucietbirangqroming tiyeginch CPVC
0.045 0.0007 11.82 1.69 2.78 2.41 2.66 1.75 2.26
couflhEQaH ohald o of BominaDihyeehh¢h pipe.nBwb ehivat catfigaratiohs 6re tested in
psi of Hydraulic Pressure Tinme to Full Evacuation of
the ﬂrmgruﬁl%hc ohd MALS1ic(SRE ddsc ABSEIMBYEVReMRs 0Pfhe @@IHIE bummarized below
annel Area (sg.- Volunme |y Sanp. Sanp. Sanp. Sanp.
. 2, dh M Channels H (in.) W(in in V (cu-in.
IHT%@%“ . 2 No. 3 No. 4 No. 5 (sec)) 1 0)025(0. 060)
: 2.

0. 015
yossure
Time to Full Evacuation of 10 psi of Air (sec.)
No.of  Ghannel  Channel Assembly Avg.

Channels  Depth-  width- @ Volume. ~ Samp  Samp. Samp. Samp. Samp. i
H (in.) W (in.) {sq.-in.) V (cu-in.) No. 1 No. 2 No. 3 No. 4 No. 5 (sec.)

1 0.025 0.060 0.0015 1086 4.90 362 537 606 415 4.82

1 0.060 0.060 0.0036 108.6 1.50 125 178 172 137 152

[0107] Table 9b - “Dry Fit” Time to Evacuation of 10 psi of Hydraulic Pressure

Time to Full Evacuation of 10 psi of Water (sec.)

Channel  Channel Assembly Avg.
ohoSt Depin win- ATREST Voume: SR Same fme e Seme Time
H (in.) W (in.) ’ V (cu-in.) ’ ’ ) ’ ' (sec)
1 0.025 0.060 0.0015 108.6 5054 4034 6175 66.16 4119 5200
1 0.060 0.060 0.0036 108.6 2503 2503 4253 37.28 56.60 37.29
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10 [0103] The copper test assenblies were soldered to
forma fluid tight seal about the test coupling. In

wao besss@bed hydraulic test, the assenbly was PCT/US2008/050821
pressurized to 200 psi and was observed for five
mnutes. In the sealed hydraulic test, the assenbly
was pressurized to 1000 psi and observed for five
m nutes. In each of the sanples, the assenbly
successfully held the 15 static pressure over the
entire test period. Each of the sanples was further
dynamcally tested. More specifically, for each of

their. given, channel configurations, the
013 pe A Yess Senea GutE T SEMATIRE Ui o the

hydraulic pressure was cycled hetween zero and 400 (0Q-
400) PSI. Results of the cycle t &5t Fuf U UL %Ed’ i n
Tabl e _8a. Each sanple qbly was then pressurized Avg
nb.of 308HTSi SeNRd e b Te ®hmt hesammnpdees ndimpt aBamed No.

A ui mblghvmseaﬁqgﬁd\a&uahoﬁﬁd'noN%?gnN%F f AP rfur &5 S

BN T RGN TR T A 42 Spﬁéi&hﬂe&iﬁ”."éﬂil\ﬁéﬁrm , 3218

oo

T cu T Cugbé: uuo dabnhﬁ) ad&s\“ ﬂﬁéj h $J::r%pll w%UUOIXUJUOiJ. 3218

LIC And not
SOG4+ ST TOTTUT uub LU

X*@%@“@Fégeﬁﬁefof a channel in the test fitting. [0104]
Tabl e 8a - Sealed Cycle Test Perfornance Cycl e
[0109y dr alabte ks SeHed B ©ssREs g . No.
of Channel Channel Area Vblune Assenbl y Sanp. Sanp.

Samp. Sanp. Sanp. No. Channel's H (i n.gls\WefdB i

(sg.-in-) V (cu-in.) No. 1 No-ZNo. 3 NO. 4 NO. 5 Avg
neXcl e§ranl 0CBAS 0. QB0 FB0I5 klnmB2 Sid2 3342 3342 8hA2 surst
chgtet2 1A {E); 01600004800, 000%- 11, 8223142 5K* NB¥42No.5  Press.

3142 3145 3142 * Failed Solder Joint - Not tested 5 (9

[10105] 0.0z6 detrogist 0.60% t has.a cl2éhnel Xof a Xgi vépoo X 1250

conf i goiogd | omogpano.bessenplioged 840 vaKyi ngosmom xal siXze 960

X- iR ot Avhi@dle assenbly was constructed froma nom nal
three inch CPVC coupling and one foot of nom na

[01 1%02 ree ACE&GH%B ®he tzme&ﬁ]t@% &l sﬁ%ﬁ&%ﬁe@%ﬂ@s 11&hat. ere suitable

neunatlc an escr

for use n ‘Sie n%rensulilalxl one ?rfchtcggplgnegsgrgwgef equal ly sa(ﬁs%ac%ry per?ormance in the

nominal three inch couplings. In particular, the sealed performance tests again demonstrate
that the channels in the nominal three inch coupling do not reduce the performance of the
coupling. Specifically, the average cycles and burst pressures were as expected for a nominal
three inch fitting. In the hydrostatic pressure test, all the tested samples held the 175 psi of
water pressure for five minutes, and only one of the four test samples failed at the 875 psi
hydrostatic test. Notably in the burst pressure tests, the coupling failed along its medial
circumference which indicates that the failure was independent of the channels.

[0111] To further evaluate the test data and the preferred test assemblies and couplers, a
series of fluid dynamic models were developed to compare the test data to a calculated

performance. More specifically, each model was constructed to characterize a given coupler
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in Tabl es 9a-9d. 10 [0106] Table 9a - "Dry Fit" Tine
to Evacuation of Pneumatic Pressure Tine to Full
werasstspon of 10 psi of Air (sec.) No. of ChareiBS2008/050821
Channel Assenbly Avg. Channels Depth - Wdth - Area
and MRk I§R citicS®Fhar DY aFR1N hdadPa giSanpPhanhtin®@nfightatibmin)a
W(in.) (sg.-in.) V (cu-in.) No.1 No.2 No.3 No.4 No.5
prefé3&Ctedt asdentblP2PhOmBBA Whs MRLFuAAG LR t3ePduate é Buflbr when
4,15 4.82 1 0.060 0.060 0.0036 105. 6 1.50 1.25 1.7
. 72 1.37..1. Tahl - b T -
msbted st fehporsEY o Gedth ppngabiiiy ald Mo figeta
Ful | Evacuation.of 10 psi _of W qr Sec.. sem A No, .
ocouppn e RE B AT ( B modt GHSB s i oelgppsalled in a
Sanp. Sanp. SanE. _Avg. Channel s _in.I) No.1l No.2 No.3
prefpneedapiping Bssantbilnhgving ¢ velumevhat éutypigal fof eggiven mpozesembly. In
0. 060 0.0015 108.6 50.54 40.34 61.75 66.16 41.19 52.00
eachlmOdd)Ghe Bss6mBIy0is BB Batdd8s BeiRbpRTuRiBedRith 2n H8tid pr&Bure, preferably
56.60 37.29 15 -48 WD 2008/ 086508 PCT/ US2008/ 050821

10 phif Q&1 Wakkie H6del In@ AsdylPat ERS hitiREHE PR e sdnelI e i
pI—Iydr aul i c Test Fr%drqnﬁg-ngog PSI}eat(l\lo.ltI%BI?:I es) Char?nel Fis

modg AT O ™ R Mg e DR by ey PR ot

| : in.)
forlr@yyg%e hah§&ih M moad ﬁt%ingke)tbou% al})ki)pe s%gx’*}llght. o1 then simulates

the evacuation of fluid, in this case, air from the modeled channel by calculating for each unit
of time, the pressure remaining in the piping system.

[0112] The model calculates the pressure at each unit of time by solving a set of
equations that relate the system pressure to the mass flow rate of the gas exiting through the
coupler channel. In a piping assembly having a coupler with a preferred channel, the mass

flow rate of the gas through the open channel is determined by

e
io=AP| 27 o Po/P,<(y+1/2)""" (Eq. 1)
@ T RT, y+1
or
2 y17) 2
. 2"/ P Y P Y fy—1
m, = AP\ —F——|| == | —| == for Po/P>(y +1/2)"" Eq.2
RTa(’Y—"]‘) (Pa] (PaJ ) (y / ) ( q )

where 1, is the mass flow rate,

P, is the initial system pressure and P, is the atmospheric pressure,
T, is the gas temperature in the system,

A, is the discharge area defined by the channel depth and width,
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(in.) W(ins 1 0.025 0.060 0.0015 108.6 3218 X X 3218

X 3218 1 0.060 0.060 0.0036 108.6 3218 X 3218 X X
WQ2W8/086508X- Dat a Not Avail abl e [ 01091 Tabl e 9dPET/Bsmbgab0821

Burst Pressure & Failure Point Burst Pressure (psi)

Channel Chanpele 288 8Hectheat NRonint PRBEe ver¥MEIhB specific heat
Area Vol une - y Sanp. Sanp. Sanp. Sanp. Sanp. Burst

Channel s H (in, in.) (sq,-d - .1 No.
at el S St 4 Opgtantblufuel 1Sy b5 Ve k0
0. 0015 108.6 1200 X X 1300 X 1250 1 0.060 0.060
0. 0036 108. 6R34thogas@ewstantX 960 X- Data Not Avail abl e
[01101 According to the test results, at |least two
[0118hann@&b relatefthgciaate onpressate, welumeswil talypeeatufedo thesmadsilow rate of
the nom nal one inch coupling provided equally
theéa@}ﬂhgﬁ?@gvﬁﬁ%/e@gﬁgmme@;e in the 10 nom nal three inch
couplings. Tn particular, the seal ed performnce tests
agai n de r},s&r te that the channels in the nom nal
three i _ﬁozu:FL do not reduce the performance (gf.3)
the couplikg. | Specifically, the average cycles and
burst pressures were as expected for a nomnal three

inch fitting. .In the drostatic pressure test, all
the tested sdm§i% aﬁé{?%wfagé'oﬁ“ﬁf be %ng\ﬁg?e@}%%r essure
for five mnutes, and only one of the four test
[011sianp| Esr 4 pipk @skeatblyt ele8 B spse hadvdndy doupddratithcart gn channel
Notably in the burst pressure tests, the coupling
fornfiad h KAk Fa) thel ih@rize ghshressael huidasatbe @hahtiefizddrgi cat es
that the failure was independent of the channels.
[01111 To further evaluate,fhe test data and the
preferre‘é”at;egtmaalgseﬂaigqﬁ)aﬁg couplers, a series of pq 4
fluid dygam c npdel ré’devel oped to conpare the
test data to a calculated performance. Mire
specifically, each nodel was constructed to .
wheghds 408 e o TG e oG G B e A e S0 gt o sprinkler
PCT/ US2008/ 050821

opening;
v, =v for isentropic gas movement in the piping system,
y, =1 for isothermal gas movement.
In Eq. 1 and Eq. 2:
el
1, =T R)" (Eq. 5)
[0115] where P’ and 7 - are the initial pressure and temperature of the gas in the test

assembly. To determine the air pressure in the system as function of time, Equation 4 can be
integrated by a standard numerical integration scheme.
[0116] The above equations were used to generate the pipe assembly models and solve

for the pressure in a modeled system at each interval of time. Based on the equations above,
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and nore specifically characterize a fitting having a

gi ven channel configuration in a preferred test
waz®enkdsys The nodel was then further expandedP@DUS2008/050821

eval uate the coupler when installed in a residentia

the iREGURRAGYs for Fife M@ Gk p‘}’fbtﬁ'spét&ﬁ VREERTP! yipek @itial system
conmercial ~ occupancy fire protection pfping system

Each nodel characterizes the coupler installed in a 5
prespure /ST, (iéid thsi ipitiabteapsaist pf Haviirig the systeon®, t #g(iv) ghe orifice size
typical for the given pipe assembly. In each nodel,

that E&?es@éﬁ@s’f@ ke dranSdl '&Us@%@&'wﬁ§i DEI. NthelKy §SHUOTERE Wik Bzﬁe@ﬁpon an
initial pressure, preferably 10 psi of air. Wth the

assmneg“:flr\ll_%'%epé)ﬂ‘r{égr %@fi%pg %«reﬁtnof‘hnnél 9, b?p!e all %ﬁ %ﬁrugred blfiber of

an initra

havi 0 ori e th the
corPEae bR R BN 14 RG-S ROUG Bl FETity t%%%aﬁ%&?@ system
pi pe segnment. The nodel then sinulates 10 the
volueeal i atais tnerexsed druaddlitioml faur sercage Fomeachfmaieiedisgstem, the initial
nmodel ed channel by cal culating for each unit of tine,

systélxﬂ gr&gﬁ’g WS § t(r:a‘ltj:irg Eeysgig%tihg idiflg Sg@k R ra?ﬁ(étv@dglass[u%% be

e pres each unit of tinme

. n et of e tlwat rel s

apprg sl m%benf Rt ye TSR 3B Rt G b hal
t hrough the coupler chann [

assuﬁaxmpﬁgwsreéa%fia fgr g%ﬁwdé?&ci%% thg 2ehmtvion that %%CW?&&%SS@S through
15 flow rate of the gas through the open channel is

the pipingrenitldéy ipyorgd-andpthatythe-legiopathApymedry the thangel ipaggmmedyjo be free
+ 1/2)Y/Y-'" (Eq. 1) or 2 y+1 2 mu =A, P' 2Y Y Y for

of aixéRametidryortdebti® Indd¥ition( Eds as@)med WELYt[thdinitRAPstartwifi evazuation,
fh, is the mass flowrate, 20 Pa is the initial system

ie., ﬂfn‘%&s(l)”é@c ARdeRcuatich i dakdPHPAREI C pressure, Ta is
‘the gas tenperature in the system AQis the discharge

[01 ﬁ‘j ea dgfﬁrgt%qoc?éf vJa@ %e&é??t@@ th%%%h@sp%ﬂged’\foqhgtest as?&nbly fora

preferred nominal one inch fitting, as described above. The modeled fitting included a 0.015

in. x 0.015 in. channel, and with one foot of nominal one inch pipe, the assembly was

determined to have a system volume ¥, of about 0.228 gallons (gal.). The initial system air

pressure P was set to 10 psi and the initial system air temperature 7, was assumed to be

68 °F. According to the model results, the 10 psi of system pressure was evacuated within
five seconds. The model further assumes the leak path in a joint assembly is at a minimum by
being defined exclusively through the channel of the modeled fitting. Therefore the model
does not account for the additional leak path volume, in addition to the channel, defined by
the gaps between the inner surface of the fitting and the outer surface of the pipe in an actual

test assembly.
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WO 2008/ 086508 PCT/ US2008/ 050821 'y the ratio of
specific heat at constant pressure versus the specific
whe@B/08@d8 const ant pressure at constant vol unePCHUSIDN8I050821
for 2-atomc gases and Ris the gas constant. [0113]
[011Bp r elTatfertlididembangee he apresswiehe Mmoddlmvoasaled fluid-tight test
tenperature to the mass flowrate of 5 the gas, the

asse&ﬂhi%@%ﬁ%oﬁ&%&éd%tﬂ fFhe4a@or tfle pipl asseﬁl_bqi_gﬂeacﬁ)haviﬁ% afREAd cap with
ere Va is the total volune o? t he pi ping assenDdly.

. i pe | i . .
a0. X df}éégeglgwye&eﬁhgllﬁ %%FI)IQC? B )i"hfg ﬂggg)rgeﬁ‘é%ﬁjer ff%(é:a WS ; Hﬁl 0{ ﬂlgcharge

en cnanne rmng a

in eziacg%)?E'k%atk%;%?ssﬁfﬁﬁi%siSlfl)gqetegltrl%%gr%lﬁaggﬁege\e&xg{] %g)ﬁlgctbsed’ tio\zt,ged%%pléitic

Pa and "ﬁl’g = gas pressure and tenperature respectively .
evacgyptiQihiss edpbaysr iPkis efthe @p@ﬁmqfqg;pryﬁle&ﬁy thegwo test assemblies
i sentropi c gas novenment in the piping system vyl =1
are showniis 61GefEreThgast aswndrenas theb nialeled.and itapdetEaaticZvacuation
y,-1 Ta =Ta (Pa/P") y'" , (Eg. 5) [0115] where Pu' and

profill@plottedl €hé AR dElBd bicdlle BloQSP @0 ARMds SRPEIT Rl b geeff thdgetual test
gas in the test assenbly. To determne the air

asseg{b%,g%ure in the systemas function of tine, Equation 4
can be 20 integrated by a standard nuneri cal

ightegratio chene, 16] ,The..aboye '

o119 7B R S Bl St TN Bl e profered
for th [ I [

coupjer a(qdﬁggr%%gii’_‘% {agg,?lr Eaﬁgng%g%me g/hé%z%g&g? Ztl seecgg(s~I mlogcglev[/avsaglenerated to

approximate the preferred coupler in a fire protection system for a small residential

occupancy. The second model assumes that the system is constructed using about 225 feet of

one inch piping, twenty-five 90-Degree elbows and twenty-five Tees to define a system

volume V, , including the four percent increase, of about 11.544 gal. The initial system air

pressure P’ was set to 10 psi and the initial system air temperature 7,” was assumed to be 68

°F. The time dependent pressure profiles were determined for seven different channel
configurations in a nominal one inch fitting, which define five different total channel cross-
sectional areas measured at the end face of the fitting: (i) 0.0002 sq. in.; (ii) 0.0012 sq. in.;
(iii) 0.0015 sq. in.; (iv) 0.0030 sq. in.; (v) 0.0036 sq. in. The various channel configurations
area summarized in Table 10 below.

[0120]  Table 10

No. of Channels Srgzkgtfs Channe(lir?;apth -H Channel(iz\{;dth - W Area (sq.-in.)
1 1 0.015 0.015 0.0002
1 1 0.035 0.035 0.0012
1 1 0.025 0.060 0.0015
1 1 0.015 0.100 0.0015
2 1&2 0.025 0.030 0.0015
2 1&2 0.025 0.060 0.0030
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-51 WO 2008/ 086508 PCT/ US2008/ 050821 the i nput
vari ables for the nodel are: (i) total system vol une
w0/2008/086509 the initial system pressure Pa' ; BCT/U¥20081€50821
initial tenperature of the air in the system Tu' ; and
[ (Tv)1the orifiice sizeoobhat corresmonds to tleoshanng
cross-sectironal area. The system vol une was based upon
an assunmed nunber of linear feet for a given nom na
[Olﬁlze %' Pﬁlsgﬁﬁi e??ssdéﬁ%eﬂég%%rthé){maﬁ 6K @&Bﬂ@lddr%fya channel
mnal Ty &I ze t ra COnServative estimat
t.he c ted V. S . ncreased
ot Bl e o S SO S e by
initial systempressure was_set at 10 psi, and the
a glyem RIPHITCFAICUAE D) arodide; der agngkchamrsd s¢esape the model characterlzes
approxi mately anbi ent tenperature, sixty-eight degrees
onlyFatersecitee it the 68uiing thatds mnpdrly sslednpei ahve sianeclsegherio, the
for each nodel, including the assunption that friction
modeDS&eRtdriveS usgla siigld Henpelpixtegdinguhdlchgthiof ier @dphmawithatch socket
the leak path fornmed by the channel is assuned to be

of t}ferc%ﬁphrg infNpPRSLAIEdron) IQ\,VO dabhdiSof d thea@ddkdtii®the colipliny
assuned that” at the initial start of evacuation,

1mp1boggrl¥] séal% ﬁcy% er?%ﬁ}l rfo{ Q@h gﬁﬁ?ﬁ*wﬁgsdggagcr?gggﬁggéﬁmg% U.Rl S in. H deep and

oo R el S R BBl s
nodel ed fitting included a 0.015

n. : :
the GA@Ihal, ar%@WSﬁWO@ﬁ@keﬁwmwerh@ﬁalﬁ%| It éh@ﬂii h@ Hn%ﬁrﬁ@e)d that the
t he assenbly was determ ned to have a system vol une V'
listedfera@boertiofal2@2@sgalildaoser(sgatarios off enheliconfipursystsenot Hited.
pressure Pa' was set to 10 psi and the initial system

[0122]r t EFpeichAblie N tothchaass Widd-st@iodel arbd, the pAesae dintg
to the nodel results, the 10 psi of system pressure

depé’f@%nt%ﬁ‘&%tv@% C‘Mchﬂi'té?l anfd'pY(?[tea%loﬂﬂg Small I?&ld@%lg%l sygt%!ﬁltlﬂ $1G. 5A.
assunmes the leak path in a joint asse 'y is at a

The(r]ér)]}1 ﬁgg\i\/s Po¥ %&% &ﬁ%%g]/e gﬁ%{l Qﬁ%ln%f(é:re %eésrutépﬁﬁg%r\]/elt Qﬁwo minute

perip 18%3%19 gecs? Q{lﬂggéﬁfgﬂ%g?g% @edplbge;axl%g gglg%\ég)ss sectional areas

bet ween the inner surface of the flttlng and the outer
s

resulig if agisaist rathel pipgsurei qyaeqtige figal thecbamelissenbl y. - 52
WO 2008/ 086508 PCT/ US2008/ 050821
[0123] A third model was generated to approximate the preferred coupler in a fire

protection system for a medium residential occupancy. The third model assumes that the

system is constructed using 450 feet of one inch piping, fifty 90-Degree elbows and fifty Tees
to define a system volume ¥, , including the four percent increase, of about 23.192 gal. The
initial system air pressure P, was set to 10 psi and the initial system air temperature 7, was

assumed to be 68 °F. The pressure profile for each of the five total channel cross-sectional

areas is plotted in FIG. 5B.
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[0118] To further denonstrate the accuracy of the
nodel , two sealed fluid-tight test assenblies were
w@orsnsases ed with the ends of the pipe assenbl PEFUS0$1050821
having an end cap with a 0.063 inch dianeter hole
[012(21; ||| adoinlh Soldel wakNRnbated tpaggeLintid e pexieredsionplepai nfire
of discharge in each of the test assenblies. The test

prot&tof b SoVBla el PEMertiuPd RGP SRyt Tht RGrPNBYABR histimes that the
evacuat1 on tests descri bed above. Plots of the

neunat i c ofiles e . . .aSs '
s QRSP LR] 5 LU pTlo RRSSTILL S5 D oo s
and its pneumatic evacuation profile plotted. The
seventydBdeeth geforeial wystemosdirge Kppinskiding b8 fqu@cisertiperassicel about
of the actual test assenblies. [0119] The nodel was
n 1. . ti - of .
o5 YD RNl Ept P PSR 1] GLATRERLAG b i
system Accordingly, a second nodel was generated to
temmpguexi ratae ajsomeprebe6d ¥ Buuptsnre modleffor echobthediviedotal
systemfor a small residential occupancy. The second

el .assuy ks constructed using
char B s SR e AR IO, g twenty- 11 ve
01230 Do A A T S5 S DB in
i ncrease, of about 11.544 gal. The initial systemair :
protadsiop segen far peonperciad pequpanay. pdie tHiyme ApsypLes gpat the system is
systemair tenperature TQ was assuned to be 68 F. The
congtiunted deing rtewtt>0p fexs otif € /pmoh npesnahpipe, Heék feetrmf eae irfch piping, one
seven different channel configurations in a non na

hun@B8 90 1881 del ditdWand WAk Glndled Te& thid¢andh gjs@erne polubret/al | including
channel “cross- sectional areas measured at the end

face of the fitting: gi) 0.0002 sqg. in.; (ii) 0.0012
the fogr pérpent inof¢ase,)of@baY P8. 16§ gal. nlhe ipjtip) sygleppBopgsure 4, ; was set to
(v) 0.0036 sq. in. The various channel configurations

D T R
1

- WArea (sq.-in.) Sockets (in.) (in.) 1 0.015
profe Ga3ach 00be five tatalzha@s! orosgsecgond pxeas 15 ploiedypd’lE: 980

0.0015 1 1 0.015 0.100 0.0015
[0126] The plots characterize how readily a modeled preferred coupler with a channel
evacuates a piping system under pressure. For each of the channel cross-sectional areas
modeled, evacuation of a measureable amount of air pressure occurred within two minutes.
Combining the modeled results with the test assembly data, it is believed that a leak path can
be created with a coupler having a channel cross-sectional area, measured at the end face,
ranging from as small as about 0.0002 square inches (in.%) to about 0.01 in2. However, the
plots further indicate that the rate of evacuation decreases with increasing system volume, and
it is believed that in order for a preferred coupler to provide an effective leak path to detect an

improper seal, the rate of change in pressure in a full system must be dramatic enough to be

identified by the piping system operating personnel. Thus where, for example, the operating
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-53 WD 2008/ 086508 PCT/ US2008/ 050821 1 1 0.060 0.060
wO2088%5)91211 Because the nodel is dependent BEDIS100&050821

total cross-sectional area of a channel opening at
persbii@] endodias@gefsybhe predelegdufd intthaibasen@ni afssmettiymfredidential

i nproper seals are presented by a given pressure

ﬁ(é“ﬁfdi i Ll i sg@ ' e®EeRhE GipitdE stem,
Ocmﬁ%d I cﬁggggﬁg??égglgggﬁﬁgﬁ%nehfgﬁgg?a%% tﬁg cougpiﬁgg
t hat. i.s i e eal For,. | 0;
the el i DR PR e A R BB RSBl R o
) tending the | ength of the coupling w
&gn%captngoeélhfﬂ ?Snta 1‘? P%%@Fﬁy%ga'pg%’surg Igatcg%elh %t ch ogge%%ﬁetto the
channel s of a one socket in the coupling inproperly
opergag pifsonmekor di ngly, for a channel having a
configuration of 0.015 in. H deep and 0.060 Wwi de,
[0127he O0TAGL Fori any Zianehagel eross-sardosa ekt therevadueticopyshsungprofile
i nproperly sealed and 10 the 0.0030 in.2 area covers
preféiaBlysREKked Sratd PN hedd iy ps@alredhat bin Bh@glstrébonithdan sitabiedbressure
that the |isted cross-sectional areas could cover

sensﬁ%e&%érgﬁ)ri‘ﬁ gﬁﬁ@ﬂl@ﬁé &gfgfér%rﬁéés&%igﬁﬂgé islon8 4188l is practical for

1221 For of the five total anne

- i | . h i . . .
o B B B B P eP ASH LppeBR  s

S Ca

residential systemin_Fl 5A. The pl ot sho f eac .
avalgbia nEht poiseToRERHARTRED ardued naBit elurolamap o gro psie.
a two mnute 15 period in the small residential _
s0 astpsheeble agegisigr agrefaradiaingnemgatejof ghasgs impressure of about 0.5 psig
cross-sectional areas results in a greater rate of
per piresswitbinevapingtsyoemf Onmekbrepletyanreemstic pOE234 mAngfhctngd by
nodel was generated to approximate the preferred

WICA W@ mechfation @of;ﬁ)rathQif%Wr@fé_eﬁMS,t@éﬁrFi@[ arfl g¥R@liatdd from 0-30 psig
residential occupancy. The third nodel assunes that

Refd1f tos%éﬁoﬁé%&dré RO et 68348 iaNIhAARnhaRY 09 se AGal HER modeled
plp%ng, 1Tty 80- Oto

gree el bows and fifty Tees 2

define a .syst vol ume V! i.ncl %ﬁn he four r

provifed BEaihiln BRI peStue A by Py BRI &l o o
ressure Pu was, set to 10 psi and the initi system

smaﬁsfrrth%w@fi%%ldwgal SR DB ey B Hopgscr, The channel

pressure profile for each of the five total channel,
confeguystsons @ggni@g altotabgressssergongl ance @80i0A1 Fing, osgeater provides the
preferred initial minimum rate of pressure change of 0.5 psig/min across all the modeled
occupancies. Accordingly, an array of channel configurations are available to define an
effective leak path capable of evacuating a minimum 10 psi of system air pressure at a
minimum rate of 0.5 psig/min in a pneumatic test for a variety of applications. Under the
hydraulic pressure testing, the channel configurations preferably provide an initial minimum
rate of pressure change of 0.5 psig/ 2 min across all the modeled occupancies.

[0128] However, the ability of the channel to provide an effective leak path is only one

factor in defining an appropriate channel configuration for a coupler. As discussed above, it
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-54 WD 2008/ 086508 PCT/ US2008/ 050821 [0124] A fourth
nodel was generated to approximate the preferred
weouwpheisos n a fire protection systemfor a | aPQEUS2008/050821
residential occupancy. The fourth nodel assunes that
the systemis constructed using about 750 feet of one
i nch piping, seventy 90-Degree el bows and seventy
Tees to define a systemvolune Va , including the four
percent increase, of about 5 38.584 gal. The initia
systemair pressure PQ was set to 10 psi and the
initial systemair tenperature TQ was assuned to be
68 F. The pressure profile for each of the five total
channel cross-sectional areas is plotted in FIG 5C
[0125] A fifth nodel was generated to approximte the
preferred coupler in a fire protection systemfor a
commer ci al occupancy. The fifth nodel assunes that the
systemis 10 constructed using about 500 feet of
1-1/2 inch nom nal pipe, 750 feet of one inch piping,
one hundred 90- Degree el bows and one hundred Tees to
define a systemvolunme VQ, including the four
percent increase, of about 90.168 gal. The initia
systemair pressure PqQ" was set to 10 psi and the
initial systemair tenperature T, was assuned to be 68
F. The pressure profile for each of the five total
channel cross-sectional areas is plotted in FIG 5D
15 [0126] The plots characterize how readily a nodel ed
preferred coupler with a channel evacuates a piping
system under pressure. For each of the channe
cross-sectional areas nodeled, evacuation of a
measur eabl e anount of air pressure occurred within two
m nutes. Conbining the nodeled results with the test
assenbly data, it is believed that a | eak path can be
created with a coupl er having a channel
cross-sectional area, neasured at the end face, 20
ranging fromas small as about 0.0002 square inches
(in.2) to about 0.01 in.2. However, the plots further
indicate that the rate of evacuation decreases wth
i ncreasi ng systemvolune, and it is believed that in
order for a preferred coupler to provide an effective
| eak path to detect an inproper seal, the rate of
change in pressure in a full systemnust be dramatic
enough to be identified by the piping system
operati ng personnel. Thus where, for exanple, the
operating -55
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WD 2008/ 086508 PCT/ US2008/ 050821 personnel is
nmonitoring a system pressure gauge in the basenent of
w@2008a86308 r esi dential occupancy and the i npr oper/US®as$/050821
is in the nost renote joint assenbly of the piping
is prefsie@md maldifin hahi@ir®im Graliphicknsy §it BECPiE&SH eded tecdr@ply with one
evacuation fromthe coupler channel nust be

or i OMILHBAMANBRRAYIR SRRy, O HEGVRH @at ANth RBsBYS LM outer surface
pressur e gauge and be noticeable to the 5 operating

.persongel . f . i .
R F5B05h 1 A, 18 g BB PR A o vl
. preferably defines a e of . change | ressure that
icBSs Bl e rae o R4 eas Bop Lo dRatihgn. te
or nonitoring equipnment. A preferred pressure gauge is
channebdeptinean by qondenicd &0 as wravopheunimiEe Biogapesegmeni cnds from
i nspection techni ques, such as those described above,
abutaing thesshoeldei dnygl cl@imyatt HalrhenneT friemgaugepliese. f Mptehger, by configuring
preferably graduated to read pressure fromO prig to

the Hanfg idgpth 58t 88 pieferRl Bl ulDorIegiis k @P\EC psgl&] the@otential for
m nimum rate of change in pressure of about 0.5 psig

und @b b 8¢ dehieRt &aRhPnAQrigYSHEMhNBnRA SRR Y zed.
pneumati ¢ gauge 1 s manufactured by WKA
strunent atd.on .Corporation_of Lawenceville rgLa
012505 o ETR TSR GRS 8y Shpls RUARE B FrgFROUSL e
pressure plots of FIGS. 5A-5B, all the channel .
charge a8 P B1Ea PR SR HRE uagob%\w B AOPHH-JAiRarcterably
0.5 psig/mn. pressure rate of change for system
ranggs fromeaboatui012 io."dp abar@l0086 in-hand monepictmat e singenfrpm|0.0015
occupancy fire protection system However, the channe
in.2 wablugoeid iads Tde thaninalgdeptlt Hicah rape Sonsawui 6.085 irmhesto about
of 0.0015 in.2 or greater provides the preferred

0.060hdHed andithy FRAREI a¥i8thQhan PArRS SN akdt@ 0 085 afchs & about 0.1 inches.
psig/mn across all the nodel ed occupancies.

PrefOGERY %r&la%el gg&tﬁ“ﬁ Aoty e??uelg lo, 3 @{1&&%%(@58099@.0@6 Errdeis most

avarfable to I ne an 20 tive pat h capa

f evacuating a m nijyum.10 i . of stem,air _pressure
preiGipo ST P T Enp BN WA TS el £8Py 0.025
. for a variety of applications. Under the hydraulic
inchgy sabgpiel- Pl fdyig mas léfe%ﬁ%h%}ﬁé‘PO% &ﬁﬁgrmhﬁ%i ons

preferably provide an initial mninmm rate of
[0138] essuWbile Harmgesentf ingerBiop dagyheen dijctpsad Poibigelgrdnce pecertain
nodel ed occupanci es. [0128] However, the ability of
embbbienenig nt@krotio mpdfichtiensaniteeftices] dndehbhegk tpaikhklessibodl y
one 25 factor in defining an appropriate channe

embggig{énwr@bmmé RithSutGRPABE frofSthe kSIS SRscBPO¥Ehe biesent
invention. Accordingly, it is intended that the present invention not be limited to the

described embodiments, but that it has the full scope defined by the language of the following

claims, and equivalents thereof.
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WO 2008/ 086508 PCT/ US2008/ 050821 WD 2008/ 086508
PCT/ US2008/ 050821 is preferred to maintain a m ni mum
wodoB/osdspxkness in the coupler in order to conpdTUSE00$1050821
one or nDre industry standards. Accordingly, it is
belle %22, in the absence of an outer surface
{14’6 59

Whﬁf on the coupler, as seen for exanple in
FIG 6C, to maintain a constant wall thickness, a
1. m&%mo Ig?g}gbgl({ngqﬁg f?lt%grilt)éoipe{ﬁxfe e?@lﬂona;ﬁﬁﬁ{g 59%% having a

confi.gured s 0. avo d . m ze the
phugiet TS he P Snblie Tt e 1581 Ry S PR The o
channel from atmosphere. Mreover, by configuring the
chargigh HifencBed EHMPIIEEEt he preferred maxi mumor less in a
CPVC coupl er, the potential for wundesirable pooling
of cenerptessxeiazli@}t&len'aﬁmi;yatenwiandﬂ n the channel is
m nimzed. [0129] In view of the above factors, for a
si ngl e ehalnmnilg Wigstineed 1edk pdiebacegd &1 intdrioe ofl the phyEngefstem and the
cross-sectional area can range from about 0.0002 in.2
exteh@r @ﬂﬁ@bﬁ%;o%@ni R frm R BE 8k Yt oh@BHRRelf  om about
to about 0.0036 in.2, and nore preferably
ranges fromO0.0015 in.2 to about 0.0036 in.2 The
ch ca
2 e e g N e AR AP E T PR LR R gRessure and
rom about 0.015 inches to about 0.1 inches.

appl%r@g%\tb‘fefmﬁsﬂr@ channel depth H ranges from about
0. 025 inches to about 0.060 and is nost 15 preferably

about 0.025 inches,. and the channel. w dt ref
r affgéén@ftbqﬁﬁfj%@tl B copNRg A Y%Glﬁ?a @g?’ée%iéo 5@ at least
nost preferably about 0.060 inches. [0130] Wile the

one pharselrndiraveninitong Waethdsaetovdpak bowvegn wh trHenesfol thapiping ystem
certain enbodi ments, numerous nodifications,

and dletesraaior ofige paring s;hmmg asfotred tyethd eslenst bee chamblodi ment s
are possible wthout departing fromthe sphere and
scope of the present 20 invention. Accordingly, it is

4. i ntraaadesghddatcldifel , WesantheichyaniiOincnoés digposingithest 163t one
the described enbodi nents, but that it has the full

f I
o BFRLPRLES kI ORS00 ) i

with t%céx%%?%gs/sgge%gjof the at least one piping segment.

5. The method of claim 1, wherein placing the at least one channel in communication
with the central passageway of the piping segment includes defining the depth, width and

length of the at least channel along an inner surface of the coupler.

6. The method of claim 3, wherein defining the depth of the at least one channel such

that the depth of the channel varies along its axial length.

7. The method of claim 3, wherein defining the width of the at least one channel such

that the width of the channel varies with the depth of the channel.
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What Is Cained Is: 1. A nethod of checking the
integrity of a fire protection piping systemhaving a
w@bwsagdsvy of joint assenblies, the joint assebPdi/Usx08/050821
i ncluding at | east one coupler having a channel, the
8. netiheehaidisti ctdimd, whepigdsiing ihederdieopihpianigas yat elmnnel
and eval uating whether a | eak path between an interior
mch?ées%!@?cmﬁih@ 'tHbgclﬁMI%l %r@ma@ frd @ﬁd fRX bethe @bugslr toh&eBirdl ddd face of the
systemis forned by the at | east one channel. 2. The
q@thod of claim1, wherein pressurizing is one of
coup!
pplylng positive pressure and applying negative
pressure 10 3. The method of claiml1, further

risin n seal ant. teri he at .| east
e TPt L e Gl PRy BRI o oPhdsty e 3 surface
tmeen an interior of the piping system and ,
of t@aoephebw ighibitF&1ab PEACFES 8§ % MY SEMBRIB hapuplse aég defining the
| east one channel. 4. The nethod of claim1l, wherein
demhhéﬂEMaMHaﬂthsHmnmumegtb¢§pw§kng the at |east one
coupl er about at | east one pipe segnent and pl aci ng
the at | east one channel in comunication 15 with the
10. cermthe ahetpabsfageway obfhetaheveatlaimsasheremethp bydlwgingegeledes placing a
5. The nmethod of claim1, wherein placing the at | east
plurli® of BROAMEIs ih BoraARIIERIGRitR The dhirfl Jabe g@\@ﬁb‘ 6@he at least one piping
pasSsageway of the piping segnment includes defining the
segggﬁFh width and length of the at |east channel al ong
an inner surface of the coupler. 6. The nethod of
claim3, wherein defining the depth of the at | east

3 gfflhggr?nﬁ? ed 0 alleg/ rc]mg)z(? gﬂe%gvet {lﬁlm%e%grﬁgf tﬁ%?ﬁal%ﬂ%@qgludes

, Wherein deflnln t he mndth of the at | east one

mo%ﬁ?&ﬁ%él“’%lﬁ’éﬁresf"ﬁ%\fr‘tthﬁéyW‘Hth of the channel varies

with the depth of the channel. -59 WO 2008/086508
PCT/ US2008/ 050821 8. The nethod of claim3, whe

12. deflihsinshachel aneoge B Bre abpee elpimsewberepibe ahspmane Coupler includes a
i ncl udes extending the channel froma first end face

plureliitytofieowerpleech having a dmoheheahdnifchabe ofaltdtiag imbdufheidentifying the

at least one channel forming the leak path.

13. The method of any one of the above claims, further comprising deforming the at least
channel so as to form a fluid tight seal between the interior and the exterior of the piping

system.

14. A method of leak testing a piping system having at least one joint assembly including
a pipe fitting with a pipe segment disposed in the fitting, the method comprising:
defining a leak path between the pipe fitting and the pipe element;
introducing fluid into the system; and

detecting fluid discharge from the channel.
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9. The nmethod of claim3, further conprising formng a
shoul der along the inner surface 5 of the coupler to

w0 nivslosdsosxi al progress of the pipe segnment i nPCTES2008/050821
coupler, and defining the depth of the channel at its

15. map fiiodbf &ectileukdein.a fife askhablyrbhndisog: any one of
t he above cl ai ns, wherein the eval uating incl udes

pl aci ngp@yyidhshAkid ﬁn@éo@@%ﬁ@dlﬁd kdla pRERLEHhEARYD Rftmvhé Rssembly,
t he cenPraI passageway of the at |east one piping

the 43 Fehl n%e- f%ﬁgg énl%ll]ud;ﬁ%ga é@%lpﬁq? ﬁgﬁmle%gggg‘ Lhe above

atirng 1nc nonitoring a

| oss of pressyre in the syste 12. The t hod of ,an
one of @ﬁ&“&bﬁwgt@Pﬁg FCaﬁBFE%H“ﬁﬂgeggjggéggwgﬁgheaykayon@
_coupler includes a plurality of couplers each having

fittingt andghe pipe segre¢innel , the eval uating i ncl udi ng
identifying the at |east one channel form ng the |eak
path. 15 13. The nmethod of any one of the above

16. cl ai methofl of té¢testingonipaki i anfirededtostinnrwysiemecoatprisegst
channel so as to forma fluid tight seal between the
i nteri oprafding iR xte@NVit atdbast e @iuplengousytstoenpipd degmant to
nmet hod of |eak testing a piping system having at | east

fornPR abQhiMly, 38SAMRsY ok WetkiHE iltOudide PER@NEN th defige Mehk path;
pl pe segnment disposed inthe fitting, the nethod

conpri si_ng; [ pe
FrTEl ng PaneoF Rt L' Sftafby 6 TR ANEAHEE PP
the system and.detecting.fluid discharge fromthe.
channel PreS2Hp t%&h’@é‘ﬁﬁ@%&b gveﬁé'ﬁFE%‘%d ¢y akuisl El.ffeﬁf nt than
nmet hod of detecting a |leak in a pipe assenbly

the faishigpesi ng: providing at | east one coupler attached to
a pipe segnent to formthe assenbly, the at |east one
fitting including a channel to define a | eak path; and

17. £ 1 ik mepthidduifatlaitr iSughercirepresmarmestinge vas int ofigbstags infladés
between the at |l east one 5 fitting and the pipe

pnewgghettssutkGestiignet hod of detecting a leak in a fire
protection system conpri sing:

18.  The method of claim 16, wherein pressure testing over in a first stage includes

hydraulic pressure testing.

19. A coupler comprising:

an outer surface and an inner surface defining a central passageway along a
longitudinal axis; and

an annular shoulder engaged with the inner surface and extending radially
inward toward the longitudinal axis, the shoulder including a pair of sidewalls to define a
axially extending channel in communication with the central passageway, the channel being

alterable to define fluid tight seal about a segment.
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providing the systemw th at |east one coupler coupl ed
to a pipe segnent to formthe assenbly, the at | east
wo@e@sHsdsvs ng i ncl uding a channel to define a |RPERUSHDSIO50821
pressure testing the assenbly over a first range of
20. Pr ghs b @sier cithich( oOpthvdssii e bais bt sidewdls definesrbthanoslelepth of the
second range of pressures different than the first

char{n@pﬁea direbtior Ql%ng%h%&lfdu%l akign 16, wherein pressure

esting over in first stage includes pneumatic
pressure testing. 18. The nethod of claim 16, wherein

21. E;gﬁgg{)\fpléreost{c 48 I@V%erleyh Be fcf_)l%ﬁl%l ée%)ﬁgﬁ at Q%a%gﬁﬁn aﬂ-@xe shoulder.

pressure’testing I'er conpri si ng:
an outer surface and an inner surface defining a

ral pas ewa llong a. lon udj ;
2. gk S e S g Bl din b Fruets! i es s B2t Y
extendlng radial |y rd toward th di na
secoggiesd fackerhapes) |€aféradlrlagro @h%rﬂ &t opg Ofgﬁhﬁrg‘rr‘glaP S?CBné end faces.
define a axially extendi ng channel in communication
with the central passageway, the channel bein

23. al flde spimenof cdamiZle wherginithe channekedends biont ths faggad fce to the
-61 WD 2008/ 086508 PCT/ US2008/ 050821 20. The coupl er
seconf] eall &cm 19, wherein the pair of sidewalls defines a
channel depth of the <channel in a direction along the
| ongi tudi nal axis. 21. The coupler of claim19,

24. whemgicBuplbeo felamm), wiepihthe shainebatnheomaitsedndt fhes or second end
shoul der. 22. The coupler of clains 19-21, wherein

facetcﬁg %oau 'h@@h%’ g€sbodt 6. '()E§Incﬁ&danfdéh0\@1dﬁf‘6’f a%oﬁt ®66Pdhes.
ace anne extending fromthe shoul der to one

of the flrst and second end faces. 23. The coupl er of

25 TS BSOS Bl R Ll s o

R Rl o R S AR e

about 0.025 inches and a width of about 0.060 inches.

26.  The coupler of claim 19, wherein the inner surface includes an interconnecting surface
connecting the pair of sidewalls, the interconnecting surface being substantially radiused

relative to the interior of the channel.

27.  The coupler of claim 19, wherein the interconnecting surface undulates transverse to

the longitudinal axis.

28.  The coupler of claim 19, wherein the channel progresses helically about the

longitudinal axis.

29.  The coupler of claim 19, further comprising a through hole extending from the inner

surface and the outer surface and in communication with the channel.

-62-



10

15

10 25. The coupler of claim 22, wherein the channel at
the one first end face or second end face defines a
wae basngdsohei ght of about 0.010 inches and a w BETIUS$008/050821
about 0.045 inches. 26. The coupler of claim19,
30. WhgheicBuplaeoficliigr 19 Atrfhae eorhmrédintde profuetibn bivhg drenendrisngace so as
surface connecting the pair of sidewalls, the
to dbieS GRABARCHAID G SMELARR BRI AN SRS AR N8 hdour@dhuraed
relative to the interior of the channel. 15 27. The
coupler of claim19, wherein the interconnecting
surf a nsverse to the longitudina
31'axf§3@§§¥£$%§ﬂ%§§gF£ "of claim 19, wherein the channe
progresses helically, about th l.ongi tudi nal axis. 29
The Scoupt shegpurbitaat T8y her SO0 1SN afiiyugRione o
hol e extending fromthe inner 20 surface and the
longdydispl #4%PEde and in communication with the channel
-62 WD 2008/ 086508 PCT/ US2008/ 050821 30. The coupl er
of cl ai am28q pouion eludionr ¢ fage subptanjidbt drtheganad igthehe
outer surface so as to define a constant wall
longitlimknessartdy elaghel tehending eddisily fra@ehaindeit Juefacd) tigr channel being in
surface. 31. A pipe assenbly conprising: an outer
comHnf@66n M@ RDcdntLPa %g%@vﬁﬁﬁhéj@tdnﬁélrfgﬂﬁ‘er%%fbhﬂﬁk axially from the

S
passageway along a " 5 l'ongitudi nal axis; and an end

i . , . . |
ent PR 80 BAIOR A O PESHARRLARLL 7L tpteon
radially fromthe inner surface, the channel being in

co ni cation with.the.central passagewa the channe .
32§ o bngr BUbE b ia S P StariL SRR ot bNE sEERhe pive

define a leak path fromthe central passageway to the
fittiggheprppgisdg: 10 32. A pipe fitting for coupling a first

pi pe segnent and a second pi pe segnent, the pipe

fittingadosiEnddomgrgaging ilhresirsepipe fagmeshyyaiy WQOI@CE@dfﬁOF gngaging

pi pe segnment and a second end for engaging the second
the cPR] sipgeaient;an outer surface and an inner surface

ext endi ng between the first end and the

an outer surface and an inner surface extending between the first end and the

second ends, the inner surface defining a central passageway, the inner surface further

defining a channel in communication with the central passageway.

33. A pipe system including a network of pipes, the system being configured to detect a
leak in the system, the system comprising:

a first pipe segment and a second pipe segment coupled to the first pipe
segment, the first pipe segment having an end portion including an end face, an outer surface
and an inner surface defining a chamber, the second pipe segment having a pipe end including
an outer surface defining an outer diameter, the pipe end of the second pipe segment being
inserted in the chamber so as to form a close fit with the inner surface of the end portion of
the first pipe segment; and
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15 second ends, the inner surface defining a centra
passageway, the inner surface further defining a

wW@E b@sngds08 n conmuni cation with the central pasBEESmYS/050821
33. A pipe systemincluding a network of pipes, the

syst em Rehiithet Mk dload thdind@tsafhceof theakd pdrisher the first pipe
system the systemconprising: a first pipe segnent

segxﬁzgﬁl te §%9E1dexgérﬁﬁlg%&gﬁ{/‘ FrofOHP Iirﬁ%r LpedcBend ﬁfr§1‘ér BitbR1iDaxially
seghent I Tst” pi pe” segnent having an end portion
frorréﬂ‘ﬁﬁfegg ga ge%? ﬁﬁ%e;aeg%wgc%ﬁrﬁjéﬁcreaﬁz)g%n dt%e ogtrég suax“pdc% nf&w second
having a pipe end including an outer surface deflnlng
segifilout er di ameter, the pipe end of the second pipe
segnent bei ng |nserted in the chanber so as to forma
close fit with the inner surface of the end portion of
34. t hé\ pipe souplerpempEighEnt ; and - 63 WO 2008/ 086508
PCT/ US2008/ 050821 a channel fornmed al ong the inner
sur f ace anbuteheuréavd apd et immar pirfachdefiningt cgitpé pseagesvay along a
the channel extending radially fromthe i nner surface
kﬁ@@ngnﬁpéﬁbgﬁdextendlng axially fromthe end face, the
channel being in comunication with the outer surface

of the gf %Q@gortﬁﬁ Wm an S fabt Qib@t%n&é?%lﬁ{ogonal to the

conpri si ng: n outer su face and an I nnér surface

B L

subst anti al orthogonal to udi nal . ax
COmBUILEHAR w@i%ee?f‘alfrﬁbpas%?&em ﬁl? %W%ﬁﬁﬁf*ﬁﬁéren%ﬁ%@&y Hom the

t he channel bein 10 communi cation with the
end Esane a$ tpdedivage ;paﬂt hemdhepanétal pagpagseiy éxthesad fge.

axially fromthe end face so as to define a | eak path

from t hevheesit theloupaasdgervayurfaoed dedine adohsiaw, wallhtbicgiess about the

the outer and inner surfaces define a constant wall
londitdimknegs about the |ongitudinal axis. 35. A pipe

coupl er conprising: 15 an outer surface and an inner

surface defining a central passageway along a

35. A pipe coupler comprising:

an outer surface and an inner surface defining a central passageway along a
longitudinal axis; and

an end portion including an end face substantially orthogonal to the
longitudinal axis and a channel extending radially from the inner surface, the channel being in
communication with the central passageway, the channel further extending axially from the
end face so as to define a leak path from the central passageway to the end face,

wherein the outer and inner surfaces define a minimum wall thickness being at

least eighty five percent the maximum wall thickness between the outer and inner surfaces.

36. A method of a joint assembly in a piping system, the method comprising:
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| ongi tudi nal axis; and an end portion including an end
face substantially orthogonal to the | ongitudina
W@z2008/086308 a channel extending radially from t heCT/HSm08/050821
surface, the channel being in comunication with the
central dppssiagepadsagd fexienansedbupliup e co@xiuahdicagvith an interior
axially fromthe 20 end face so as to define a | eak

pasé\%géev?a i %ﬁ{{%é&%&tﬁg Bhd B cRBSSHAYCUGYMER ptdl8mER T IR Bupling;

r and 1 nner surfaces define a m nimum
wal | thickness ing at .| i ghty. fi r . the
i mume B P g e BayineRaheS RE Mol BRLGER
surfaces. .36, A nethod.of a joint assenbly in o
pi pi ng S§IgHRe CHRMBICATRR EYBH{S‘F? gV fhy Pasgige ypihat the interior
2008/ 086508 PCT/ US2008/ 050821 di sposi ng a passage . )

passpeoxdynut longercommuniggtastyath he grigrpetvaeniertpiape coupling via the
i nterior passageway of the coupling and an exterior

passage/i ronment proxi mate to the coupling;, applying a
sealant to mating surfaces of the coupling and a pipe;
ceasi ng the communi cation provided by the passage so

37. t hathetn@hdddfldionr3 65 theab srgapay thtdakpe afcheidnmdispaaigeke passage
with the exterior environment of the coupling via the

mmﬁﬁ§§§ggof%éc&;§hgethod of claim 36, the disposing of
the passage 1 ncl udi ng disposing the passage through a

wal | of the coupling. 38. The nethod of claim 36, the

di SRS L6l uding dLSRosidag 408
38. 01 SRl A RETRAILHE NG ARAI: difosing the passage
he nmethod of claim 36, further conprising, after

. 39. §
nag figa F%S@iﬂ}?gm%tfngﬁ‘i‘ééﬁeﬁssage, forming a | eak path

fromthe interior passageway to the exterior
envi ronment and thrqugh the  passage., 40. The pet hod
39. of Theapsthasko! dym o&aggﬂ@écqwrﬁﬁ% aﬁg@bﬁ é&POﬁH’ég P@F pPgssage,
di sposed around a 15 longitudinal axis of the
forngiog p ll¢algpathaftom Threintesion pessagevely 4p thedaieriohenyimgmgeand through the
di sposed parallel to a |ongitudinal axis of the
passag@¢ipl i ng.
40.  The method of claim 36, the passage forming a spiral helically disposed around a

longitudinal axis of the coupling.

41.  The method of claim 36, the passage disposed parallel to a longitudinal axis of the

coupling.
42.  The method of claim 36, the mating surfaces defining at least a portion of the passage.

43. A method of detecting a leak in a pipe assembly, comprising:
directing the movement of a fluid from an interior passageway of a pipe
component to the exterior environment proximate to the pipe component through an

intermediary pre-defined passage at least in part defined by the pipe component.
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42. The nethod of claim 36, the mating surfaces
defining at |l east a portion of the passage. 43. A

woredokoghse§ detecting a |l eak in a pipe assenbl yPCT/US2008/050821
conprising: 20 directing the novenent of a fluid from

44. an Thetmesthar ofludsdsmae WatheptoapiNine befoodpiocreing thcombdirenent of the
exterior environnent proximte to the pipe conponent

fluid, B pYahs aR mieﬁﬁ&ﬁﬁ@qiréiﬁé’ﬁl%%aﬁ%éé ﬂﬁ%g@@é@@g 6f @t phRaSponent.
I'n part defined by the pi pe conponent.
2008/ 086508 PCT/ US2008/ 050821 44. The rret hod of claim

45, Tthﬁ %Jﬂ?ﬁ“ fg;‘?é% 05 l}her p&ﬁ}gﬁs@néj beford Hﬁ]&tltng %hé‘xgkf@éﬁ?éﬁtt of the

05|n ‘ermedi ary ef 1 ned
ssa hr.o t.he

flui %8 n%%heclpég*ﬁ,?cﬁ%ry G, F]?é‘i%ld p@gsr%g? ensacng n‘ga é:"q{vg?n mat5 ing sur%ces of
directing the novenent of the fluid, dlsp05|ng t he
the pipg epHRRYIcAF %%ﬁ*’é’ﬂﬁépipﬁéamﬁ%@ége in an area between
natlng surfaces of 5 the pipe conponent and anot her
pe conponent. 46. The nethod of claim40, the
46. | ntTélle mesthest §f ohrim 4fle fheriagrmedian gec-Haignaddiapg e Inchiding hiprm that
provi des at |east one of a visible and audi bl e
provididiat dabtame off aavidiblowand hrdibig indidetion of e flvedtharugh the intermediary
passage. 47. A nethod of identifying a potential [|eak
payh@ea pi pe assenbly, conprising: 10 disposing an
material on the surface of a pipe joint assenbly
proximate to a channel in the pipe assenbly; and

47. 7 e%{n' P}%tdtg'f‘gdgtﬂg Vehd é‘l:)ot\%ﬁzh 11k fid Hﬁgqaeca%@h?dlﬁ Q:@rripﬁsitn@e

channe ¢t a hé ‘net hod of cl ai m 44,

wher el n §11e.iR) BE ARSEND %6%8&95@ B5TE PR R o

dry onn ron” w pe se
nehﬁkg of cl ai 4 , mhereln the pi pe assenbly
chaniig g the BPE £5%8 &dhaving a partial seal connection

Wi th a pipe segnment. 50. The met hod of claim 44
f urt her reastpe ihsi mfgen%lfvflévra flvid cantainsdiimicshannegto detect a leak.
i ndicator, renoving the indicator; and applying a
seal ant to the | ocation where the pipe assenbly is
48. f orlime anathachafidaim2p, whereirsthe pipetdssengdp camprises a coupler having a dry

fit connection with a pipe segment.

49.  The method of claim 44, wherein the pipe assembly comprises a coupler having a

partial seal connection with a pipe segment.

50.  The method of claim 44, further comprising, after the disposing of the indicator,
removing the indicator; and
applying a sealant to the location where the pipe assembly is formed without

the use of the sealant.

51. A pipe assembly, comprising:
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51. A pipe assenbly, conprising: -66 WO 2008/ 086508
PCT/ US2008/ 050821 a coupling having a wall and at

wo emsosasoe end, the wall defining an interior PCT/US2008/050821
passageway i n comruni cation with an opening of the at
| east oneoepithg @Rthead whitasd atdast Phg@dnaieivigl dufinapchn interior
di sposed within the interior passageway, an interior

pasbe41BinRbREINTcaBiO WM GafpkRiRg W IR dt R8st dHe@hé0nd
passageway, 5 the coupling and the at |east one pipe

each havj [ f
Form a Sb st I8 B0 b BN RER e dERO DL RELechy. an
. i pe,  at. | east one of the mating surfaces defining a
intefpETiar PiPh T RN C2HITON RN EHE RATEFIVBF passagevay
and an external environment proximate to the
5 coupl i nghe empliehanthidr ablspsigne bipecadh kayingvanting selpesthat engage
is applied proximate to the mating surfaces in a
eaclothet totfyrns aifdal beteren the eepléng drdghd & leastmompipatat daast one of the
defined by the intermedi ary passage. 52. The assenbly
mat@k sGHadeddéfnink Aeha@inel Banmnectidawit] the Q’ftéﬁidi@a@sa?@%yadnd an
helically disposed around a |ongitudinal axis of the

extehiy Qﬁﬁf@meﬁ?’%ﬁoInﬁat@gﬁg@‘% ﬁ)lgl%’ Gk %hﬁn@ﬁbaiﬁ@@bs‘?ﬁfﬁeﬁ Hen a sealant

one channe spose ara to a longitudinal axis
. of. the coupling. 15 54.. A piping.system conprising: at
is it panig i I audment e R Bl SRR GRS B0 o
surf ace 3§%§§2Wi ner surface, the inner surface
10 comgpmiqafipg delt ébe BIFrRINdicRgPAFSg an axis, the socket
di sposed about the at | east one segnent, the inner
surface including neans for preventing a fluid tight

52. corlheesseablbet cheiantd. e @ denst @ie chenngh dorpves & pirad hglicaljy disposed
pi pe segnment in the absence of a m ni num anount of

aroumdal lamgitudatabaxisabf the lseuplimgni num anmount of seal ant
mat eri al being sufficient to alter the means such that
the inner surface forns a fluid tight seal about the

53. at Theasdenhiheofilfien 4% gnenticasbéne chagndd dBbogd pysilentoaflongitudinal
claimb54, wherein the coupler is at |east one of a

axisfdftid R@pRed @ pipe end fitting integral with a pipe
segnent .

15 54, A piping system comprising:
at least one pipe segment; and
a coupler having an outer surface and an inner surface, the inner surface
defining a socket extending along an axis, the socket disposed about the at least one segment,
the inner surface including means for preventing a fluid tight connection between the coupler
20  and the at least one pipe segment in the absence of a minimum amount of sealant material, the
minimum amount of sealant material being sufficient to alter the means such that the inner

surface forms a fluid tight seal about the at least one pipe segment.

55.  The piping system of claim 54, wherein the coupler is at least one of a fitting and a

pipe end fitting integral with a pipe segment.
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-67 WD 2008/ 086508 PCT/ US2008/ 050821 56. The pi ping
system of claim55, the coupler conprising a fitting
weenBiognined as one of a tee; a reducing tee; BCOUSNGS8/050821
or reducing cross; a 90 el bow or reducing el bow, a 45
56. €l W pifing @M bNEaidd 55, 8RIERIHIE QBBbIi g a Gittirgcopfiguiedps one of a
57. The piping system of claimb54, wherein the neans
. . ° w; a
e e e AP s BB Rr ™ OB R KR Abb R0 43 clbow
cllaims(gli mherﬁin t he cgannel extends helically about
COUR'HEE UXTLCHT COWPHRELEEREYC “BY. The pi pi ng syst em of
clai m57, wherein the coupler includes at |east one
end _face extending b en.the inner and out.er .
ST, qurlis g SR Of Bt S brig et FABEaEPHIG: SHPBaRIoRgine
10 of the socket, the coupler including a shoulder
axiafpabeg thd onegr whlacast be aeckehe base of the socket, the
channel extending axially fromthe end face to at
| east the shoulder. 60. The piping system of claim 59, o
58. whdheipipihyeystou pf dain HE | witesin dreothaerel engndsdadicallyhabout the axis of
channel extending fromthe at |east one end face to
the §¢deRetot her end face. 61. The piping system of claim 59,
wherei n the channel defines an axial length and a 15
channel depth, the channel depth varying along its

59. aXiT@Je_ﬂiﬁH%Eﬁ_{en@ 3t cldine 5P vihdn shesdoRple@inctildat Bf 184kt one end face

wherein the i nner surface and the outer surface define

extesgfg@!ﬂet&é}hg@m}glﬁ?r aﬂ;iiotu € sGPHR! BE at chﬁ O‘BE i Elce g@ﬂ?ﬁiﬁg an opening

Ing t CcKNness along the channe suc

t hat the channel |is. at .ni mumat t end face a
of thsprhimaco e urbtinRestod4e FHE Hosialfe S elAF B o socke
cl ai m 55, wherein the means is |ocated at the
the ehaapeliextanginglaxiady froppths snf facsfto ahlgasy &&S@Pvldeu. The
pi pi ng system of claim55, wherein the nmeans conprises
a channel having a step transition. -68 WO
60. 200816018}65@83’3%130332@@8&051%@& theg®upIEh Enchidss prptasy spdmace, the
of claimb54, further conprising a test assenbly
chaelpttesdih®fram the at least one end face to the other end face.

61.  The piping system of claim 59, wherein the channel defines an axial length and a

channel depth, the channel depth varying along its axial length.

62.  The piping system of claim 61, wherein the inner surface and the outer surface define
a wall thickness of the coupler, the channel depth varying the wall thickness along the channel

such that the channel is at a minimum at the end face and a maximum at the shoulder.

63.  The piping system of claim 55, wherein the means is located at the gravitational low

point of the socket.

64.  The piping system of claim 55, wherein the means comprises a channel having a step

transition.
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pressure nonitor, wherein the at |east one pipe
segnment conprises a first pipe segnent and a second
w@ee/osserent and the coupler is a fitting in MI/UR20D$1E50821
socket is a first socket di sposed about one end of
65. t hent bipsle ReRe SRGTRI4, firier cohprsiena teof askdrablficospled to a
pi pe segnent being coupled 5 to a fluid source, the

presgdfré H%)Hgml? %E%gl e SERANInS 9%%%&&%%@&%@5@%&‘[ SIp€ seeknt and a
of the second pipe segnent, other end of the second
I, pe _segment 1N . fitti i.pcl:udi NS
e B SFEER IBEEERuhBE, Db RS RS s disposcd
conmunj catiqon with the first socket, and a.second .
abow R ofaté% 3. B9 RO OLSE POt oWPE HI R SEgy being coupled
socket the first channel portjion being in _
to a Joidrmaniceath? Gitfing haingresesendorogket dispread qpet grsiend phthe second pipe
wherein when the fluid is air and the test assenbly is
segnineSshuriené df the saandpig segmant whqreated pbe §itinghiaclading a channel
| eaks fromthe channel. 66. The piping system of claim
havifi® a AMIRMAINR] YHEDN iMeorhmunidatich Wit Sk fastdotitee afies tecond channel
assenbly is pressurized to about 10 psig, the water

portfoh 3 F%ﬁ%n{cﬁ?gﬂ e 1RNRPAR sokRet Lt'llibdﬁlrst dHAnBEGRRH beiffin A

coupler fo ormng a joint assenbly in a piping

syste t coupl er ,conmpri sing: 15 a substantially
com{rﬁxgma{ﬂ)n Wﬁglthepsc?g?l? o??aﬂlévipﬁgmah outer surface and an

i nner surface definjng. a passageway extendi ng alo

an axi sWhgpeisihey g‘@&“é‘%?éﬁ‘fﬁﬁ“ﬁﬁ%@?‘\/%%ﬁ@ﬂﬁ& Ii’rﬁ%&’f‘zedqg 1o more

surface and the outer surface to define a thickness
thangbotthleptigibid air leaks fromgheickanatlannel di sposed al ong one
of the inner and outer surfaces and in 20
conmuni cation with the passageway, the channel having
66. fi M3t poond $ygtenadd dainf @7, vomraly wbgn the fuidisdvaset anddhe &t assembly
interior of the piping systemand an exterior of a

is pRERHAEH ©YBbRNO0 Fshie tehaubedtvactasy fign ghese@raid in under 10 seconds.
configuration to prevent fluid frombeing carried
between the interior and the exterior of the piping

67. igﬁ% E5p1d: 16 RAMBE! jole bﬁ@m@%ﬂﬁ Qripibk Syster@hé bupldricainprising:

Iguration to the second configuration in the

resence 0 i,Ci J ; t eri B .
D008/ oséé&%‘%’é‘sﬁﬂ&@%ﬂ)ﬁg%@w&; }é&ng{%’e&%%rﬁ%ffgcr@%‘fd% et
clajm 67, wherein the(%ub | ar wal.l conprises a pipe

surf«lqetc{e%]ﬁ@gmswsww FHENRR P PRe 82 B8 nes at | est one

socket for receipt of a pipe segnent.
an end face egtending bet%vegn the igner surface and the outer surface to define

a thickness of the tubular wall; and

a channel disposed along one of the inner and outer surfaces and in
communication with the passageway, the channel having first configuration for carrying a
fluid between an interior of the piping system and an exterior of a piping system, the channel
having a second configuration to prevent fluid from being carried between the interior and the
exterior of the piping system, the channel being convertible from the first configuration to the

second configuration in the presence of a sufficient amount of material.
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69. The coupler of claim®68, wherein the pipe fitting
is one of a tee; a reducing tee; a cross or reducing
wee@ws®36588 90 el bow or reduci ng el bow, a 45 el bPUT/US2008/050821

coupling or reducer 5 coupling; or an end cap. 70. The
68. COURE esupddr oFlchiimeGSwhwbsirthe tubule vatl doepsitesangps Gglogtand the

tapers narromly fromthe end face along the axis. 71.
innel B 400 UPHRSs a@fesCoiRdl SBLIRS forB&S of alphi depiidh@ar wal |

portion defines a pipe end fitting integral with a

pi pe segnent. 10 72. The coupl er of any one of clains

67 rein: W5\ frof: he . dJnks :
69. Tglg' bomgﬁ% c%ﬁn%, %?’g{heté? brzple R 1‘22,0‘% 9pgdeng {éﬁg&%é tee; a cross

surface. e coup alm wher ei n

channel is defjned by, a.paif of aced apart,.
or e tanaiass sl ey otbeanbr i PSSy REPlling ey redhser
axi s and an interconnecting surface between the pair
coudngs Pipav@d|cap. t he di stance between the sidewal |'s
defining a channel width and 15 the radial difference
between the axis to the interconnecting surface and
70. t h@haxpwplerfichemionwhereinthe atleasient pdke! AP hagFBYly from the end
depth. 74. The coupler of claim73, wherein the
facelaldrgribomdect i ng surface is parallel to the axis and
the inner surface tapering relative to the axis such
that the channel depth varies along the | ongitudina
71. @XiBhe dpiébof dikien 6DWHeedin @fe tab@hinval# portibe defimestalépe end fitting
i nner surface includes a shoul der, the channe

: [ f he end face to the shoulder. -70 WO
’me%fc)‘gﬁgé@g’&&%%'}tUszoOS/ 050821 76. The coupler of
claim75, wherein the channel depth is at a mninmum at
t he,end fac 1 1] : j :
72t nd "o et and e b EIANRE, ABRER W in R BATLR the inner
i nterconnecting surface is radiused so as to be
surfaGehst antial |y concave rel ative to the channel. 5 78.
The coupler of claim 73, wherein the interconnecting

surface undul ates in a direction . al gng the axis.
73.  The coupler of claim 72, where?n the cflannel 1s%egn€qd by a pair ofs spaced apart

sidewalls extending substantially parallel along the axis and an interconnecting surface
between the pair of sidewalls, the distance between the sidewalls defining a channel width and
the radial difference between the axis to the interconnecting surface and the axis to the inner

surface defining a channel depth.

74.  The coupler of claim 73, wherein the interconnecting surface is parallel to the axis and
the inner surface tapering relative to the axis such that the channel depth varies along the

longitudinal axis.

75. The coupler of claim 74, wherein the inner surface includes a shoulder, the channel

extending from the end face to the shoulder.
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79. The coupler of claim67, wherein the tubul ar wal
nmenber conprises a portion of a pipe segnent, the

we b@sngdsopei ng fornmed al ong the outer surface. PGDUSA08/050821
pi pi ng system conprising: 10 at |east one pipe

76. Seghebbupland chimmiplvaerchatie nigananl deptleis asanfisiorinaaidhaend face
i nner surface, the inner surface defining a socket

and BXIBAIeNdeith ANH aMdhS at HRBNSMAkeEt di sposed about the
at |l east one segnent, the inner surface including
means for preventing a fluid tight connection between

77. L NGLEQURIE of B BN nekid tﬁé‘%?r@%eeéi B BIERNdiuBed 38:s to be

absence o%ra m ni mum anount of sealant material, the
15 .m. ni num amount  of. seal ant nmaterial being sufficient

Sumf%’“%@f%‘?%ai’%‘ée aﬁ%’ﬁﬁ%{hfﬁgﬁnﬂe at the inner surface forns
a fluid tight seal about the at | east one pipe

78. ;? gg ggt;féalgr%dfé:ﬁi%e‘é; ?V%i%}/nztixg E%?r%\g/ll;ﬂ.q%% n?g]ngllr%% I{.lg 138 %neanAireotion

conprising: at |east one pipe segnent; and 20 a
alongdlupdes. havi ng an outer surface and an inner surface,
the inner surface defining a socket extending al ong
an axis, the socket disposed about the at |east one
79. sedimenoyplert dfeldimrtdy wherefratbe tibnddr wdillngemesomppises a portion of a
di scharging the system pressure fromthe systemin the

pipcRg@Bgethefchand¥l Béing forake uivhg dfc aaal sanfacarat eri al such
that the pressure declines at a -71 WO 2008/ 086508
PCT/ US2008/ 050821 mninmuminitial rate of 0.5

80. PSIA Fiblhe REmMHoRipMdMeanount of seal ant material being
suf fi Ci én to deformthe neans such that the inner

surface &Q&ﬂg%%ﬁ%#y%%?kkgghdseal about the at | east

one pipe se net hod of checking the

integrity of fire protection pipi. t havi

5 pl ur aPCOYPIgE gV TSR A STpce s st Yudace

including at | east one coupl er having channel, the
defipiag Bgacksd ppendinagong Pe 3xigring pafgel 418905?%?‘?%“ g&?aﬁi‘ {tqge segment,

an initial pressure of at least 10 psi of water; and
the inner surface including means for preventing a fluid tight connection between the coupler

and the at least one pipe segment in the absence of a minimum amount of sealant material, the
minimum amount of sealant material being sufficient to deform the means such that the inner

surface forms a fluid tight seal about the at least one pipe segment.

81. A piping system having an initial system pressure of at least 10 psi of air, the system
comprising:

at least one pipe segment; and

a coupler having an outer surface and an inner surface, the inner surface
defining a socket extending along an axis, the socket disposed about the at least one segment,
the inner surface including means for discharging the system pressure from the system in the

absence of a minimum amount of sealant material such that the pressure declines at a
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eval uati ng whether a | eak path between an interior of
the piping systemand the 10 exterior of the piping
weyBBesasIs forned by the at | east one channel , P€TES2008/050821
evaluating including detecting a mnimuminitial rate
mini®fun® PR Satk Bf PEPSHMAIE 1 mMhirhuPSimdar ofSealahiemsdetifli beirtovamticient
m nutes of pressurizing the systemto the initial
to dé%&%‘? S eand %cﬁhﬁqwi Er Ju?iracé IRk A9 héﬂt@&al A5S@TRE M least one
ubst Antially tubular wal| portion paving an ou
. su ving an outer
PIPeSEEPEte and an i nner 15 surface definingga passageway
extending along an axis; an end face extending between

t he i nner rface and t he Er surface.t.o def
2. { nACRABS OB hoe dabIoR tEA Lre ARt c e CruRe ™ ' g5uDa
al ong one of the inner and out er surfaces and in
plurdymiiivimasscomligs.tthe joie apwabligeingipdingrd l@sesaouplgr having a
carrying a fluid between an interior of 20 the piping
charsiyl ttermethod esmpexdieg:i or of a pi pi ng system the channe
defining a cross-sectional area at the end face

rangi ng pfdsQmzafpott phif2ehntoZintivitiabgrodsufe df at feal:. 108%i of water;
The coupler of cIa|n183 wherein the cross-sectiona

andarea is about 0.0015 in.2 . -72 WD 2008/086508
PCT/ US2008/ 050821 85. The coupl er of clai m 883,
wherein t e (105, sect

d
hei ght Syalugting vy e&hefr géeea ¢ g‘nhgi%ﬁg’ nr%mf L &bl%r ?f %1@ %gg% ?Tystem and the
t.o about 0.060 in. .-73 .
exterior of the piping system is formed by the at least one channel, the evaluating including
detecting a minimum initial rate of change in pressure of 0.5 psi per minute within two

minutes of pressurizing the system to the initial pressure.

83. A coupler for forming a joint assembly in a piping system, the coupler comprising:

a substantially tubular wall portion having an outer surface and an inner
surface defining a passageway extending along an axis;

an end face extending between the inner surface and the outer surface to define
a thickness of the tubular wall; and

a channel disposed along one of the inner and outer surfaces and in
communication with the passageway, the channel for carrying a fluid between an interior of
the piping system and an exterior of a piping system, the channel defining a cross-sectional

area at the end face ranging from about 0.0002 in. to about 0.1 in.%.

84.  The coupler of claim 83, wherein the cross-sectional area is about 0.0015 in?.
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85.  The coupler of claim 83, wherein the cross-sectional area defines a channel height at

the end face ranging from about 0.025 in. to about 0.060 in.
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