PRESSURE CAST CONCRETE OR MORTAR LINED STEEL PIPES AND METHODS OF MAKING
THE SAME FIELD OF THE INVENTION [0001]Embodiments of the present invention relate to
concrete or mortar lined steel pipes and, more particularly, to pressure-cast concrete or mortar lined
steel pipes that are made u methods that ermlt the simultaneous curﬁtﬁ and prestressing of the
acturing efficiency

pipe to thereby ﬁ@@%%@%ﬁo % . e
and reducing manufactunngé@g% SERNSETRENABN [OOOZ]ConventionaI concrete

lined steel Wate&}\%l% Iar e diameter pipe, is currently designed to a maximum working stress in

the steeFBER#Y F&ason for limiting the allowable design stress in such pipe is the

limited aIIowabIe straln in the cogcrete or martar Ilnlng A higher steel stress Wli ‘ﬁ% e concrete or
R

mortar [MAYindeF BResirents o AP Rt SE A LR E O Mo AT LG s B Wy's

performmemre@ aiﬂmhet@qiﬁagyaleteaghedﬁmgetexfaﬁ@mtm@mme&albmasqbﬁaer@sm@f the
steel pipe. [000 %Whe use of concrete or mortar linings with such steel plpé% % well known for use in the
§

water pipET8dUEN) betiah Tl e RRISrOvaRs SEBRE SR SRSSHRTTRE SlBF e Ho P fRERNor

COrrosiof étadelanewaio d &f finere Jin Ghenesel thandh aamhifs armiematiedsiceneyetadinings,
polymer coatings such as epoxy based coatings and the like can be used with steel pipes that can be

designetP R PRI AP ER&IFPEStailure. However, no currently available polymer coating can be
guaranteed or expected to last 50 years in water service without some form of periodic maintenance,
typicallyBi appEROVNDYAE VEH? INMENTIDN not practical to take such coated steel water pipes,
e.g., when used as a water main or the like, out of service to sandblast and recoat the lining every 15
or so yeHI80zir maﬁuemanﬁmplwgm@e& [0004)Acksaterchlimitation fegcdinurets ey isteatrordter pipe is
the engineerin onS|derat|on an t of 4@, and
preferab yslgsé% han abolit 220. Yi[ gﬁglg%\{agt glg(%& ?\ g g} ﬁg@fﬁ?@e %St %?/gga% rﬁ?n??n%m pipe
wall thlcknaseg)ﬂmmbiWﬂhMém@m&t?emoh $ovh pipdds the h@@ﬁzd@llﬁ\@h@%)ﬂ Fhencffe soottdiie design

requirement s ek nge AighaoldnaneResndesianeding iesserua i ass dugpdntemal

pressure, requires a greater ickness due to ing, shipping an
2009/1 3994 RCTIISRERIGBROGL form, adversely affecting the lining’s performance, and creating

the potential for the lining to fail or otherwise fall out of the inside of the steel pipe.

[0003] The use of concrete or mortar linings with such steel pipe is well known for use in
the water pipe industry because they have a proven record of protecting the steel pipe from
interior corrosion for a long period of time, e.g., of more than 50 years. As an alternative to
concrete linings, polymer coatings such as epoxy based coatings and the like can be used with
steel pipes that can be designed having a higher strain to failure. However, no currently
available polymer coating can be guaranteed or expected to last 50 years in water service
without some form of periodic maintenance, typically at approximately 15 year intervals, It
is not practical to take such coated steel water pipes, e.g., when used as a water main or the
like, out of service to sandblast and recoat the lining every 15 or so years for maintenance

purposes.

[0004] A second limitation for concrete lined steel water pipe is the engineering
consideration and need to have a diameter to thickness ratio of around 240, and preferably
less than about 220. This means that a 100-inch diameter pipe must have a minimum pipe
wall thickness of approximately 0.417-inch (D/t = 240; t = 100/240 = 0.417). The effect of
this design requirement is that pipe which could have been designed with a lesser wall

thickness due to internal pressure, requires a greater thickness due to handling, shipping and

i



installing stresses. In this 100" ID x 0.417" wall example, pipe rated at P = (2*t*stress)/D
2*0.417*21,000/100 = 175 psi or less must still have a pipe wall thickness based on D/t = 240. The D/t

requirement js based on the practicality of handling, shipping and installiril%#?&gﬂigz 3Igbsgoor soil
t stiffen

i 0 20097139974 o . .
conditions, the pipeis also vulnerable to collapse or over deflection if no y increased liner

thickness, steel pipe wall thickness, attached stiffeners, or the expensive importation of more stable
bedding riateliasstoDos 1 dhvd SoAR) plettie stdbccarblet Byt PPe &ﬁ’@ﬁsﬁ%mﬁnses an inner
concrete pipetoT-cqreothabis-plased: s aienatdigh wRopressien b iesseatwieshat are wound
around the inner p\gié?e. The pressure loads that are place(iicl)gqg.e pipe in_service are taken by the

prestress&t ste8Y WirdSTERTBERIGh Brehab A dRaRg Ales Flfer R S Y B 8 uce the

amount ofigteehihadnsoisemditiproyvitingib & desirethantocns ofiamypsessiord-Theicoifatete core resists
the prestressing. wires and helps support the earth loads in, a buried conditign. The prestressed
concrete ST s S e T S R B S 008 e of e
problemsghenweve mpitte RQOPH® thet diffi batiging pratettding the high strength prestressing wires from
corrosive environments when the pipe is placed into service, and the potential susceptibility of such

wires to hygoagen emhrittieman-iaxcrisivadevels i eaihpdiepotectionaie applied. The ability to

easily cathodically_protect the prestressing wire is further complicate by the low dielectric strength of
the typicTASREPESAR RS H S RIS BUAPHR! BeRfraBBITgWitds (85t tHEm ot corrosion.
The dielegisignteststan de darbee provedebyth & appheatierpbicadswitdll eipolymericeating, e.g., such
as one ava]i{lab{)e H}om Ameron Ipteirnational under the pnﬁd%ct name Ang rcoat 1%728. While the use of

t'a o1 DV GPI‘@S’H‘GS&G{‘I StCC L WIEES US1IL fql a ﬂwa ¢ QeSHIT SLFCSS CTCIOFC 4L80 . .
such a polymer-coating makes It éasier to ¢ ically protect the  steel prestressing wires, it does so
at an additjerelgostriniteritts efooth sharafduttiringestaps avid irg tdknds sofedovmmaterial cost. [00071As
the undef&{ﬁg%s%ﬁ!mgM&égmp@&m%@u};@&?@gmm_ ags ﬁ%ﬁ&ﬁhﬁ}fé}?{ﬂ_ 15 pdypical major
cities have increased over the years, another problem has arisen from “cathodic interference” or stray
ground clprents edused sypditiarby SepIsiFsirk sttt Camdadphrtée forPest Bx@asdr corrosion, and
caused by, PGonewdereddansinsystems. Large water pipes installed many years ago now find new
pipes that have been installed nearby. These new pipes may be cathodically protected, and the stray
ground ¢ @Qﬁs introduced from the cathodic protegtion,can.c llusive currents in the PCCP. As
a result cL#{ e poss(% eoé%(?lgt %gc]:béeg*s Sﬁ%ﬁ%ﬁ?&ywét}bg%ﬂsrre%’%&Erﬁgqrg %8%?6%%1%%%}‘3\}3 %: agencies
now prefestreitbrcornentipmatstéehpiperpdtie adishectkotevdting fopiprternabedmessnvprotection, or
steel cylidarreinfarged sRpgiateing yhen exarRldnads ssmhial- Aiheuallilis iR A gfective

r? s (%%n? ItIs costly&%}oo 1 Y i T

approach for controlling pipe corr One approach known in the art for making

prestresse#hagdis masectenasearplisdsd e mullivsie prpiy cadw dicarst FErtathEre AEWHG 8 8dNncrete core,

slipping aysieqk RIREL VBRI RIAARSIHEABG aISICeFR saRRLIRRIT MYMPIRG: Bbieh-RIgssUWIRGEOUt into the
annular gagﬁbetween the pre-cast concrete core and steel pipe to place the concrete core under

compresGITEHIBYFEYS PHE TS BrEbIeRO ERISPHRT IRCARERMBE: of HAKSIRGHHESAHRSE problem
relates todhetdiffigubiycdipatiectlyl Reaing the vnds ebtheeancreie eqredaths steelpipdlduring the
pressure grouting operation. A second problem involves how to a intain pressure to the
grout duri‘%&r?he cﬁﬁ% of rré&tg1 gﬁﬁué’él ecia f}oi E?ﬁ?ﬁl%r e§;§lg@‘gﬂg} ?r?éoj gjﬁr'ou o{;{:]%ahhr%uasf t%%es%%hals between
the steel pipeland coxtoreteakesatwinler trecgfiouiids! gurmtpctfthelvight pregsusagreut pundpeis used, the
potential l6akage, g AEaut LN GHIEJPHShIRMALSHRLY Ihe JLPH BT IS il mean the grout
pump will have to be active during the curing operation ih order to make up for leakage, which leaves
the potengi@dtfor the grout to cure in the pump, both mining the pump and resulting in pipe having an
insufficient level of prestress. [0009]lt is, therefore, desired that a pipe construction and method for
making the®sme ba devealnpeg-thatisttapablaptdpsoyipinga desireddevedsof facopeariies such as pipe
stiffness and internal coaréosion resisfance that matches the typical Eypiné% n Tg(gﬁ%e?{s service life
offered b)?ycsocn%ﬁ%iaﬁé COP 8 condrstd fined steet plpé’. it |$%r% er'dedired that Stch pipe
constructiboni Ecetipd entf frouidingr atdesiredrdengrearisfopretddtiome frbmsexctigripaliveyrosion and
cathodic INRIIRIeREsedn Sl Juhsr deRiteshingt sHERPRAKRORSICHENBRMaRIagiured in @ manner
that is both cost efficient from a raw material perspective, and from the amount of time and labor
involved ihangakifiéeTiarsa e B IR RYEO FEPHEN NWENTI ORes that have been installed

nearby. These new pipes may be cathodically protected, and the stray ground currents

introduced from the cathodic protection can cause corrosive currents in the PCCP. Asa



100101According to a first aspect, there is provided a pressure cast lined steel pipe that is placed into
fluid transport service, the pipe comprising: an annular concrete or mortar liner forming an inside
diameter of the pipe; a metal shell surrounding the liner; wherein the liner is in direct contact with an
inside wall surface of the metal shell, wherein the liner is in a prestressed state by the metal shell in

an initiaretate pridrarpiseiserrdisrre @ IntBdiuRIraa B pBRr sSEREBISa TN RS PRl SHEES of the
liner in 3 final;state wheprplagedinta AuidiiransRartispivice isne asgriialiy. elipinale dof004Baltccording

to a second aspect, there is provided a pressure cast lined steel pipe comprisinal:qan annular concrete

or mortefORFEATBUNRTHECEAINSTddca] AR e FERdsRsE; MRS BIReIMduRot enY deadsae &hhaving a
wall thickmess of ahowt £ Qerle: R BRches MINGRiR e NBE kas Awallithickness that is about 10 to

50 times that of the shell wall thickness, wherein the liner is in direct contact with an inside wall surface
of the metal shell, and wherein the liner is cure%}ixn situ, against the metal shell by direct contact with a
fluid pred4f¥ing @@amr&?ﬁh@fwﬂ% O PR T A R SRR SESI IS PePRTE ER%R. 10010bl
Accordingute atthinstasrect thereisrprewidatha methedtotdrakingrmpressdiepsasblisedstael pipe
comprising the ster?s of: delivering a volume g{@ concrete or mortar com%?ljition into a mold formed

a

betweerf& hHORAEHetP Ao AR 2N BURSTE tiaatel BT Th SR A HREMBET SIBRy IR

diametep; suhjectingrthe compasitian tipa Rrehsisrehéorerctorexpandniie neiptshalh Wheseincthe
pressure force is provided by a pressuyized fluid. that is.in direct contact with a surface of th
ComposTh TRIRAZG T YESbIRE Tofke BRLIH S CBE TP nomtar SRSBLTLA T HE AB B ed a

degree @ifgurgtp forprdeancseitgr mertardine!, tvhesaiortne step of naleasiey spusesihe metal shell
to impose a compression force ontq the Iin%r; a remoﬁngﬁqtﬂe movable core member from an inside
(Y YEhBre ik iR

diametePSFHE IFIRFHEPRSEIRRording td HaLp& UANTPHELER BEREE Gssembly

for makingtidinedisieahpipe corspisirgg@wybsptigall metal soeltslefiting ke erier pedieatakéhe pipe;
a base membher operativ onnected with a bottom gﬁrti%n of the.metal sher[}];%a}%ﬁ? member

|
operativefg R SIhEETRd ietzeg B pBMOTCEFIHE FO&Tal ShEIF S FIRREFH B e sRIGTEY

concentgealtygnwardlyselitheerpetatshiclkahnsaviulanchambe cioemad tisiwesil (hebneialgbell and
inner mold member for accommodating a volume, of a copcrete or martar composition therein; and
means BYFRrodBSnG A RAY RS SIS iR AR B o the ASTY L8R B & PREFANAA & surface
of the cengeete aniReMPr LOMARSHORMIAdalse dheheqrapasiiofvialexpand thetnetal dlrekmherein the
inner mold member%iameter is redugible.once the com Qsiti%% has reacpe a determined degree of

cure. [O%ﬂ%d]uﬂ‘(%s PP TR eEhiap B R R HIR G A PS MBS TR ARHE SF TSI Ention comprise an

annular concrete or mortar liner forming an inside diameter of the pipe, and a metal shell surrounding
the liner[000&]liner isimn tieedtbrantasrittharrinsidecorsiisetifacends thehneétirsheljrantherartiner is

placed ing sl oL eIPIESSIARRTB e sl Foe 1R oF 1 ypan e lne

SonalLihigkness Hg%t
and the metal s Is in the range of from a :1t0 80:1, an rg ergélyuf?om fﬂ) ut 10:1to 50:1. In

an exanpié artrodlinentsike weslisthicikntss ohatebendiad shigitas mithieum 50 year service life
offered by conventional PCCP or concrete lined steel pipe. It is further desired that such pipe
construction be capable of providing a desired degree of protection from external corrosion
and cathodic interference. It is still further desired that such pipe construction be
manufactured in a manner that is both cost efficient from a raw material perspective, and

from the amount of time and labor involved in making the same.

SUMMARY OF THE INVENTION

[0010] According to a first aspect, there is provided a pressure cast lined steel pipe that is
placed into fluid transport service, the pipe comprising: an annular concrete or mortar liner
forming an inside diameter of the pipe; a metal shell surrounding the liner; wherein the liner

is in direct contact with an inside wall surface of the metal shell, wherein the liner is in a



range of from about 0.06 to 0.75 inches, and the wall thickness of the liner is in the range of from
about 1.5 to 10 inches. The wall thickness of the liner can be from 10 to 50 times the thickness of the
metal shell depending on the particular pipe embodiment and end-use application. If desired, the pipe
can further comprise a coating of dielectric material disposed along an outside surface of the metal

shell. [oRIestTRfeSgipEscarbydblicaaby) sl ia Mblaisebatatsypiiat 18 spechaipeolswdcrid idcilitate
accommodating aesireshlneiRHG, RARCISI L MRS Rastion ks Whiecingshg,ppme to a
pressurizing force calculated to impose a desired stressing force onto the metal shell. In an example
embodirféntpaticispise ssasseimboehuioéring a volume of the concrete or mortar composition into
a mold foinied between a metal shell along an outside diameter and a movable core member along an

inside dipyeda]. The:padied eompesiionipsubiacieddmr pressurptarcedeaxnand thesmgatal shell. In
an example embodiment, the pressure force is provided in the form of a pressurized fluid such as

water, WHEPSIISIRE' pra SIS CRERISE AIh QR At B6h EoEt iRk the St B potited®6nibosition.

Once a desifecheegies-ahaiie dseashieved, Rheipsessuie BIeRissenayest caosing e mekakshell to
exert a desired compressjon force on the concrete or mortar liner. [0012]In an example embodiment,

the mold"REESMBT dBHTHNEES Akt ERRTH el SR P Wbfn el tHE Rt tottdPp aidh Btthe pipe,

a base mpobesdhahisopalativelyi sonaesiedwithcasbaiiamingdaion Of therspetsdt shaleandraliop
member that is operatively cannected with a top portion of the metal shell. An inner mold member is
positionéa‘ﬁgﬁﬁéﬂﬂi?é?ljlmésrcﬂ‘%?? ReSHb A PR TSR LORCHARESb SR R RS formed

between,taesnpiabshelliandietaaldmanber for aseeaynesaingdoohynas el aLenenete or mortar

composition therein. In an example embodiment, the inner mold member is capable of reducing in

diamete ommodate removal gf the pressure cast li pipe from the mold after formation. The
ssombl IRy CASSOTABE K radid foh e e AN AR g RS TAe £LCT S Soater. into
the moldiandl efitd psurfacepithe abacsetpsopaitiveomgpesitidnme calise dveccoem positianito expand
the metal shell; 100131 Pressure castlined stes! pines gegorging (o embodiments,of s Jayention
provide a dasired eve otaplpe Stiffness and internal Corrosion resistance that matches the yﬁical
minimurnmb0apéarcservieerifer offengchbyicodvehtiortP @GR dingpticretentipedtste ebpapprekumther, such
pipes aceording o empediments.of s nventien are. capable. of providings desired degree f
protection from ex ernaf Corrosion arid cathodic mterterence. st urther, pi espaccorcﬁng o]
embodirfents of tiisimventianh vah betofmedhthdngapedticedrdledd@g the pressure force after
2009/1381%7(43{&%;'/%)%;On(})g%/_pa@%%nl g1stiatal S eSII or,steel.pip wrall tg'#cknres t%?f}/ éesuléing irn a
desired savings of raw ma erial COStS, %?‘3] Dalgglé%?ﬁ:’?l W OF THE DRA S [B“(?isz‘r hese and
other featomnts dimetrachvizeTtany éscosttipeqpredemtingy emticn Witl betappreliatetnpsthe samprbmsames
better qulerstoceg %ﬁeﬁ;erencg to the. foll%vgi]%% ‘ga%failed descrigtiog, when C%Q%ddelred in c%r%ﬂgction

. OrCe o1l 51’ angd remoevin € COre mcemoct Iront an in ameicr ¢
with the accompanying drawings whereéin: _

liner.

[0010c] According to a fourth aspect, there is provided a pressure cast assembly for
making a lined steel pipe comprising: a cylindrical metal shell defining an outer portion of
the pipe; a base member operatively connected with a bottom portion of the metal shell; a top
member operatively connected with a top portion of the metal shell; an inner mold member
positioned concentrically inwardly of the metal shell; an annular chamber formed between
the metal shell and inner mold member for accommodating a volume of a concrete or mortar
composition therein; and means for introducing a fluid pressurizing medium into the mold
and into direct contact with a surface of the concrete or mortar composition to-cause the
composition to expand the metal shell; wherein the inner mold member diameter is reducible

once the composition has reached a determined degree of cure.
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100151FIG. 1 is a perspective side view of an example embodiment pressure-cast steel pipe
constructed according to the principles of the invention; [0016]FIG. 2 is a cross-section side view of an
example embodiment process that is used to make the pressure-cast steel pipe of FIG. 1; [0017]FIG. 3
is a cross-section side view of another example embodiment process that is used to make the
pressurd{tdidteel pipest cis. linghds[0018iFtS. rtordivp sk setiodisidetview dfianotreatioxample
embodirgeRlHACcESS 1AL Usrd:10 Make e ST EasLSIREI R BTG
DESCRIPTI%)N [0019]Pressure cast lined steel pipes ( PIC,%PS grﬂ% %?%gilelt:dp%lrthr%&ﬁlg the &ame
according¥sipisipiscungiagibefitien, Ebmbﬂ@elalmwét@@ﬁmbwahlmm is8lstotmeded by a
metal Shgl AeriPeh A and SN NG RSP LLUEDIPDIG SLRISPHEIRNALIRR AP PERRSI the

conventional PCCP described above. The ratio of liner thickness to ness can and will vary
dependiffthp Wl aitleus kaiykractiadidesign feqynirseheimt &nid/Oroperferrmiifioercriteicd dalted for by
a particulg! end sk ARRIcAR: asdersibedin 0rapter delaihelon BhEalAfRAE Alauch.PeSP
constructions is that they are made according to one or more different pressure casting fec nigues
that proﬁﬁﬂlﬁﬁﬂﬁ@ o asisntbe the concrete or mortar liner in situ during the process of prestressing
the surrounding metal shell and resulting pipe construction, thereby avoiding multiple steps, e.g.,
involving separately forming a precast concrete or mortar liner that is combined with a metal outer pipe
shell for subsequent stress inducing treatment. As used herein, the term "in situ" is used to refer to the
fact that a concrete or mortar composition (that is used to make the concrete or mortar liner)

3b



WO 2009/139974PCT/US2009/039091 is being formed and cured at the same time as it is being
pressurized for the purpose of placing a surrounding metal outer shell or steel pipe in a stressed
condition. [0021]A feature o Ps_qf this invention is they are constructed. in a manner that
prestresgael[té%oejfrﬁg?élas%%)gﬁ é\?l ??% ({:]Zﬁc%rel SO arﬁ%r%a? I‘l"ﬁ%ﬂrats%ﬁg gtot’ﬁtg"%stl@éﬁrsﬁé%gg “Wki%be
increasefidny #tarmalFluid pressiese Without fehichhdalettfieUusiyctackindgidie linas Furkhes the
presence of a compressed concrete or mortar liner also helps resist transpqrtation, installation, and
earth loads when p a?:heed ?ﬁ?%glsesﬁ\ﬁ%?e.gglggkusgo? ?hitsﬁ?n é‘ﬁgfg‘lﬁ%aﬂl%?sg%go EAEL gfumber of
dielectriemoatinigs, thedetyedrobidimee adeirdtlievelpi exiarnaigpubdsidepriotectionalhipeliminates
the prob!ﬁrr}_)1 ogg%{gg%igsig}gggrgﬂ %g%{lﬁ Q%?[by pipelines and transit systems, and the steel used in
this type of pg1pe would Rave much 1ower yield stress than the prestressing wire and therefore be much
less susceptible to hydrogen embrittlement while under cathodic protection. [0022]FIG. 1 illustrates a
PCSP 1808dhktructd adpetdirygfupehdiplesad thisiddensionbhetiatallyspopidtisioenstopliettical metal
or stee! shieflf8SIGLAPBALIALHE! JRH0A! SUURUNGP B NORLIE” dd [ormed o adesiiag concrete
or mortar composition. The innér liner 14 is disposed concentrically within an insidle diameter of the
shell 12 sabigdhrrtlexatmsidcemibodirmentdJarcdicesubuadsier nittvshe dheilied stradsare fsme wthver type of
intermeqiale,materiah atls ismesedpeiwesh Gelngrandheshall [ORF3LING PCREA0 pcludes a
bell shaped end 16 that is attached at one axial end 1%% theep?pe 1§ g%%%aﬁ é%%n(g%t 35%§?sogttached
to the oppoditaeits 2 shenpipETIOsitios spigot 200kl desigeddttavey armstbstdindteesired and
shaped ipdtiatbiadepelaharad et 1600 anathst PiRg, 2t MELHIEHORR AL MO ARG drooves
22 disposed circumferentially therearound that are configured to accommodate one or rmore annular
seating AYERIDEIEOBr Kesi®ierisdotona PrIGHR) ferspetstivalerikidin rocprovidd a desiredteaipkight seal
beween adiansl-RInR s tbaRel prdaniaa'snds KAt 30 rane EPRIGNEGINS sarte o

similar to those used with conventional steel pipe, and are attached to ends of the metal s &lf by
approprigteidldtiecmrsseizae Seiding rataetserintarcortdormvathfrom smélastorhelic mateeihl. Other

joining techniguasHsegdor coRvantionaLIeRPiRg. _%yc&ﬁ%&@a%8;%@&%1{@‘?&&“&&%9&%“ ends

or other differently configured ends, butt'welding plain end pipe, or lap welding steel pipe are equally
adaptabteusrcsrngalabeltth e imbe dsarrdaisimprpsordones skillbel ¢antretartrohstéel lpipe design.
WO 2009/139974PCT/US2009/039091 [0024]While an example embodiment of the PCSP illustrated

in FIG. Jossowniwish spasific bmssdhendsmitisla basnesrstorsHhat.RGERs efithisinygation can
be conf(i?%ured having different tg/?pes of ends as called for by the particular end-use application. For

examplé hdBEEHRE AL QUTHPARYY (1 the R HPAE BeimBE EaldsCREr 3R cBIREh be can
be butt welHedb e feldoRit SrR1IaMeRAVaGES Bk ienshie filihe sieshiing QbhiRadapiweld in the

field, or it can have a swaged hell, including a sealing groove to seal against the steel pipe OD, or can

have a rdIRRBIYS GobeE &pighBetoian HgRt MUdHEBPE WaysHaratscrrsarmcalin fovwsdy (swaged

into the pingevalialltieto he unsarstondthatPGRRECansnGedaesendisaiPINcRlas ok s
invention can comprise all such noted versions. [OOZS]Qgr_\gother feature of the PCSP is that the concrete

or mortdPfhEEs ROMREEHFR T8 SrearepRd b &ompi BEROA! BriviE Sk MERELFIRPEsHMleted pipe

in an appligation desiinatianptsgenli@iedie piparisdransrorieshang hudgshsrmer depthmdthin the
ground, by operation of the metal shell 1i aﬁting directly on the liner. In an example embodiment, the

metal sHEAMSTE L SSET R P HRYRL O HURM P IRS Pio st BrecatiRg, frem pbrimg ¥hattiring, the

liner 14 foreniannermplacingheyinerpaceoamsacl 2 desiedsiateradronpressiNjRmestiadesired
pipe perforgnance criteria, e.g., to. mee} a particular end-use application.
medium, such as water, into the mold and onto a surface of the concrete or mortar

composition to cause the composition to expand the metal shell.

[0013] Pressure cast lined steel pipes according to embodiments of this invention provide
a desired level of pipe stiffness and internal corrosion resistance that matches the typical
minimum 50 year service life offered by conventional PCCP or concrete lined steel pipe.
Further, such pipes according to embodiments of this invention are capable of providing a
desired degree of protection from external corrosion and cathodic interference. Still further,
pipes according to embodiments of this invention can be formed having a reduced

4



[0026]The thickness of the shell and liner for PCSPs can and will vary depending on the particular
design/performance criteria and/or end-use application. A general feature of the PCSP is that the
thickness ‘o'f &r(l)ezgtg 1;';939%” is much less than 'ghat .of a convgntional steel }p#'i;}%g%gog {E%t&gi)mpris.ing a
concrete liner undér compression). The combination of a thinner steel shell with a‘thicker liner in a
state of compression allows the use of D/t ratios that are not otherwise possible with conventional steel
pipe, whigiwbtmllipavistbpina e fecisiy: (HeBistandt REABIME Y HStBRABE IS St E¥these higher
D/t ratiogyzIfie thinner steel shell can now be designed using higher design stress without
deleteriously cracking the concrete or mortar liner at operating pressure. The use of a steel_ shell as

contraste iQni ' ires in a PCCP places the liner in a desired state
ﬁ]&?ﬁ%@"cﬁﬂf’ﬁﬁﬂ Of (‘;‘gﬁiﬁfﬂs {AWINGS

of compression with a much more'r ure that can be made more resistant to exterior

corrosiongpgsthat pipvides 3 failyte mechaniamihatis MAreRIgdigiaklgidhan fhe. tensioning or

prestressing wires. [0027]For example, when the tensmnmgéor prestressing wires used in conventional

PCCP faifRRIs! &his i aredsienmpebreisuesrisahbyigitsrcse drdshrassiretsite on the

concrete HagkWBIChEaUg Ralksa) ansudden il efdhecpippadyithendhesearif.af WO
2009/139974PCT/US2009/039091 broken tensioning wires is difficult to perform while the pipe is in

the groun@ SP Is invention has a.failur gch IS, I li [0} Q sie | piRe, i.e., one
characterzgl(i:l)”‘%y a %{ré!;juiaﬁ ?egflzs Sét%‘ﬁ?éhdgeh‘“t Vgﬁeglfﬁgﬁ%gt (éggdgot &e%ta{?t ?néassﬂ? %F;en loss of
compresgiar tonkeuctdaerr Gngio iz timeripiad Oihe mhanban:be readily repaired in the field by the use
of an external metal patch or the like by welding process. [0028]PCSPs constructed according to

principles|gfthjs iNv@GLioRsCOMPESERGOHEHSIR W LMAIREHNEE enbedeRAtRcstsenndingsnetal shell or
steel pipe. Thef( reéative thicknesses of thegiﬁ&a%r th the shell can vary depending on the engineering
S

design crﬁéﬁlg, it eﬂ?ﬁ?&%ﬁ%ﬁﬁ%ﬁaﬁﬁ@ are used, and the desired performance properties. In an

example embodiment, the ratio of the liner to metal shell wall thickness can be in the range of from
about 5:118980:1, dAé prasaratsissiseetion sidge sprdnatsue1ont koentadimeat fisiecss shnyth range for
the liner will.be,from. 3Ropt3,0Q0:1Q: 1J06,p s Mith A Rigstress range on the liner from about 500 psi
to 6,000 psi when the internal pressure is reduced to zero and the stress on the outer steel pipe is
partially t:@g%zrredg the. concrete or. mortar core, fThe ﬁ\llowablel d(‘esi:%%stre? on the steel shell could
range from about 25,00 ?odﬁf’ﬁf)éeﬁslﬂndge%%ﬁlﬁmﬁ on ‘fﬁg}gﬁﬂ%}%& E)?lesslifrné: Ta ﬁ]ogc eé’%ah e yield of the
steel usedsaithenalitethsteeksheltafdOReGeneBlN. Speaking, it is desired that the liner or core be
approximately 10 to 50 times the thickness of the metal shell. As an example, the cylindrical metal
shell can itiplyihesiiessadiiorgbeyt 42,000 psi when under pressure. This is twice the current design
stress for steel pipe, resulting in a steel pipe wall having about one half the current wall thickness.
Because gigeedrepresanisdbasniaiar snateiiak ¢osision thadpipehsedagingithe walkihiekness of the steel
component in half for the PCSE, represents a substantial savings in raw, matgerial costs. 100301The
reduction - Qiameteror fie fner, col?ér%lrlfﬁlhéxrmﬁppg%ﬁg? r'CeIeéaesmg e casﬁng pressure during
formationsof thex®®Q SPawikk dbpetidostatieitickne ssoadidgtiotwas it thewo s theesthickmegss of the
metal shell pr.stegl Dine Angh e, Amannk stetesnihe Alesl whileudsr he: easting prgssure. A force

balance is set up between the steel cylinder and the core (i.e. they are two springs opposing each
other). Thédhdngeesssunimnihvtie eayelenerdingsend o pie: e spgader s alps ignRILteaIpipe. A series

of eq uati%@%g&%ﬁﬁéﬂ&@ lematehiibese oritesiaSHenerauationsatadouidedhalow for reference for
an exampé?ezg:r dlgtaQIal\)/é?o%v z‘;m 84 inch inside diameter.

[6920] A feature of such PCSP constructions is that they are made according to one or

more different pressure casting techniques that provide for the formation of the concrete or

mortar liner ih situ during the process of prestressing the surrounding metal shell and

resulting pipe construction, thereby avoiding multiple steps, e.g., mvolving separately

forming a precast concrete or mortar liner that is combined with a metal outer pipe shell for

subsequent stress inducing treatment. As used herein, the term “in situ” is used to refer to the

fact that a concrete or mortar composition (that is used to make the concrete or mortar liner)



84-inch Class 150 Pressure Cast Steel Pipe The manufacturing process incorporates pressurizing the
outer steel pipe and 'mold during the casting and cure of the concrete fining. Pressurizing the mold

places the outer steel E)ipe into tension during the casting process. When thelPressure maintained
duri WO 2009139074 - : . : PC TUS2009/035091 ;
uring the casting operation is released, the outer steel pipe will shrink down ontothe concrete liner It

will continue to shrink until the force in the concrete liner equals the force exerted by the steel pipe.
The f011&Wirigeliaasaadcandadbasens the esice PRrgmcenyirrs Porersreyedperun.itEquation(

) Fa Steglpenrtnithengitimesil.PlealEquUatinont) Rt eeanciaiepsilinghen th = tConcrete-gtoncret
Equation (3) Substituting Equations (2) and (3) into Equation tSteelCFStcel = 1Concrete*lerete
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prestresses the metal shell with a concrete or mortar liner such that the steel stresses could be
increased by internal fluid pressure without fear of deleteriously cracking the liner. Further,
the presence of a compressed concrete or mortar liner also helps resist transportation,
installation, and earth loads when placed into service, PCSPs of this invention can also be
coated with a number of dielectric coatings, thereby providing a desired level of external
corrosion protection. This eliminates the problem of cathodic interference from nearby
pipelines and transit systems, and the steel used in this type of pipe would have much lower
yield stress than the prestressing wire and therefore be much less susceptible to hydrogen

embrittlernent while under cathodic protection.

[0022] FIG. 1 illustrates a PCSP 10 constructed according to principles of this invention,
generally comprising a cylindrical metal or steel shell, casing, pipe or jacket 12 that
surrounds an inner liner 14 formed from a desired concrete or mortar composition. The inner
liner 14 is disposed concentrically within an nside diameter of the shell 12, and in an
example embodiment is in direct contact with the shell, .e., there is no other type of

intermediate material that is interposed between the liner and the shell.

[0023] The PCSP 10 includes a bell shaped end 16 that is attached at one axial end 18 of
the pipe 10 and a spigot 20 that is attached to the opposite end 21 of the pipe 10. The spigot
20 1s designed having an outer diameter sized and shaped to fit within the bell shaped end 16
of another pipe, and includes one or more annular grooves 22 disposed circumferentially
therearound that are configured to accommodate one or more annular sealing members or
seals (a shown in FIG, 2) respectively therein to provide a desired leak-tight seal between
adjacent pipe ends. The bell and spigot ends 16 and 20 can be configured the same or similar
to those used with conventional steel pipe, and are attached to ends of the metal shell by
appropriate weld technique. The secaling members can be formed from an elastomeric
material. Other joining techniques used for conventional steel pipe, such as those using
formed bell and spigot ends or other differently configured ends, butt welding plain end pipe,
or lap welding steel pipe are equally adaptable to PCSP, as would be understandable by

someone skilled in the art of steel pipe design.



teelCasting ("IStecrConcrete ESteel.ConcreteEquation(8) Substutiting Equation 4 into Equation 8:
'teelCastingeeltSteer Steel ESteelteoncrete’EConcrete ( aSteelCasting - Steel
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[0024] While an example embodiment of the PCSP illustrated in FIG. 1 is shown with
specific types of ends, it is to be understood that PCSPs of this invention can be configured
having different types of ends as called for by the particular end-use application. For
example, the PCSP can have joint rings (in the form of the bell and spigot as shown), or it can
be can be butt welded in the field, or it can have a swaged bell to slip fit the steel pipe OD for
a lap weld in the field, or it can have a swaged bell, including a sealing groove to seal against
the steel pipe OD, or can have a rolled spigot groove (spigot rolied right into the pipe wall)
that fits inside a swaged bell (swaged into the pipe wall). It is to be understood that PCSPs

constructed according to principles of this invention can comprise all such noted versions.

[8025] Another feature of the PCSP is that the concrete or mortar liner 14 is placed in a
desired state of compression, prior to placement of the completed pipe in an application
destination, e.g., before the pipe is transported and buried some depth within the ground, by
operation of the metal shell 12 acting directly on the liner. In an example embodimment, the
metal shell 12 is stressed a desired degree during the process of casting, i.¢., pouring and
curing, the liner 14 in a manner placing the liner once cured in a desired state of compression

to meet a desired pipe performance criteria, e.g., to meet a particular end-use application.

[60626] The thickness of the shell and liner for PCSPs can and will vary depending on the
particular design/performance criteria and/or end-use application. A general feature of the
PCSP is that the thickness of the steel shell is much less than that of a conventional steel pipe
{(ie., not comprising a concrete liner under compression). The combination of a thinner steel
shell with a thicker liner in a state of compression allows the use of D/t ratios that are not
otherwise possible with conventional steel pipe, which would have too much flexibility to
resist the handling and installation loads at these higher D/t ratios. The thinner steel shell can
now be designed using higher design stress without deleteriously cracking the concrete or
mortar liner at operating pressure. The use of a steel shell as contrasted to the use of
tensioning or prestressing wires in a PCCP places the liner in a desired state of compression
with a much more robust structure that can be made more resistant to exterior corrosion and
that provides a failure mechanism that is more predictable than the tensioning or prestressing

wires.

[0027] For example, when the tensioning or prestressing wires used in conventional
PCCP fail due to exterior corrosion the result can be a sudden loss of compressive force on

the concrete liner, which could cause a sudden failure of the pipe. Further, the repair of



Assume the following criteria for a pipe design: inID of pipe SMYS := 60000-psiSpecified Minimum
Yield Strength of the steel in the pipe wall Operating pressure Thickness of concrete core Co:=

4000000-psj I f concrete Este30000000-psiModulus of steel IDSDPR g D of Steel
Pipe to prod%:%géﬁp&é%%gg pipe ID IDsteei - crSteclDesigi0.72- SMYSAIIovg\?é:?il}l?éﬁas @é}fﬁé?ﬁfess for steel at

72% of SMYS gsteemesign = 4.32 x 104-pi _ o .
broken tensioning wires is difficult to perform while the pipe is in the ground. PCSP of this

invention has a failure mechanism resembling that of steel pipe, i.e., one characterized by a
gradual leakage through the steel shell that does not result 1 a sudden loss of compression to
the conerete or mortar liner, and one that can be readily repaired in the ficld by the use of an

external metal patch or the like by welding process.

[6028] PCSPs constructed according to principles of this invention comprise a concrete
or mortar liner or core and a surrounding metal shell or steel pipe. The relative thicknesses of
the liner to the shell can vary depending on the engineering design criteria, the nature of the
materials that are used, and the desired performance properties. In an example embodiment,
the ratio of the liner to metal shell wall thickness can be in the range of from about 5:1 to
80:1, and preferably in the range of from about 10:1 to 50:1. The typical strength range for
the liner will be from about 3,000 to 10,000 psi, with a prestress range on the liner from about
500 psi to 6,000 psi when the internal pressure is reduced to zero and the stress on the outer
steel pipe 1s partially transferred to the concrete or mortar core. The aliowable design stress
on ih;: steel shell could range from about 25,000 to 72,000 psi, depending on the required

pressure rating and the yield of the steel used in the outer steel shell.

[0029] Generally speaking, it is desired that the liner or core be approximately 10 to 50
times the thickness of the metal shell. As an example, the cylindrical metal shell can initially
be stressed to about 42,000 psi when under pressure. This is twice the current design stress
for steel pipe, resulting in a steel pipe wall having about one half the current wall thickness.
Because steel represents the major material cost for the pipe, reducing the wall thickness of
the steel component in half for the PCSP represents a substantial savings in raw material

costs.

[060301 The reduction in diameter of the liner, core or inner pipe after releasing the casting
pressure during formation of the PCSP will depend on the thickness and modulus of the core,
the thickness of the metal shell or steel pipe and the amount of stress in the steel while under
the casting pressure. A force balance is set up between the steel cylinder and the core (i.c.
they are two springs opposing each other). The change in strain in the core must also equal
the change in strain in the steel pipe. A series of equations can be set up to match these
criteria. Such equations are provided below for reference for an example PCSP having an §4

inch mside diameter.



0.90,'SStress in steel during the casting operation. This stess should be at or below 90% of Spec_ified
Minimum Yield 'l:Ste:Casting - 4 104 psiStrength (SMYS) of steel. IDSteel”tswei := PressureRating,

" ' ' [ ure loads only el 156 x 1()41
2 (‘:rSteelDe‘,‘sflggﬁ&r}{gglﬁss of steel at allowable design stress for press re loads only ¢ 0
psi

d4-inch Class 150 Pressure Cast Steel Pipe

The manufacturing process incorporates pressurizing the outer steél pipe and mold duaring the
casting and cure of the concrete lining. Pressurizing the moid places the cularstest pipe info.
tension during the casting procass.

When the pressure: rmaintained during the. casting aperafion is-released, the outer steel ‘pipe wil
shrink down onto the concrete finer 1t will continue to shrink untit the force in the-concrete liner
equals the force exerted by the steel pipe. “The following eguations can be defined,

ForceSteclperUnithength = ForceConcreteperthitl.ength Equation( ]}
ForceSteelperUnitLength = Sieel TS ee] Equation{2)
ForceConcretepertnitlength = (000 oo T onerate Equation(3)

Substituting Equations {2) and (3) into Bguation (1)
{Stenl Tstoal & Lansiete 0 onerete

_ Steal TStee]

FConterete ™ e Equation (4}
oncrete
Az Conerete ™ D100l Equation(3)
Ae _ TCancrote S
=(oncrete ~ Ee Bquation (6]
~{Cohcrete

_ 7SteelCasting ™ TStes!

Aggia = = Equation{7}
Steek '
Substituting Eguations (8) and {7) into Enuation (5)
T8teelCasting ™ Stee) _ %Concrate
Yy = ' Bquatfon(8)
i‘Ste.e:{ LCo_nc_-rta*tcz (



aConerete et:lc/Steer Concrete stress in the zero pressure condition. This is the pre-stress in the
concrete after releasing the pressure in the mold: tConerete freencrett., 1.659 x 103psi

WO 2009/139974 PCT/US2009/039091

Bubstutiing Equation.4 info Equation &,

“SteelCasiing ~ “Steel _ 'Steel FSteel

Egreel YConcrete Fonerete

LSteel i1
1 B t B "TSteel
*Conetete *Concrete Steel

TSl = :
E"Stee?(

Assumes the fallowing criferia for & pipe design:

“SteelCasting |

ESteaI

TSteel Casting,

Sieel t 1

‘Conerete EConerets ESleei'J

l.DP'lQe = 34in

SRY S = 60000 psi

PressureRating = {30-psi
tConcrete ©= 411
Eronerete = H000000-pst

Dgieey = Dpine + 2 tronerere

Dy = 92in
TSteclDesign = 872 SMYE

N
TSleetDesign = 432 % 10°-psi

UStestCasting = 0-90-SMYS

[} .
TSteelCasting = 54 % 10 -psi

10

Equation{)

D of pipe.

Specified Minimum Yield Strength of the
steel inthe-pipe wall

Operating préssurs

Thicknéss of soncraete core.

Modulus of concrets
Modulizs of stasl

ID of Steel Pipe (o produce specifiad

pipe 1D

Afiowabte design stress Tor stael at 72%
of SMYS

Stress:in stesl during the casting
operation, This stess should be at or
below 80% of Specified Minimum Yield
Strength (SMYS) of steel.



.Comparisons of Pipe Stiffness for Conventional Steel Pipe vs. Pressure Cast _Steel Pipe Thickness of
liner on conventional steel pipe Approximate thickness of steel pipe. to mget Dit of 220 fo.r conventional
steel pipe d%?' N t§10.94%§-in konowt, 4000000.psi A§t 3000OQOO.pS| Sect&%}n%g&%%gﬁglmer Modulus
of concrete lihef ModUIUS of steel AreaY EConeretei LStl tLincl

m
Loteei = PressurERating, —
2:Ttenl Design

Steel

tSTﬂ'—ﬂ‘I = 0.1 59?‘“1

TSteslCasti ng'z'tSlet.%E

D Steel

CastingProssure 1=

CastingPressure = 1875 psi

Moy
DéverT e - Sheel
t31aal

DroverT = 376

Thickness of steel at allowable design
stress {or pressure fogds only

Casling pressure ai 90% of SMYS

Diameter over thickness ratio.. Maximum
altowable for current steel pipe design is
araund 220.

d ,
; 1 . P
TConereteOverTSteel o= Lonerete Generally i8'betwesn 10 and 50 to get
‘Steel practical levels of caricrete pre-stress and

TConcrateOver TStes! = 25.043

TSteclCasting

TSteel .
Steel .

1

Esteer’| - -
Concrete” “Congrate

. W
TGiant = +136 % 1D psi

F“-Steel)

thickness. Ratio can be higher or lower
for specific applications,

This Is the pre-stress:in-the steel
after releasing the casting pressure,

. _ "Steel Istcel Concrete stress in the zero pressure
Conerete. = Conerete condition. This is the pre-sfress in the

" 3o
TConcrete = La30 s 1§ - psi

11

concrete afiér releasing the pressure in
the mold.



Aconcre ESteellL,InerYenne te \ AConcrete = Steel Pipe Wall ESteel A. &MailSti Egteel YSti au:-
ASt. Vail ="23'in

WO 2009/139974 PCT/US2009/039091

Comparisons of Pipe Stiffness for Conventional Steel Pipe vs.
Pressure Cast Steel Pipe

For Conventional Stes] Pige:

t iigp = OhEn Thickness of liner on conventional stsel pipe

Wgeat + 2 s , .
T Steet - Liref Approximate: thickness of steef pips te meet D/ of
220 220 for conventional steel pipe design
gy = 0.423+in
Beianessnes= 4000800 psi Modulus. of concrate liner
Earopr= 30000000151 Modulus:of steel
Saction Azea ¥
B F iy 4ty
: . __ “Congrete ‘ 5™ "Liner
Concrete Liner AConerete ™ B U ner YCImmrete-;':L T )
Steel \ 2
ACOHCT{’?IE= 0,0_57‘511
Steel Pipe Wall A = “Suel . : e Ty
s TP SHWall = T g stpwal = v
Steel

ASG_‘;\"}IH = (:423.in

The sum of the areas can be raitulated as follows:

SUM preq = AConcrete. * ASuWall

St MA;’eﬂ = (1.489.in

12



The sum of the areas can be calbulate& as follows: SUMAren AConcrch; AStiwall SUMAreaill The
sum of the areas times the distance to the reference centroid, can be calculated as follows:
SUMYArea%Sr%%%'/Y%&gci te AS_tIWaIIYStIWaII SU.My Area = 0.031 in2 T&arﬂ@%lg&;%}he centroid of
the overall pipe vuaﬁ3 rom the middle of the steel pipe well (the reference position for initially assumed
centroid) can be calculated as follows: SUM , N Area PipeWall SUMArca Ypipewan = 0.063 in The
moment of Inertia of the individual layers about their own neutral axis is calculated per unit length as

follows: The sum of the areas times the distance to-the reference centroid, can be caleulsfed as
follows: |

SUMy ares = Sconcrese Y Concrefe * Asawall Y siwall

SUNty = {031 -Enz

Arva

The distance ta the centrold of the overall pipe wall from the middle. of fhe steel pipe wall (the
reference position for initially assurned centroid) can be calculated as follows: '

SUM Y Area

R P L dclochtad
PipeWali -
SUM g req

Ypipewal) = 006310

The moment of Inertia of the individuat layers about their own neutrat axis fs calculated per
unit length as follows:

3
Y iner
12

I onerete =

I
feonerere ® V01-in

3
gy
ES‘i-EWal% = 1n

» n

- et B

;Sif“fﬂ” =6285 % 10 +in
The sum of the £l values for ali fayers Is caltulated as follows;
Bl et 7= B ‘-[l oty A e v = Y d)
Conerete ™ “Concrere’| *Concretg ™ Lmer-( Pipewall C?.‘oncrctz:) :

Bl conerete = 3593 X 107-ineIbf

. o _, 7]
Elgywan = LSteer[ismsfau g Ypipewwall - YS’t‘iWaI]):l

Elg gl = 2389 > 107 in- bt

E["I‘ntalF‘-Ech-aI% i mf)mwrem + Elgyway
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3 trAnor 'Concretel2 C oncrel0.01. if Wail 6.295 x 103 The u of the El values for all layers is
calculated as follows: EiConcrateC - etc: jeoncrete ttinel:(YPipeWall YConerete EIConcrete93 x

105.in.Ibf El\ﬁg ':g teellSERVallStl(YPipewall YStlwal)2] Elsa Wall = 2.389 x 6-59indbr
EiTotalPipe alﬁ!:JP o%%?éte El Wall WTota d T/U52309/03 1

BI‘TotaH’ipeWaH =5982 % 1.0'5-i'n-. IbE Thi:sthe total "_EI" valus for the pipe wall. This value
_ must be substitated intc Equation 5-14 of AWWA
Mariual M45 to propery caleulete overalt pipe stiffness.
Deentroid = ml’i;oe‘ + 2“t.'L_in'er + tSﬂ_ - 2-’YPi;mWa§'! C?ﬁ.fm.id dlameter of the conventionat
stesl pips.
DC.GH‘,F.OT(} = 8329730

Pipe Stiffness, PS, is deterniingd as follows ulilizing ASTM 2412,

" _ Elrgapipewal
TConventionalSteetPipe = T 3
0‘149'{ Ceulro;d}
. .2 ;-
PSC‘.anentiona!Stec%f”ép‘e = 51.758.psi Pipe stiffness for convertiona! steel pipe
For Pressure Cast Steel Pipe:
type) = 0,160 Thickness.of pressure cast stegl pipe from above
Iswi= ecel Set thickness. of steel to varidble name used below
IConorase = 4410 T,hickness of concrete liner in pregsure cast steel
pipe from above
iCon * oncrete Set thickness of corigrate to varishle name usad
befow
Eonom= 000060 psi Medulus of concrate finer
Espsel= 30000000-psi Medulus of steel
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pWali = 5.982 x 0 -in.071- This the total "Er value for the pipe wall. This value must be substituted into
Equation 5-14 of AWWA Manual M45 to properly calculate overall pipe stiffness. ID - CentrotclPipe -
Liner 1)Centroid in St1 2'YPipeWall Centroid diameter of the conv WF teel pipe. Pipe
Stiffness, P ,(I!)SI geg'[?elgr%‘ijlr‘{ed as.toRows utilizing ASTM D2412, e ITo é?ﬁﬁl%e all
wentionalStL'cIPlpe( 0.149 Tkentroid PSConventionalSteclPipe = 51-758'Psi For Pressure Cast
Steel Pipe:

Section Afes Y
b 1 . “Conerete 't * ioon
Goncrete Liner Oeiveatsi™ ““%-_“‘“"'t(iqn Aanorate,= ( '
e . z
Atonerete = 0-333-In
Stee! Pipe Wall A - Esteal
' SR L ——— st Gnun
Bieel

Astiwafy = 0.16-n

The sum of the areds ¢an be caloulated as follows:

2¥M Aree’™ AConcrete Astiwali

SUM o = 0.693in

Ihe sum of the areas times the distance to the reference ceritroid. can he caltulaied ag
follows® o '

RhY)

A reaT ACOI]{)FCYE'YCU]IG:‘&-‘J’[& ¥ ASﬂWui}'YSt]Wail

‘ T
SUMY_ Area = L1309 in

The distence to the centroid of the overall pipe wall from the miiddle of the steel pipe wall (the
reference position for initially assumed ceniroid}) can be calculaied &sfollows:

SUMY Aren
R TR PRSP ot o
7R Lf{f_.‘.@s‘mé’ﬁnj-f g U-bfjj\ ren

Yeipewair = 1601 in

The:moment of Inertia of the individual fayers about their owh. heutral avis s
unit langth as follows:

) 3
Com,

2

caleulated per

AGeneme ™

.
.

s
'Concrete = 3-333-in

-

o5
| sy
AUl = T
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isted - 0.16.in S11,;= [Steel [Concrete = iCon 72' [Con cry4000000psi Ated,:-= 30000000.0 Pipe
stiffness for conventional steel pipe Thickness of pressure cast steel pipe from above Set thickness of
steel to var@p ed below Thickness of concrete liner in pressure,c ﬁ}si ng [ﬁ-from above
Set thickness ofzconcrete to variable name used below Modulus of concrete liner us of steel
AConcrete = (1533 4 Steel Pipe Wall

-

. Isuwa“ = 3396 % 10 q‘il'!:j
The sum of the El valuss for all layers is calouwlated as follows:

[ o
Heonerte'™ EConcrete! 'oner ete * ‘Con {YPlpeWali YCUﬁCF‘&tG}

Eltoncrete = 2-501 10 -in-Ibf

Elsaniait™ Esreet [ Iottwall * Ser( Y pipeival = Ysuwan) ]

AlTatmibipeneis® Floonerete * Flsgwall

E5"l"ata1'§’ipewa;; = 3729 # 1‘(}_7'in-tbf This-the total "El" value for the pipe wall. This value
must'be substittited into Equation 5-14-of AWWA
Mantal M45 to properly-calculste. overall pipé stiffness.

Renpeid™ Wpige + 2icon * tsg— 2 pisewsali {Centroid diameter of the pipe))

Deontroid = 88.959:in

Pipe Stifiness, P8, is determined as follows uglizing ASTM D2412,

S Elroraipipewali
PressureCastSteel Pipe ] s Kl
S _
s, ( mj
2
& . 3 ’
?5I?.mqsure(”.astﬁteei!?ipe_m 2844 % 107 -pyl Review of the two pipe stiffness values shows

the new pressure ¢ast stes| pipe will be mugh
stiffer than conventional steel pipe and much

PSCunventionai-smelI’ipe = SL.738-psi m ore c‘&ipabile Qf_ Zs'up,port‘i'ng_ pipe handiing,
installation and garth loads
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ESteal -rt5t1 Steel 0™ AStlWall = 0'16' The sum of the areas can be
caltulated as follows: t'fSir;"2.10,Asza: :oncre AStIWall SUMArea = 0.693 1n The sum of the areas
times the d| é eference centroid, can be calculated as follows: (,7

T/US2009/03909
.1Weedn'TN.a.ec oncrete Concrete SUNIly Area = 1.109.i]? The dlstance to %ﬁe centrolld of the
overall pipe wall from the middle of the steel pip reference position for initially assumed centroid) can
be calculated as follows: StIMYArtm

Changsg. in Concrete Height During Pressure Casting;

PipeLength := 24.11

USteelCasting Dgan N
Be T =T 1Dgieqr Pipelength
- Steel =

DeltaVolume =

DettaVolunie = 3.980-f

b _.,.".: Aol o
Deltall = —e DeltaVohume _

32 N
( Dateql ) [E}Pipa‘)-

DefaH = 6.93%in Drop it height of conerete during the pressure
casting operation.
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SUM Area PipeWat601 n The moment of Inertia of the individual lay unit length as follows; 3 'Con
Aleneva :" 1Concreta '71 53I1i tSt13 ,1,53141161112- about their own neutral axis is calculated per

1St= 3 96X 1054097130974 PCT/US2009/039091

[0031]  The PCSPs of this invention can be manufacturing using a number of different
pressure casting techniques. These techniques can involve horizontal or vertical pressure
casting, depending on the particular pressure casting molding system. FIG. 1 illustrates the
use of a vertical pressure casting technique and related assembly, wherein the concrete or
mortar composition is poured and cast in a vertically oriented mold assembly to form the
liner in situ while imposing a desired stressing force on the surrounding metal shell or steel
pipe. Once the stressing force is removed, the metal shell places the finally-cured liner of the
resulting PCSP in a desired state of compression. In an example embodiment, this example
technique imvolves pressurizing the poured concrete or mortar composition to impose a
desired stress on the metal shell through the use of a hydrostatic means, e.g., imposing a
pressurized volume or body of fluid such as water into contact with a surface of the concrete

Or mortar composition.

[0032]  FIG. 2 illustrates an example assembly 30 useful for making the PCSP in
accordance with the principles noted above. In this example embodiment, a cylindrical metal
shell 32 is formed with ends 34 and 36 attached thereto to respective ends of the shell as
described above. The wall thickness of the metal shell can be within the ranges noted above.
In an example embodiment, the metal shell or steel pipe can be made on a drum cylinder
machine with the ends 34 and 36 welded thereto. In an example embodiment, the metal shell

15 formed from X60 steel.

[0033] The ¢ylindrical metal shell 32 is positioned over a base ring 38 that is positioned
at the base or bottom position of the assembly 30. The base ring 38 comprises a generally
annular body 39 that may include one or more grooves 40 extending circumferentially along
an outer wall surface of the base ring and positioned adjacent an inside wall surface of shell
end 36. The base ring is formed from a structurally rigid material such as a metallic material,

and in a preferred embodiment the preferred material is steel.

[0034] The one or more grooves 40 are sized and shaped to accommodate placement of
one or more respective sealing members 42 therein, wherein the one or more sealing member
42 are sized and shaped to engage and form a seal against an inside diameter of the metal
shell end 36, In a preferred embodiment, the base ring comprises a pair of grooves 40 that
are spaced axially apart from one another a desired distance along the outer surface, and

comprises respective sealing members 42 in the form of annular rings disposed therein. The
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annular scal rings 42 are preferably formed from an elastomeric material such as rubber or

the like capable of providing a sealing engagement with the metal shell end.

[6035] The base ring 38 includes an upper or top surface 44 that forms a closed bottom
end of an annular concrete or mortar pour cavity or chamber 46. The base ring 38 further
includes a groove 48 that is positioned circumferentially along an inside diameter of the ring
38. The groove 48 is positioned, sized and shaped to accommodate placement of a sealing
member 50 therein to engage and form a seal with an adjacent outside wall surface of a

collapsible inner mold member 52.

[6036]  The base ring 38 further includes a section that projects radially mwardly from the
body 39 away from the base ring inside diameter, and that is connected with a generally
cylindrical displacernent tube 54, e.g., 2 bottom end of the displacement tube 54 is thereby
mounted on the base ring. As shown in FIG. 2, the collapsible inner mold member 52 is
positioned concentrically around an outside diameter of the displacement tube 54, The
collapsible inner mold member and displacement tube are cach formed from a structurally
rigid material, such as a metallic material, and in a preferred embodiment both the collapsibie

inner mold member and the displacement tube are formed from steel.

[0037] The collapsible mner mold member 52 can be formed from a single sheet of
material that is rolled into the form of a cylinder or can be formed from a number of panels or
sheets that are welded or otherwise jomed together to form a cylindrical shape. In an
example embodiment, the collapsible inner mold member is provided in the form ofa
cylindrical sheet having two ends that extend longitudinally along the length of the inner
mold member. The ends are configured such that they can be moved inwardly towards one
another, e.g., coiled towards one another, to reduce the diameter of the mner mold member
and thereby cause the inner mold member to collapse for purposes of facilitating removal of

the formed PCSP therefrom.

[0038] In an example embodiment, the ends of the collapsible inner mold member are
connected to one another by a mechanism that operates to maintain a fixed inner mold

member diameter during the pouring a pressurizing operation, and that can be operated to
move the ends of the inner mold member together thereby collapsing the mold member to
facilitate releasing the mold member from the formed concrete or mortar core, The inner

mold member is further configured to minimize leakage of the concrete or mortar
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El'cotalPipeWal 3.729 tbf This the total "EI" value for the pipe welt This value must besubstituted into
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determined as follows utilizing ASTM D2412. ElTotalPipeWali (fl. -Cent o

composition during pour and formation of the PCSP under pressure. In a preferred
embodiment, a gate is placed between the collapsible inner mold member ends that can be
remotely actuated to reduce the diameter of the inner mold member at the appropriate stage
of the operation, thereby enabling the inner mold member to be removed from the PCSP once

formed.

[0039] A bottom reinforcing ring 56 is positioned along an inside diameter surface of the
collapsible inner mold member 52 adjacent the base ring 38 and assists in promoting a
desired sealing engagement between a bottom end section of the collapsible inner mold
member and the base ring. The boftom reinforeing ring 56 can be formed from a structurally
rigid material and can comprise one or more members that alone or together form an annular
support positioned concentrically inwardly of the collapsible inner mold member bottom end
section. In an example embodiment, the bottom reinforcing ring is made from steel and is

welded to a bottom portion of the inner mold member.

[0:040] Moving to the top of the assembly 30, an annular top ring 58 is positioned
adjacent a top end of the metal shell 32, In an example embodiment, the fop ring comprises a
cylindrical outer section 60 that is positioned concentrically around the end 34 of the metal
shell 32. The outer section 60 has an inside diameter that is sized and shaped to
accommodate placement of the end 34 within a lower region of such inside diameter. Sealing
members 62 are positioned within one or more respective grooves 64 disposed
circumnferentially around the end 34 to provide a seal between the top ring 58 and the metal
shell 32, The sealing members 62 can be annular members that are made from an elastomeric

material such as rubber or the like.

[0041] While the embodiment of F1G. 2 illusirates the use of sealing members at the top
and bottom of the assembly disposed in grooves that are respectively disposed on the shell
end and the base ring, it is to be understood that the specific sealing mechanism used to form
a desired scal at the top and base of the concrete or mortar chamber 46 can be other than that
which is described and illustrated, and that such variations are understood to be within the

scope of this invention.

[0042] The inside diameter of the top ring outer section aiso includes a central region that
is sized and configured to accommodate receiving a pressurizing medium therein and to

accommodate a desired extra volume of concrete or mortar above the spigot 34. The extra
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Review of the two pipe stiffness values shows the new pressure cast steel pipe will be much stiffer
than conventional steel pipe and niuch more capable of supporting pipe handling, installation and

earth loads ‘%t@%?[g% g%goncrete Height During Pressure Casting: Pipe%cqt@g?é@%é%;?emasting
avolume eltavVo
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volume provided by the top ring is useful to make up for the volume increase that occurs
within the chamber 46 during pressurizing as the outer steel pipe or shell 32 increases in
diameter under pressure. The typical volume change during pressurizing results i a loss of
about 6 to 7 inches of vertical height for a 4-inch thick concrete liner. The top ring is

configured to help accommodate such volume change.

[0043] In an example embodiment, the pressurizing medium is water and the central
region of the fop ring is sized having vertical height to address the concrete or mortar volume
change that occurs during pressurization, and having a diameter that is less than that of the
top ring bottom region. Sizing the top ring outer section inside diameter in this manner
operates to limit the extent that the end 34 is inserted therein during assembly for the process
of both pouring the concrete or mortar composition into the assembly 30 and into the

chamber 46 and subsequently pressurizing the poured concrete or mortar composition.

[0044] The top ring outer section 60 includes an inside diameter top region that is sized
and shaped to accommodate placement therein of a top member or pressure top or cap 66 that
is placed over a top portion of the assembly 30. In an example embodiment, the inside
diameter top region has a diameter sized smaller than that of the central region to control the

axial placement of the top member 66 therein, ¢.g., so that it does not enter the central region.

[C045] The top ring 58 also includes an inner section 68. In an example embodiment, this
inner section is welded to the top ring 58 by centralizing gusscts (not shown). The inner
section 68 ig positioned radially inwardly from the outer section 60 and radially outwardly a
distance from the displacement tube to a position adjacent an upper end of the collapsible
inner mold member 52. The inner section 68 includes a pair of downwardly projecting lips or
rings 70 that are positioned and sized to accommodate placement of the top end of the

collapsible inner mold member 52 therebetween.

[0046] In an example embodiment, the collapsible inner mold member 52 fixedly
registers with a placement feature of the base ring 38, and at least one of the top ring lips 70
operates to limif the radially outward movement of the collapsible inner mold member. In an
example embodiment, the lips 70 and top ring 60 are provided in the form of one assembly.
Also, the other of the lips that is not in contact with the collapsible inner mold member i3
positioned adjacent an outside surface of the displacement tube top section to assist in
positioning the top end of the inner mold member 52 concentrically with the end 34 of the
metal shell 32. |
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[0047] A top reinforcing ring 72 is positioned along an inside diameter surface of the
collapsible inner mold member 52 adjacent the top ring inner section 68, and assists in urging
the collapsible mold member 52 against the Iip 70. The top reinforcing ring 72 is formed
from a structurally rigid material and can comprise one or more members that alone or
together form an annular support positioned concentrically inwardly of the collapsible inner
mold member top end section. In an example embodiment, the top reinforcing ring 72 is

made from steel and is welded to the end of the collapsible inner mold member 52.

[0048] The top member or pressure top 66 comprises an annular member positioned
radially between the top ring outer section 60, along an outside diameter, and a top section 74
that is attached to an upper end of the displacement tube 54, along an inside diameter. The
top section 74 accommodates thrust from the top member 66 produced by internal pressure

during the pressurizing operation.

[0049] The pressure top 66 includes an outside diameter wall surface that is positioned
adjacent the top ring outer section 60 inside diameter top region, and ncludes a groove 76
extending circumferentially thercaround. An annular sealing member 78 s disposed within
the groove and can be formed from an elastomeric material to provide a desired scal with the
top ring outer section. Alternatively, the top ring inside diameter top region can be

configured having the groove to accommodate placement of a scaling member therein.

[6650] The pressure top 66 also includes an inside diameter wall surface that is
positioned adjacent an outer surface of the displacement tube top section 74, and that is
configured to provide sealing engagement therewith. In an example embodiment, the
dispiacement tube top section comprises a groove 80 disposed circomferentially along its
outer surface that is sized to accommodate placement of an annular sealing member 82
therein, wherein the sealing member can be formed from an clastomeric material such as that

described above for the other sealing members used in this assembly 30.

[0051) A locking member 84, is positioned on top of the pressure top 66 and is
configured to removably fix placement of the pressure top 66 onto the top ring 58 to close
and lock the mold assembly into place. In an example embodiment, the locking member 84
is provided in the form of a snap ring or the like that is sized having an inner diameter edge

that is capable of registering with a groove 86 disposed along an outer diameter of the
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DeltaH = 6.2Drop in height of concrete during the pressure casting operation. WO
2009/139974PCT/US2009/039091 [0031]The PCSPs of this invention can be manufacturing using a

number of d{{fg%ra;/ﬁ)g%ure casting techniques. These techniques can igyQlyR-igsizanial or vertical
pressure casting, depending on the particular pressure casting molding system. FIG. 1 illustrates the

use of a vertical pressure casting technigue and related assembly, wherein the concrete or mortar
composit%??@%%%&“&ﬁ&”ﬂﬁ%f@ﬂ%@erT%‘éI'R/CBHW Bﬂlﬁg%%rﬁﬁlﬁ?ﬂ’&é}g fﬁéqf‘r‘?&ﬁﬁ situ while
imposinga«esitebsiressingdpraentitiie suraundipgsnetalshiell opsteehpipe. Once the stressing
force is removed, the metal shell places the finally-cured liner of the resulting PCSP in a desired state

of compreggion. In an.Lxample eMRRIERt, this.expmple derhninURIIMANES RIGSSHIZING the poured

concrete or mortar composition to impose a desired streéss on the metal shell through the use of a
hydrostatiemiesios & gowmptisivgoaths dasurized foitdrigabragdydikunasseichas ’Ritéfinto contact with

a surfacegf:the-caneselein! Spariare Qmpastion. JQPR24MiG. il ysiratesancxamyalepgsembly 30
useful for making the PCSP jn accor?%g%e with the principles noted abqgve. In this example

embodimEHET LTSRS HS IS SRS I & HsP5 M c48 A& SRFEH IR0 to respective
ends of theasheteas slesesheadaboielly bppoad hicknass didhebmeidbshel canrbeliyithiaitide ranges

noted above. In an example.embodiment, the.metal shell or steel.pipe can be made on a drum cylinder
maching WL NI G S VB R B R A a o e R S T hetal shell 5
formed frornix60ixnteedifD08 8 Tet oylindiicabmeidictisidZ iscpositiodedngvée arbesse oihg 38 that is
positione(flo%mgljgg%gpbottom position of the assembly 30. The base ring 38 comprises a generally
annular body 39 that may include one or more grooves 40 extending circumferentially along an outer

fing i toulle3 Yo WGT UK RGP S AR AT Lt Dbt
embodimenihecprefetisdonattiabissteelinRdihe enevarcmone gromwemdly.aiftsiatd and shaped
o accomggﬁoﬁ%&% P {gﬁ(e H]g%?tcgr];nec-tion end 92 for purposes of facilitating attachment of the same to

a conventional pressurizing medium delivery device, such as a water delivery pipe. Ina

preferred embodiment, the inlet 90 is positioned near the bottom of displacement tube 54 and

is configured to accept delivery of pressurized water from a suitable pressurizing device such

as from a discharge end of a pump or the hke.

10054} The above-described assembly 30 is operated in the following manner to form a
PCSP. Before placement of the pressure top 66 and locking member 84 over the top portion
of the assembly, a desired volume of concrete or mortar composition is poured or otherwise
delivered into the chamber 46 formed between the metal shell 32 and the collapsibie inner

mold member 52,

10055] In an example embodiment, the concrete or mortar composition conmprises a
mixture having the following characteristics. One desired characteristic is that the concrete
or mortar be self leveling, so it acts like a liquid. This 1s desired so the concrete or mortar
will transfer the pressure applied to its surface from the top of the pipe to the bottom of the
pipe and radially outward to expand the steel pipe. A second characteristic is that the
concrete or mortar may be expansive. The use of an expansive mix helps to minimize and/or
eliminate undesired volume loss from creep and drying shrinkage to help maintain the desired

stress on the pipe wall during operation.
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one or more respective sealing members 42 therein, wherein the one or more sealing member 42 are
sized and shaped to engage and form a seal against an inside diameter of the metal shell end 36. In a

preferred erm?dg(;wﬁ%&)jge base ring comprises a pair of grooves 40 thatp%rﬁ 3@93 'f;llly apart from
one another a desired distance along the outer surface, and comprises respective sealing members 42

in the form of annular rings disposed therein. The WO 2009/139974PCT1US$20091039091 annular
seal ringd ¥ 8lre prare bl et Hrabet B tr ka detstrssie fhasrmirstrci e ilidiseresy tethies capable of
providing < saaling:e igagemanpwith e meiabsbaliangr{002b] The base Hng Ssuineludes an upper or
top surface 44 that forﬁﬁ a (f‘los_egj bottom %nﬂd of antannular concget§ o.rthrrgortar _;%o r ca\{it}/ or chamber
46. The b%?é’@rﬁﬁgc%’rg?’ ﬁj& IR Eosags&?%c;]\?ec%cfﬁa@tclgr%%igsﬁ’lgﬂrel Cci‘rxélum!flgrlélﬁ]t S laé?gneg an inside
diameter off theentitg S@1regsoover sl pasitioneg, sirediandeshapechioraicommmodidte placement of
a sealing.member 50 therein to engage and for | with an adjac tside wall, surface of a
collapsibllélsl %Jr{:]egriwg%rr%%rtr%%@g% 5%[6%3(%?% 6 %n%% ﬁﬁ%‘?g %%huegrlg#lgﬁp eeggaeg%‘gfﬁﬁa%ﬁg% projects
radially inwagtiite frormntte Botihabishvaljafionr tva Gusentingpilvditendeaeaictsr sabfprt is connected with

a generally cyliggrigal g%a%%fa}ﬁﬁ&u{%ﬁéésgﬁa& btttk ot G disRIACAMGRELtURE 54 Is thereby

mounted on the base ring. As shown in FIG. 2, the collapsible inner mold member 52 is positioned
concentri€dy BroRAde AP Bt GiarBRt sbitveaaispidbemaittlpyashstmse oo rapkilbrdifier mold

member aagiaREERMARL NG ale-RAEREorMEddreahd Sifachiredik Figichpaterial sueiias a metallic

material, and in_a preferred embodiment both the collapsible inner mold member and the displacement
tube are AR O U OB B e o R WA G5 EATOE LIS from & singlo

sheet of matghiallthat isiaolied dnia thedorrhotancydinde norcandmpislidedfraii lavelingbeitiof panels or
sheets thf:\ r V\ﬁarlid d or o@%rﬁvr{?eeﬂpmeg to .eyo%g%gog(éa%g Imdngal shape. In an example

tare ) 7
embodime}“r111t€¥,t€f%eS co éiﬁ%il:‘)lfle ihner mold member is prOV|1 L formof a (e:l)‘/ indtical sheet having

two ends Hafceximnadorgitudisrmiiydalongithe length of the inner mold member. The ends are
configured such that they can be moved inwardly towards one another, e.g., coiled towards one

another, tpgsriuce the diameier ebibe i oemmnald anapRebantithelely wause theporermold member
to collapse for purposes of facilitating removal of the for PCSP therefrom. [00381In an example
ermiboaim i TN O THA CAIKEEASE THBFEID Bt A e R B R S iner by
mechanismdhaidpesatahiaonaiatas méixadomgssinotdindenkesdiameieciduiing 4henpduling a
pressurizing opgration, and that,can be operated.to moye the.gnds of the inner mold member together
Thereby cOlL G b g e T e e o concrete

or mortartbonTisteiomeeriolcomersibien is fgtnenceonfigheadold sriiithitaticakage oftthdseoncrete or

mortar  gistance into the top ring 58. As noted above, the top ring 58 operates to provide an extra

volume of concrete or mortar useful for addressing the downward movement of the concrete
or mortar surface level within the mold during pressurization due to the outward expansion of
the steel shell. In an example embodiment, the volume of concrete or mortar disposed above
the end 34 is sufficient to make up for the vertical height change during pressurizing such that
the final level of the concrete is just at the top of the end 34. The equations presented above
provide an example calculation of the vertical drop in concrete height during the pressure

casting process.

{0058] Once the concrete composition s poured into the chamber 46, and before it is
allowed to cure, the pressure top 66 and the locking member 84 are loaded into place over the
top of the assembly. Water is then directed into the mold assembly through the water mlet 90
under a desired operating pressure. The water flows into the assembly, filling an annular
water chamber 94 formed between the displacement tube 54 and the collapsible inner mold

member 52. The water also moves to the top of the assembly filling an upper chamber 96 of
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WO 2009/139974PCT/US2009/039091 composition during pour and formation of the PCSP under
pressure. In a preferred embodiment, a gate is placed between the collapsible inner mold member

ends that cap 5’90594{%25%/ actuated to reduce the diameter of the inner %?/gg%mggggﬁlthe

appropriate stage of the operation, thereby enabling the inner mold me e removed from the
PCSP once formed. 100391A bottom reinforcing ring 56 is positioned along an inside diameter surface

of the colfapamaniinahatisidisprisbeioss RaprtePbbenfist 85 BAHE SERROHH PPoARdting a desired
sealing engagemenidaimean anatiom endrebeiiam offthe €gllapsibladrnesmalsimember and the base

ring. The bottom reinforcing ring 56 can be formed from g str rally rigid material and can comprise
e or RN BB SRR TGRS B A S Y NN B BN Bl
inwardly déthedcottapsibleirnernonblidcoenber battomeengsedtionHiantexamplémmbodiment, the
bottom reinforcing ring is.made from, steel and.is welded to a bottom portion. of the inner mold member.
O0AOIMo o e o S e et top el of
the metaleghelip8shncanre xaansibaerhbbdiidrsrt! theowbringcomprisels ameyhsdhvetabbieiosection 60

that is pogitigned coneentricallyfrauadi e &pdi3¢, of the metal shell 32. The outer section 60 has an

inside diameter that is sized and shaped to accommodate placement of the end 34 within a lower
region of h.inside diameter. Sealing membhers 62 are positioned within one or more respective
grooves dsﬂ%%i%]pos ERES S %’gﬁijgﬁ%‘ﬁ%“fﬁ eea}‘?aegﬁﬂ%lﬁ%\a/ﬁél%e e%ft?@ﬂﬁé‘%%ﬁ%{%gring 58 and
the metalssthwl-8Ppdrd séalingdmén biersdingamd euanp witthmembrets dhabare maghe fitam. an

elastomerig rgletial Sucl) a5 Wber or e ke, 1041 WDl

J %@g&’empgc%r%g% Z?él@ 5%2 illustrates the
use of sealing members at top and bottom of the assembly disposed in grooves that are

respectivehpdidpdeent chetprssheitiendrasristreaddsssing, livises Hetunaiepstoodithatgréeospecific sealing
mechanisi, #sed 0. ormaudarIred. $e2hakiiie aRandikass of e LoRarale QLmerr chamber 46 can

be other than that which is described and illtistrated, and that such variations are understood to be

within thePEsBPEZEIS e OHd BRI IS SHERIY thsHBtaI6H (ReatBRNFIsE Sl P SRS EIso includes

a central fRgign thatdssizesband canfigurethiaacsennosaiaresehing.d i easeiizirg wigdium therein
and to accommod%e a desired extra volume of concrete Qr mortar apoye ﬁe ésl%gg?: 34. The extra WO

2009/1395 74PN BEEHI RIS DT PHEN ABY ByPRE B 1§ e tif ¢ EUFTEF the volume
increase thateeaivs withinshelthambesrdbutiiring-psessptizinigras the outer steel pipe or shell 32
increases in diameter under pressure. The typical volume change during pressurizing results in a loss

of about §gsgjinches giverticakhisight-lana dinab tisk canceete Insindig.4ep 4ing is configured to
help accommodate such volume change. 100431In an example embodiment, the pressurizing medium
is water aftcHiop&sARae better understood with reference to the following example,

Example - a PCSP was formed using the assembly illustrated in FIG. 2, having an metal shell

inside diameter of approximately 92 inches, by delivering a concrete composition comprising

approximately 750 Ibs cement (Type I/11), 1490 Ibs coarse aggregate, 1400 Ibs sand, 319 Ibs

water, 60 fl oz high range water reducing admixture (Glenium 7700), 10 {1 oz viscosity-

modifying admixture (VMA 538), and comprising a small amount of air voids (2.5%),

wherein the total weight of the composition was approximately 3959 Ibs. If desired, a portion

(15 to 20 percent by weight) of the cement component disclosed in the above composition

can be replaced by an expansive agent, such as Komponent from CTS Cement Manufacturing

Corp, to compensate for the shrinkage due to drying and creep. This composition was

delivered into the concrete or mortar mold chamber. The collapsible inner mold member is

positioned so that the inside diameter of the resulting cured concrete liner is approximately 84

inches. The metal shell was provided in the form of a steel shell having a wall thickness of

approximately 0.16 inches. The desired concrete liner wall thickness for this PCSP was

approximately 4 inches. After the concrete composition was delivered into the mold
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region of the top ring is sized having vertical height to address the concrete or mortar volume change
that occurs during pressurization, and having a diameter that is less than that of the top ring bottom
region. Siziqg&@gﬂgﬂg r9iJ;14g outer section inside diameter in this manner ope! Ol‘l%/ugag_g&he extent that
the end 34 is |nserted9therein during assembly for the process of both pouring the concrete or mortar
composition into the assembly 30 and into the chamber 46 and supsequently pressurizing the poured

concrete BrMbFaY #ShpSTHEyeRsHAIT HE 1BpliAY Tubly SxtibiidbmatddlsaniRemr iameter top
region thabissizedmpsdisbapatdvacecommataidplacamnastdherednof artepuroembabang@essure top
or cap 66 that is.placed qver a top.portion, of the assembly. 30. In an exampl iment, the inside
diameter?t?br%gdﬁ) Eh%%%o i%l?ﬂ%‘l% E%Hrbsé)rﬁ”a ?esr}pﬁ% %g] Ig{&%frfﬁ%q éerﬁsatf?e%g}bi%%%%tr%ﬁ the axial
placementafciie, thp eembE6G 6 ither eimyieugn solthal 0dveRotetiteitfiengemtrairegion. [0045]The
top ring 58 also includes an jnper section 68. In.an mple.embodim IS iner ion is welded
to the topr?ﬂwuér %%t%yrgglﬁ%@a é@gﬁ 8 tssetd f%g'?lsaﬁo%?l?@ ‘Pﬁﬁ()e ?rﬁgerqggclﬁégﬁ%%%qés ncggl?fi(t)ﬁrlge%yﬁadially
inwardly frdin iR Oute r-sEtiorhsd wrigyeridhy eutwarigeardistagrca frerer tiacdispiicerient tube to a
position agiacentian YRPES sRdRIhe GRllersiRle npanmald.memberh kg dnasnsgelon 68 includes

a pair of downwardly projecting lips or rings 70 that are positioned and sized to accommodate
placemenkisrHaEt B aHEE ot ah B EBIpRITE B th &1 PR BB th RNEWREAS 0 Bif%an example

embodimgnthihe.coliapsibleirnenmmaldsmenar & fixedyoegisiers mith aqtacenseskieatyre of the
base ring 38, and at least one qf the top ring lips, 70 operates to limit the radially outward movement of
the coIIaﬁﬁfﬁ?@rﬁjiﬂ@rct’ﬁfild’ﬁ]e"fﬁb‘gﬁw}e{ﬁ@gahgglg’é?ﬁt%@ﬁ?%ﬂ% {R9RRe0 BESh g 60 are

provided ifotid fereritot@netadperitly. sAfsthe thetatherafrtheilips thatiscndiyweomtictwith the

collapsible inner mold member i%gcc)sitio d a%jcarggnt an (?rytside su[rface of the acement tube top

displ
. - 2 to iy : t INto TESSI01L Sf‘)hl .
section to A5Sist in ngltpé ?nfﬁ e Fof))%(r)l 6f the mner mold member b2 Concentrica ?y with the end 34

of the metetudtied| 32SPW@ 2000/4B 60TMRCTAISRI0910300BCTB0YRIAlawed eorforting ring 72 is
positioned alpng, A0 iNgidledigmetes siagsmof fn&geiéwi?ﬂ&-&@ﬁ@hﬁ{}%@ﬁ%{@@%@ﬂ@&em the top

ring inner section 68, and assists in urging the collapsiblé mold member 52 against the lip 70. The top
reinforcing*Fm¢h? 28T HRSEerAS MaPSirTCHANYET FCATRRETTATVS Y o8P EBRATSEBASHE B ore members

that along,gr \QeRarfRI A amdUIasSHRRAI L RORIIRRgRLancenticaldrwBRdRI the collapsible
inner mold member top end section. In an example embodiment, the top reinforcing ring 72 is made

from stee gdyis weldet 1o the epd obhg.collapsible et malds mepber 52,,40048iThe top mermber
or pressure opl) 66 comprises an annular member positioned radially e?ween_ thetop fing outer
section 6Qrakungemoiitsidetbiathetorsianthe copsteiion 74 tharissaiacheduazan madarrend of the

displacemep 10,54 3'ANg-3n0SIR diamelshsTnG LARISEUONI fRascomMpdales st from the top

member 66 produced by interhal pressure during the pressurizing operation. [0049]The pressure top
66 includésratgethaidardiasnbte LWEIPSEHE e iTat MPGSaENERp or the like, due both to the

inherently abrasive nature of the concrete composition as well as the change in rheologic
characteristics that are known to occur over time as the compaosition cures, making the task of

maintaining a desired constant pressure force even more challenging.

[06062] The use of water as a pressuring medium for pressurizing the concrete or mortar
composition avoids these issues and enables imposing a constant pressure onto the concrete
composition in a manner that is relatively easy to do using conventional pumping equipment,
and in a manner that is not affected by the curing of the concrete composition. Further, since
the concrete composition is self leveling it will largely act like water and transfer the pressure
applied to the surface of the composition in the mold to the metal shell. This transferred
pressure causes the metal shell to grow in diameter as it would under a normal hydrotest
pressure. If during the pressuring process any minor leakage occurs at any of the sealing

surfaces, the water pressuring device, e.g., a pumping device, can casily make up for the loss
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adjacent the top ring outer section 60 inside diameter top region, and includes a groove 76 extending
circumferentially therearound. An annular sealing member 78 is disposed within the groove and can be

formed frow&?%&mgric material to provide a desired seal with the tOijﬂgs WS 36 ion.
ly, the to

Alternative p ring inside diameter top region can be configured having the groove to
accommodate placement of a sealing member therein. [0050]The pressure top 66 also includes an

inside diafhkter e mstirahed HEt o RAGAY HALRTESPHIVT LIRS BHIRS U ERRENt tube top

section 74;aand ibatiecooiiguwedialprovide vealing argagenent iherexithmiindexample
embodiment, the dis&lace ent tube to§ sectio copg@gise roove 80 dfl osed clrcumferentially
shll

: 9 3 - e ¢ aler S —re% aa leakaoc ¢ congreie or
along its Eﬁg?%ﬁrr?é "HRat i s‘f%ﬁlaf% cOMmod: pFacel%er?f ofaiea

arsealing' member 82
therein, wheneirtéhesaeaing member can be formed from an elastomeric material such as that
described above for the other sealing members used in this assembly 30. [0051)A locking member 84,

is positionggk9n ORRENERIBRSUESORSE. OIS LaaUrsthie e b dixBlagement of the

pressure top 66 onto the top ring 58 to close and lock the mold assembly into place. In an example
embodimé?wr%ﬁéq@é;aﬁgﬁﬁamg? RISV AR YRR fﬂ-?ﬁ?l&sa@n%ﬁaﬁmﬁeam@%a is sized
having ancingat diametarsedoe thatns sapabkie-abregisteringwitbragQove e pispaseralong an outer
diameter%]:the plo 2009/139974PCT/US20 9/03119](1)91 displgcemgnt fube togfs{ ction 74{. The locking
member &HgEE OXRE GRS & e RIS The PPEs NS thF st Oh TRE TP meifbar &a alfisy the
pressure castingrdperationo 0b21d edisplaceecihtud batistegelepalyeayindiicakimember that
extends Mam e JOR-SolRg A SvhRE AR e diaReind, 38, Andhatmavdngbiaane or more s
88. The ohe of morebs operate to stabilize the Isplacement tube from collapse caused by the

external presdoresipflied pipthd miakcGssuhabihodimens. wiecp tbe Sieral caastivrgopissatiaredant may extend
between digmethicalivoRRASIIRAHARSAtNG IMbe- AR W 102 CRAIcAlNHINGEIRILRAYAHAY hub or the

like (not shown) again for purposes of stabilizing placement and mlnlmlzggeradial movement or
deflectiorPBTSHHES AYaHIABAHTSHRIBGbESE dH My DRIDrSEes LB 16 MMNHy IR PSP BOES The displacement

tube 54 ingludes.aniet BR pesiliened theauah & ke walkte daciitaiadhensanspriatihe pressurizing
medium, e.%d, wat%r, into the %s embly. Ttl%inlet includes a leak tight connection end 92 for purposes

of facilitati it} SHE AR LSRR LaRe R SHREHnal pressurizing medium delivery device, such as a
water delivery pipe. In a preferred embodiment, the inlet 90 is positioned near the bottom of

displaceni@éfi4libe braardasplorsigadicnentaticape Wedivembbf Precssigized snabetr thomiatcsuitable
pressurizing devicesrcth AR A.dIFeB g e.e RELAS 2 PUIMP Baislike[00rilbe Qbevridescribed

assembly 30 is operated in the following manner to form a ' ) )
the water pressure within the chambers 94 and 96 are in fluid flow connection with one

another. In the example embodiment illustrated in FIG. 2, the pressurizing water will flow
from the chamber 94 to the chamber 96 across the lips or centering rings 70 due to no seal. If
desired, grooves and/or holes can be provided to augment the desired passage of water

between the chambers 94 and 96.

[00065] Once the inner mold member is collapsed, and the pressure is released, then the
pressure top 66 is removed and the remaining elements of the molding/pressurizing assembly
are then disassembled. The PCSP can be removed from the base ring 38, The removed
PCSP can be transported to a desired location for further curing of the concrete or mortar
liner under ambient pressure and in a hydrating environment, ¢.g., where is can be subjected
to water as needed to facilitate further curing. In an example embodiment, the concrete
composition may be vertically cast and subjected to a pressuring force of approximately 188
psi for a period of approximately 24 hours, after which time the pressure is released and the
PCSP pipe is removed to facilitate further ambient pressure curing over a period of

approximately twenty-cight days. In an example embodiment, the PCSP can be steam cured
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PCSP. Before placement of the pressure top 66 and locking member 84 over the top portion of the
assembly, a desired volume of concrete or mortar composition is poured or otherwise delivered into
the chambegvzgizfj% lrli%ggpetvyeen the metal shell 32 and the coIIap.si.bIe irkg}%gg%ggm:gml?er 52. '
10055]In an example embodiment, the concrete or mortar composition comprises a mixture having the
following characteristics. One desired characteristic is that the concrete or mortar be self leveling, so it
acts like AWdbadhe RSt & esireyale e IRBHiAs e FIGH PRI IRSHET the PRéSsERE Applied to its
surface fresarther tepatkihe pipgdatbebottamiefdna nipe and ragialynsuvaitdeeipradsthe steel pipe.
A second chargc}:égéli?tic‘iiéthat_th(zlco%gerglte or Jgﬁ)ﬁrt?r rrgagl be exgansi}{e. The use Olf an expansive mix
helps to MMRZE " HPgrt TS dhaesiel voltims 1B %?%eér(t—:uéﬁ %%%na%riﬁacgﬁﬁﬁ%%sge to help
maintain the desigedtstadiss mg the )$E waik dumnged fienatibn p\d@ 20091 H3BHMPE FuidE2009/039091
[0056]In qfiggeege%%drg%bc%ggmmea%fg@gu%es}g esgf%g éﬁlﬁ cg&&%&gg&will be very small or eliminated as
the interna preyssu e reaches operating [%'essure. Maximum tensilé strain in the concrete core will be
limited to assure thc concrete core is in contact with the inside diameter of the metal shell or only a
very smal®fflial JHF eXidi bt treceamble s Cat a At Hec 5 9E BrkRg i SIPR Metal shell.
Such confaes@aslosapriaxipityipits helpeansute thatihesensictmaoiepremidasitiedhipbvalkaline

[ ded t.the steel f ion for.a period of imately 50 A
preferred SBUAEH RSl T SaTRFEd o ALE TR BIASALNE, TG LeTg 'y B available
steel stregpscfouréanthnedisiop reaction dasthedcnerdte RIrSAortameoiiéy, Theassmatdpehakiacent backlitl
Support v PO e Inesn deedelin sprolt e sferallonds Tlomaolweighl, ive weioht

S
and water weight. In an example embo e concrete or mortar composition Is self leveling with

limited shyimfeggef thed dsultimeibfditedbe gscadds H: indhdge amynrethurbepotiver2@fethdtrsinforcing
members,disposer, thareiR - QORI Be Helyne 8l cancrele OO GOmBOSRhaLds used for

making PCSP in this manner can vary depending on such factors as PCSP length, and the desired
concrete findrehRiKhesad FRE chirchate Braanar cOMSHEIHAR RSUERE B8 SHI (RE"ERER B 46 until the

top surfacg @fihe Reuirxensks: nedthekenLeasiofitheend 34FiG an example embodiment, the
concrete or mortar composition is delivered into the mold such that its surface extends a distance into

the top ri 9%% As noted above, the.top rin perates, | rovide an.extr Q,I me of concrete or
mortar usqégfu fl)r ac%lgegggfﬁ%%ﬁ\eﬂﬁé%#vgg}s r%ggggc?]ne%%? tﬁe%c%or?éﬁg?éc oe?or%%cr%éaﬁgsu?/face level within

the mold dhwrindlpedsburiestichadiiddintidesignatdngipansibmoittiedistéensHs base ameX8ple
embodiment, the, volmeof CARGIEtEQLMaras dispaseshabavk (hgrad.3tis sullicigpbia make up for

the vertical height change during pressurizing such that the final level of the concrete is just at the top

of the end @I58 FRations SreeamEdapsrBMiovile ARcclisrtisrnsaidubaiswartAl ertical drop in

concrete bgigighAdringhthe RIassHRe: GG BEAGRBS < [RRFRIQaueca e (arCrete eAMRARItON is poured
into the chamber 42,éand before jt is al]lowed to cure theg)r.essure top 66 and the locking member 84

i
are loaded #io e HFFMHEESTor 5’1’3?.“\/{?5{@ T HBRERCIEES AT HhE RS assembly

through theseraléy.inlet 90 under a desired operating pressure. The water flows into the assembly,
filling an annular water chamber 94 formed between the displacement tube 54 and the collapsible

inner molgaberog ABMCISALS0MAURAeoRINIS: A2ASRPbAIY &R Herer chamber 96
of WO 2009/139974PCT/US2009/039091 o ) ]
shell 202 and the displacement tube 210. The collapsible inmer mold member is configured in

the same manner as described above for the assembly illustrated in FIG. 2, and 1s provided to
form together with the metal shell a mold chamber or cavity 218 for recetving and casting a
concrete or mortar composition therein. Upper and lower reinforcing rings or bands 220 and

222 are used to keep the collapsible inner mold member in a desired radial position.

[0069] A top ring 224 is fixed to the top cap assembly 213 and is positioned over end 204
of the metal shell, and an annular sealing member 226 can be used to form a desired seal
between the end and the top ring. The top ring 224 includes an inside diameter that, together

with an outside diameter section of the collapsible inner mold member, forms a pouring
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the assembly that is disposed above the surface of the concrete or mortar composition, and that is
defined generally within the central region of the top ring. The water within the assembly has the samé
pressure Wiwg EQ‘% / %%%bers 94 and 96, thereby operating to impose a q)e\csllyﬁ &%5%%@9 force onto
the concrete or mortar'composition while at the same time supporting the radial placement position of
the collapsible core within the assembly, e.g., equal pressures are exerted on both sides of the
co||apsib|@afﬂwe%2r$\81ﬁr%n%éﬁfab@?a@¥é Bodmtalired pagitie 96sine R WititictiEB®ssembly. [0059]The

pressure @fdhevwatetovibindhedssesphdissnainiangd alinsapstaniloveldena-desregperiod of time
during thﬁ{(éas%n ﬂjﬁgd curing of the caoncrete or mortar composition. The use of water as the

pressuriz TEROVGLR5 HEREPCIERTS B El8IBRES s needed, during the pressurizing
process to address any leakage that may occur at the various sealing rings, without the fear of causing
a pump fafi6v8] i.e. Miraiter Wil nesttsura lin thetpebss trizing pamplay Wepiktwoeurtifysreléure was
maintaineghby,d CONAIGHY 819Ul PLSERHE BYR R D ctameuns of Hpa;thakihefonckete or

mortar composition is pressurized will vary depending on the particular pipe design and/or

performared chbsriap 18 Hi58Bhcocitbi¢orafBsbBn Tidhabiraset theousd panrsias 81d-use
app'Eatti)OéktéQ@ﬁgﬂxB@gi%ﬁ,@%Qr mﬁﬁh@dﬁﬁgw@%ﬂﬁg IBQ&E&%I@'CQ%CMQ dotpeingiRigs of t?is invgntion
can be better rstood with reference to the following example. grnpie - a PCSP was formed using
the asserfiBfi/t o ??-F’H—*Fé? ,%%%}}ﬁaf%ﬂ P LER ﬁ{ﬁﬁﬁ&f&%@?@f&%ﬁ%ﬁ&%ﬁ%z inches, by
deliveringcaviigridi®etecoms hesitio presuiising afiprXinnbicsl§ 2750 instadsmentchyge I/11), 1490 lbs
coarse aggregate. 1400 Ibs sand, 319 Ibs water, 60,fl oz high range water, reducing admixture
(Gremum D e e B e 8 S ot of
air voids @.B%ﬁmhéheﬂﬁ{mén@mbwmgm mbnéiwmmiﬁ@nmg%mmm@@@qw If desired, a
portion (11 4n.29peeaERIDLMRIARIE biMe crmARoBRenent dissloreddndpgpove composition can

be replaced by an expansive agent, such as Komponent from CTS Cement Manufacturing Corp, to

compensHte& fHF el anls tnargiveahdereasar mscedmpositod Wadaramerdd #ito the

concrete g:mktarald-chanhrimndhe-aolrpsipleinner.mald:-meber is positioned so that the inside
diameter of the resulting cured concrete liner is approximately 84 inches. The metal shell was provided

in the fouii steel.shell having a wall thickness of approximately 0.16 inches. The desired concrete
iner wall Ihess HE I L 2 B B B e S LS o e
delivered dntoltengcld! i@ 2009/430974RAT 382 0Q9B39Ndusitamibes, Watetowaspintroduced into
the mold assemply sieh ihatitAEVeIRd NS SIIRCERAINE SRNGIEIS £OMPaSILQY, The water in the
assembly was pressurized to a pressure that produced a stress in the steel of approximately 90% of
specified #HiATRMMSYIE @tpéfrfgtgwglmwsﬁfl A IS TBasecTibe stél 8K 60 AL WrHRdUAS yield of 60,000
psi, so theiipternah RLaEHIER FARIYIRShiOoRF MslIGR ARSI dSAPHaXimate L334esd Nete in the
example given, the D/t ratio is 92/0.16 = 575, which js bey r%fi the con_ventionafl practgiﬁe in water pipe
design a B%Gérﬂ%%?é*s‘i’élén&ﬁ%f’fﬁeﬂﬁé”fﬂ?&%rgli%‘h"&&tﬁpﬂﬁ%% AP BT SRSERpUHiG MEPEtEmal earth
loads. Theingale? pressut e wasiinsdirtainedtabéfisdevel for approximately 24 hours, imposing a stress
on the steel pipe of approximately 54,000 psi causing it to expand. After 24 hours of elevated

temperatyigphire, ergo ALARMNARAAAAIALE0E: e soleRshifinsideamaldmembasyiapmoved into

its retracted position and the water pressure within the assembly was relieved, causing the steel pipe
to retract GAtEALES CORErEtEesraSRALITETNIFS oA SHEBsTShnaiNe FeavitiAbt Peesmmfdy B moved from
the assemply;-and theiBCSP was allowed to continue curing under ambient pressure conditions.
Immediately after the initial elevated temperature cure, the concrete core of the PCSP was under a
compressi ress of roximately 1659 psi. See the series of eguations presented above that
provde sl e B R B e BB e e e
of water de therpPeS8urenedinparedtivehthencngihigohel CoRcratesisalbiorivomtias thBlprelssurizing

medium. fispcaniaas, LSRR CAGPIR FATIROARR ALAIRYLAS R ASRINA Rgium is the

damage that can occur to a pressuring device, such as a pump or the like, due both to the inherently
abrasive MRGPEGEINE! CORTEFEELTEBMBOSITHA tre wishalivhe caigd YRS GRS SEteristics that are

known to QeelF BMBPEMR S INBnCAMRASHI QLS YRS Makinaibe taskRt MaintsniRgw fesired constant

pressure force even mare challenging, [00621The use of water as a pressuring medium for
pressuriziig Ehélbehgﬁg]f%g&?erﬁgﬁg %%TE%SE%% eﬁ\%?d%"fﬁ%@é’%@%% 8re&:%§bles imposing a constant

pressure onto the concrete composition in a manner that is relatively easy to do using conventional
pumping equipment, and in a manner that is not affected by the curing of the concrete composition.
Further, since the concrete composition is self leveling it will largely act like water and transfer the
pressure applied to the surface of the compositionsin the mold to the metal shell. This transferred
pressure causes the metal shell to grow in diameter as it would under a normal hydrotest pressure. If
during the pressuring process any minor leakage occurs at any of the sealing surfaces, the water
pressuring device, e.g., a pumping device, can easily make up for the loss



WO 2009/139974PCT/US2009/039091 to keep the metal shell stretched. Because the concrete or

mortar composition can cure under water, the water pressure cap allows for the composition to cure

while also mai‘gtain'p%a desired pressuring.force via makeup water shoul%%l}%g 5)(; any leakage of the
WO 2009/139974 . PCT/USZ0097039051

concrete or mortar composition. [006310nce the concrete or mortar core has béen subjected to a

desired pressure for a desired duration of time, the pressure is removed by releasing the water from

the asserfly#tausitpshea miataiGnbirtd ahernadis thevedrsdhesmaeRdilbriiiedid fferéby

prestressifg IhEcRED PEHAE AN IR RAMPEESSION d6206E diisRecsSydhg:insideigmeter of the
concrete or mortar liner is also reduced, cau%ngbiﬁ ta be clamped ontg the collapsible core, thus the
e

need for AEMGHAMMET SRR TS WERHEH RS 18¥ EbHUPRRESS FaeHitie it 1R MBIHNB the now formed
PCSP pipaplmdopreferedeeiniintdinienh eaceptberRéodhhas heenpressnozeshfarcadesired duration,
the collapsible innet mold member s first sollansad prior (o releaging ihe pregspie withip.he assembly
SO as to avoi &amaglng ginner mold member y thegc?amplng orce of the core, and to facilitate or
ease the protessofizolwgisingube Gthdswisemeduding theddiarrttenottheunimerlevoldsmember. [0064]In

an example, smpogiinenty hemels aesaobnis.saniianied sedbiat s AletPrRsauE within chambers

94 and 96 are the same, e.g., the chambers are configured such that the water pressure within the
chamberg@agiidelaid dsHUIIMRBM connection with one another. In the example embodiment
illustrated in FIG. 2, the pressurizing water will flow from the chamber 94 to the chamber 96 across the
lips or cemoerisp ringeckd iduaiorae sealifadesindsigoadae danodeliplds thamibepedvideddo augment
the des're‘%f%aﬁt%%%%r?é yatgr petween tﬁéem%']%?&&sh%ﬁ&%fe?? é%??ﬁl:%%%e the inneg.mold member is
collapsed? and the pressure 1s refease‘as, then-the pr%ssure op é isTemoved and the remaining
elements wtthe ined|dirigfgristurizing aspermliistarentienddishssenmb leds The 2AE8R can be removed

from the hag Q%?&J'{&%Y@%&Bﬂ%B%?Enﬁ%‘e@a&g%&ﬂ%gﬂ% ES%%%@HF%O@%% RiRfiither curing
b re in a hydr

of the concrete or mortar liner under ambient sure and Ing environment, e.g., where is
can be suBfdétedbwandreateriabel etocrElitets WtFRH enarEs! I Arceswirplecsmilsstimiént, the

concrete M%ﬁ%iﬂ%.@ﬁ@%@@f‘%&@%@é}%ﬁ%%?ﬁ@&@e% B%@&E@&Jﬂ?ﬁr@&ﬁ%ﬁﬂmatew 188
psi for a period of approximately 24 hours, after which time the pressure is released and the PCSP

pipe is refHBYERCISLFRGREATE T FATBP SHAS ML SrRAsaute e GO ePapeabl ol Spbfokifately
twenty-eighingiay dederdodextarrpier emshedinant| ierRe:Sk oan be steam cured WO
2009/139974PCT/US2009/039091 during the first 24 hours while maintaining the casting pressure

inside the ggold. Theyed E‘Q}Hs%rg{ez?tﬁ%@%&%rﬁﬁ%QEJ%EH%? %%&%Ibﬁ;?&%ﬁﬂéeﬁﬂ% Y fflay ambient

cure level that Is normally 80% or the strerg; at 28-days. The elevated temperature steam cure
acceleratéectidagariigthdhe, iy TP td e the veanirdhettanphe dduyeatetsiing assembly
quicker, tirergby RO ViRG e ansfaciuningirateRtmakingirddiians) B&RRiREE61FIG. 3 illustrates

another example assembly 200 useful for making the PCSP in accordance with the}FringipIeS noted
above, thlu&edsh &hRlt Shikeiathal aalbesi oS an P ish A b sre-RE PRSPTHAE Hkhakes use of
a collapsitie: imrepavleldfivamberans tvaienpredsitzitigmeedionthtocpressuiteasianddiorm the
PCSP. Genera%;i/ the assembly.makes use of a cylindrical ée'hal shell 202 corg%%sﬁl)r?lgﬁﬁ(yds 204 and

206 and that'dt %r}e%péﬁsseuﬁaecr?c‘)rl%Pfé)geesgfatﬁe reSl}ﬁt]iF]Tél e 58N f)e/ s an annular

base ring A08Ptralbisnpdditionedvaigt botidm! pepiosof phewssanthhrdnad tfat is in sealed contact with
an inside surface of the end 206. The base ring can be configured in generally the same manner as

the base fnigrgescribrd:akavsasiHRitbeassembltillvaiipied Mddfis404 and 106 that are

attached at opposed respective top and bottom shell ends. The shell and ends can be the same
ag that disclosed above and illustrated in FIGS. 2 and 3. An annular base ring 108 is
positioned at the bottom of the assembly 100 and comprises a groove 110 positioned
circumferentially along an outside diameter that is sized and shaped to accommodate a
sealing member 112 therein for forming a seal with an inside surface of the end 106. The
base ring also includes an mmside diameter section 114 that is configured to accommodate

placement of a displacement tube bottom end therein.
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[00671A generally cylindrical displacement tube 210 is positioned concentrically inwardly of the metal
shell 202 and extends longitudinally upwardly from the base ring 208 to an upper ring of the
dlsplaceme%gg)g%%ggtnat is in contact Wllth a top cap assg:-mbly 213 po%ggﬂfsqo%gﬂgg&qper septlon of
the assembly . The displacement tube is generally configured in the same manner as described
above for the assembly of FIG. 2, and includes a water inlet 214 extending through a wall portion for

receiving WESurizifls Wate g th & HEseiRER Tob B t A ES I TS BIg I8 REr b MEMBEFD 16 is radially

interposed-petvagntbaraetabshe 202 apr thevdisplasemenidetbaidhQs pheigedapsibletaner mold
member is configured in the same manner as described abqye for the assembly illustrated.in FIG. 2,
a1 prCUASTH .76 1 OBHR PR Frihal SHGR FT LALARBER ) DY SESHEPTEELiving and
casting aitentretadrhmastancentppsitichafiereithcUppdvantilower seinforeingriagsid@bands 220 and
222 are u§§dsteo Ekree im%n C Ilgrgéiblg inn%ragmolll(a me 10%%rfirt'1eax9a ﬂ]rned %%di It%&sﬁiitioanﬁ 100691A top ring
224 is fixed 10 the 1t ‘cap a sem%)lyl?fg and s ﬁosmoneé Gver end 204°of the meta shell, and an
annular sexlimg mientisera22 6ean‘bealseonenibot' 1d Hesivdd seul Hetwesarthie eniurd the top ring. The
top ring 224.ingludes andosige digmeter that, tagether with an outside diameter section of the
collapsible inner mold member, forms a pouring WO 20091139974PCT1US20091039091 cavity 228
therein. Th ring 224 inclydes at |east one lip or ring 230 projecting downwardly to register with an
outside SUMEL of (N EBHATER B rRNTAIAr 3100 it QS PRI R VBH g the
pressure tasting precasendd0va] pertop thtsenfidnL hrdsattached: toaragpdirend of displacement
tube 210. The to assembly 213,is positioned aver th .ring section 212 of the displacement
tube 210 B0 R A 1 T e L R R e R R o
extends tiroauh 44 tpprorEinauka Mg 286 aisd sdboret danliarteiny23Lofnbledepasaprassembly 213

to facilitatg, the, OplivaLy %fﬁQﬁleb%Er R MOFALERMPISHAN;INGINE DALY 1Y FRYIN 48,and 228

before pressurization. The fill tube 232 can include a watertight connection end to accept attachment

with a suittbfe Ebndhsidigtapener Jamerrybvegauapdy PRoTGTo e ke EEA BRdPple
embodimgaidhefill tURR iZ38-asR diemete Rl 2BRW AHaGhesmiaiagilitate The RyraRighor pouring of

the concrete or mortar compaosition t_herethrou%h.vl_nlan example embodiment, the top cap assembly

213 and thetB5 RAG 22509%8 L6MKIHBE Hsea 1B SIFRP & e RS RSE8t BRhular ring 231.

[00711Theréenicap asseintehl 218 isemadeny prabaseegper annular ring 236 and a lower annular ring
231 that are spaced apart and fixed together by gusset plates. The top cap assembly 213 is placed

into sealeghgyytact ok anoHIAL SIS 234 ANL-RABTHE AP CaR ABIERLiRNBldl inyBlace by the use of

a locking member 238, such as a snap ring and the like. In an example embodiment, the locking

member Zashanisshafrrifeperding Pidbemaeiiswkeirpleiissasreidagemnsntiwittiih a groove disposed
along an adiasent siufaceaf the enrdwingnhiatiaghrdde therdisplacemenlube2t0:1i08421The

materials used to form all of the elements noted above for the assembly 200 |
the attachment mechanism used to attach the same to the top section can be a signode strap or

the kike. It is to be understood that the exact type and/or configuration of the attachment
mechanism used to attach the wall member 116 to the top section and base ring can and will
vary depending on the type of material and/or structure that 1s used to form the same. For
example, m the event that the wall member 116 is provided in the form of a rigid but
expandable material such as a fiberglass pipe or the ke, the attachment mechanisms may be
different from those already described. However, the function of the same is generally to
both facilitate attachment of the wall member ends to the respective top section and ring
member, and also do so in a manner that minimizes and or eliminates any unwanted leakage

of material on either side of the wall member.

{6081] In an example embodiment, a top seal cap 148 is welded to the top ring 128 to seal

off the mold assembly. In such an example embodiment, the top seal cap 148 includes a il
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can be the same as those used to fowl the same elements noted above for the assembly 30 illustrated
in FIG. 2. [0073]Configured in this manner, the assembly 200 is operated in the following manner to

form PCSP. red to the assembly of FIG. 2, the assembly ill ' 3 permits for
the top cap éiéhé%rﬁ%ﬁgggfg to be placed and locked into position prior to de |@Zﬁr%r?%“%ﬁ@%g}1crete or

mortar composition into the assembly. A desired volume of concrete or maortar comé)osition is then
delivered Wy 2hBensy Bl b tHated sty b irdsrsrtidmugbdiening théoehamber 218
and at leaglia-PREion-ektne chambeme 28nc MO R0Rdt i BaHAREDAIS0090SANE [0074]As shown in

FIG. 3, and as explained above for the assembly illustrated in FIG. 2, the concrete or mortar

composiigi) ve} s & dssifed iSiANGR SRR LIS 10 20 B ACHLI0r e digR  concrere

surface level during pressurization, e outward expansion of the metal shell, in‘an example
embodimentingie @ssemibiyizd0camirt ticconathe pTaattiaoissssitonepoapskaumeaenr 180 degrees

from the fllluyoe, AN BRLGAR B UAd 8 ANRRASHYAIANAYRG IRKFGIeCRINBGWRsLIEe desired

concrete surface level is reached. If desired, a float or the like can be placed in the observation tube to

facilitate 4BeURstelffl (avaridihmmiiii oD TS |BPR AR e IS KiGHa & mposition has been
deliveredptbafilllioe) sl aseehatt andrwalessidliseeiadiinta liboas serhiy Ay augh the inlet 214 at a

desired pressure The pressuriz gw ter filg the annuL%r space between the displacement tube 210
and the cONERGHIA FHAOTE A L2 ! i (B BRSSO P B SHBEOF e colapsible inner
mold membemacdrpoiaisthedbily thawtyt?28aviberd jaierates tatipressungeithd Zhncrete or mortar
composition. The water pressure operates to impose a desired stressing pressure on the concrete or

mortar co itionNAEANRMIRING AR IHhE Metakshelimiha,same Mapagrdescribed above for

the assembly illustrated in FIG. 2. [0076]HG. 4 illustrates another example assembly 100 useful for
making tHESPBSSUH 48 corelateB ittt s fichrdis stddhssvembiiineamsseaApieassembly
i”ustrategcﬁalﬁﬂ)@%r %@Eﬁ@‘ %zhﬁétggaﬁqﬁﬁ&am?mapﬁimﬁm?mﬂdgmﬁ a@@em&&%@: b?gimehnt
illustrated in FIG. 4 makes use W. er, e.g., a blagder, g fiberglass pipe or the like, that is
capable oFHERGEAEE b BB RS U A RS 8 e SBLIRtE e ARG T PBring and
pressure dastinglprocess | dhdhthedsis igmavabieckiamitiécohosete theelispheertizet RESPNs formed by
removing the initial expansion.pressure in ¢ er 152, 100771The as ly, 100 makes use of a
metal sheﬁ?afg%r%enla eexrgcliatse %5)2[ izg)en aildget?% IZI?%%] a%%%éﬁ%é%?%%ﬁ%?é‘eﬁ%%%%%@ 'I[Icl)|c%}1 and bottom shell

ends. ThékHdeéirairtd, eratls candoanthiesshitie as that disclosed above and illustrated in FIGS. 2 and 3. An
annular base ring 108 is positioned at the bottom of the assembly 100 and comprises a groove 110

positionegooggumieremtinliy-alpngdn-auiside dismelsr thatissizadrabshaped 4p agsemmodate a
sealing member 11 therzi}r%efo formin%‘a %eakwith an inside surface of the en ; 06. The base ring

also inclulSDEH MRS GiSRERP S RN TSRS YRR SR ML AEAE Bfacement of a
displacemispiidchechottbm @nchtherdiodiment, prior to casting the concrete core, the annular

chamber or cavity 152 existing between the displacement-tube and the pipe is pressurized by
a fluid such as water, and the pipe is expanded under pressure. The pressuring fluid within
the cavity 152 is sealed off, and pressurized water is introduced into the mold chamber 150 as

described above to pressure cast the concrete or mortar liner.

[0085] The water pressure that 18 used to pressure cast the concrete or mortar composition
in this embodiment as well as the duration of the pressure casting process can be the same as
that described above for the assemblies tllustrated in FIGS. 2 and 3. During this pressure
casting process, the water pressurizes the concrete or mortar composition, which pressure is
transmitted to the metal shell causing the shell to be stressed and extend outwardly a desired

amount.

[GG86] Once the designated duration of time has passed, the water pressure within the

mold chamber 150 is released, causing the metal shell to contract on the cured concrete or
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WO 2069/139974PCT/US2009/039091 100781 The base ring 108 further includes a mechanism for
~ engaging and forming a seal with a wall member 116. In an example embodiment, the mechanism is

provided in o1 262 seal ring 118 that is configured to fit within a grq@;glgﬁgg i)ss%)ﬁed along a top
surface of tégsning én(}tﬁat is removably attachable to the ring by a threadec atta%%lment means 122.

The seal ring is g:onfigqu,red to engage an end portion of the wall member, attaching and sealing it to the

base ringMArEE dRFGAASHHEID A ARRPErEsHL sand iHareud sttt riasida dirati LB tween the wall

member apgkite hasertin il 0y AMening Tadiaitop tethemassambib&0G220tpting 126 comprises an
outer sectiTo§ 1(128. tQat i?aqﬁitionec%hoverlatgo(gt'on ?I the end 10t : %rfdd ne or more a nul@gr sealing
members® 8&%%8&%8 SdWtAiN Fé’srﬁgé \i g%eo ens”fg‘isa}gpo% FCrEamTerSHtAiy around the end
104 to prewidéaibeawsitlpihrerotitep dectondiBeiite topiraaydb2Grincisdesram thnérsgdction 134 that is
positioneg;aqainsi-alon section 436 hab b.cannesied i e isplasement e 1aflhe displacement
tube extends longitudinally between the base ring and the top séction and is positioned concentrically

inwardly St ezl theersiserbn 6T rhestopEe clioncaB61ip thatdkdsasgrodlad tadthavisgiae annular sealing
member 342 slispqred Hcinthalpiruides.2 fesied seal With IR i INgORRE SEEHRT134.

[0080]The wall member 116 is attached to the top section by a suitable attachment mechanism 144,
dependin%f’é}drﬁwe type of material that is selected for use as the wall member. In the event that the
wall member is provided in the form of an elastomeric bladder, the attachment mechanism used to
attach thé(déMe to thecafsgetimeaP((s acsiginadedirahontimadikésitrisetbabeveraderstood that the

exact type andlor soniguaion e susesn; peshaipmAsSL iR AlREE Naf member 116 t

the top s C'[I_On an ase rng can an vary ae e_n on the type of materia ar r structure that
is used t@ o ehepsaeranEoly exdansrel e evbny itaththeonslitrasmiosien a@BosFavidedsh the form

of a rigid hyt eypandable materialsliah s AdhergiasnRIPS R ek piheratieehmant meghanisms

may be different from those already described. However, the function of the same is generally to both
facilitate AHABIHENE GFTHEdIRIPHIE ATFEr RS T (T RCETRM SR SBeRBP A P FidsIaRsber, and also

do so in aymaneskthatdinigizescand.enelininaiessaay o wastesiaakageof.atedal an either side of
the wall m mber.é}%OBllln an exampl emboFc:‘i?g\ent1 a fop seal cap 148 is welded.to the top ring 128
o sbal off ST P BES B S 8 ARG BABLAMAE e A P2 oy THFelces a fi
WO 200913 9874PETAS2008/03909 Lutilietlas kel thictherassennilyt il usteated fir Bd&p 3) that
extends thr ugch the cap 148 for delig%rir%g a desired volyme of hed concrete or.n rtarfrcomposition into
the asser%] y@ oncrete Or mortar cause v inc QOTH})?GSSlVe STECES applicd 10 1S CONCreird ncr wrom

the steel cylinder. The use of the expansive additive can help to maintain the maximum

prestress on the concrete core and metal shell relative to the pressurized stress in the metal

shel! during the pressure casting process and curing stages.

[0888] In an exampie embodiment, it may not be possible or desirable to pressure cast
above approximately 90% of SMYS. The release of pressure during the pressure cast process
reduces the steel stress in the PCSP to a value substantially below 90% of SMYS. At this
point, the presence of an expansive agent m the concrete or mortar composition can apply
more stress to the steel to offset the losses from creep and shrinkage, without over stressing
the steel. It is desired that the expansive agents used for this purpose have a delay time from
initial concrete cure that allows the concrete to set sufficiently to resist the steel prestressing
and then later (afier the pressure is removed and the pipe removed from the mold assembly)
the expansive concrete adds to the steel prestress without taking the steel beyond the design
yield. The creep and drying shrinkage also occur after the pipe is removed from the pressure

casting mold, so these two opposing effects offset cach other after the pipe is pressure cast.
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[0082]The assembly 100 illustrated in FIG. 4 is used to form a PCSP in the following manner. Once a
desired volume of the concrete or mortar composition is poured, pumped or otherwise delivered into
the mold ca\a;g ﬂlrgg/@%g%lger 146 to a desired Ieyel within a ther chamber];&@%g%ﬁ%glaboye to
address the drop In concrete surface level during pressurization) and the concrete or mortar fill source
is sealed off, pressurized water is introduced into the assembly 100 so that it covers the surface of the
poured cah¥8te orbIRE CORMSOSRSATSHRPRIN PHSRErRIss SIS SerSBURRISHAMST thE top ring

128. [008gjhmene:amkodipiephof-dhe @ssershbhd Olntie:-wathsrermhes td@issapassive member such
as an elasécr)rlﬂieric %laddgr or the Jike and the asser?b%l{n%%%r?istesﬂ?n annular (chjag{nber or cavity 152
that is fillé e GER SV B i SR AT A KU 8 Wa?eerxﬁ?g“gg & the mold chamber
150 is increapesttapacddsined Ievel) hecnatey pregsurétin thenamnulapeasityudhbiZinbeeases by passive
reaction directly onto the .displac nt tube. . No, real force js rted o the wall member itself in this
ebodime Rl T Bl R R B L e podiment
of the assbarfisp 00! e suall ne et 16 isvary denivedimenibe neublras fdiberaiabspiive that has

been posiinag caneaniricalbheisbindine diplare RN bR dhisRihadine pi-AHOELS casting the

concrete core, the annular chamber or cavity 152 existing between the displacement tube and the pipe
is pressufzédpye-HsickRRgr Y water, and the pipe is expanded under pressure. The pressuring fluid
within the cavity 152 is sealed off, and pressurized water is introduced into the mold chamber 150 as
described @¥dye tolpressurepiasttheliconarebe crsthertacdiner.i{6608H0)Thie wiibh i essie that is used
Crire,. 1he mitial prestregsing of the Tete 5 1€ csNrinka . .
to pressure cast tg% ggpglretﬁ oL markar C(%Hg%ilté%p in };h%% %HE?%@%{[ %_SKVégU) E%he duration of the
pressure casting process can be the same as that cfescr} ed above ?0( the assemblies illustrated in
FIGS. 2 ana3cBuhing ity ipkesswidmeritmgopr obissscendnvhectopraisuiize suhaled idrate or mortar

compositie, whicPIRSMIE S TADEMILEd P JRamelahab el cAUSIDY hR.shelinde.stressed and

extend outwardly a desired amount. [0086]Once the desilgnated duration of time has passed, the water

pressure tHisfthé bl dearryinger 150 necrtiss sdrred augiigarensistal BRem b EbRtrRiee M the cured

concrete g W03 RGN ISREOQMORBI ARl yaariaiinarplaciRadtindmaigogapressed
condition, and catésin the inside di er. oféhe concrete or mort?,é liner ﬁ. decrease. The fluid in the

me
annular cRERERY HE S0 BP bt A BShTERE R F OYE R BRTAIR th XY e B4 B tHEPBHE &R sing the
bladder incagierembedionertanctbepfibdeglabsrpipe in thecothamdmbediipestdb cohwagiand free itself

from the i %edia eter of the cured.concrete or mortar liner, t by enabling remaval of the
sotormed BUEB oG e ALErLbf LA A Ll X SR MRS tne resuiting
PCSP caankhorediovbe e tisperib gt abivbifonthéngss sy embbadimemsithadingtenl in FIGS. 2 and 3.

[0087]Genstally &RERKIBGE6HS PEIGANRLLAISH NS PRARBR! ARSEHDEH ARPYEIAMS: specific

applications.

[0091] In a preferred embodiment, the concrete or mortar liner is under very small
prestress from the steel cylinder at operating pressures or the steel cylinder 18 expanded a
very limited amount above the free diameter of the concrete or mortar core at operating
pressures. This allows all the allowable design stress in the steel pipe to be used for resisting
internal pressure, while the liner and adjacent backfill support can be used to resist the buried
earth loads plus pipe and water weight. The amount of expansive agent required to achieve
the preferred embodiment will depend on the casting pressare, the creep factors, the
shrinkage factors and the desired operating stress in the steel pipe. The full design of the pipe
includes recoverable drying shrinkage. About 70% of the drying shrinkage is reversible
when the pipe is flooded with water and the concrete hiner is allowed to reabsorb the lost
water during drying. This re-swelling of the concrete can be used as part of the net

prestressing of the concrete liner, including all the various losses and gains associated with
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pressure cast using the assemblies and according to the process methods noted above for a period of
approximately 1 day or 24 hours, allowing the concrete or mortar composition to set and initially cure.
The concret&,Srzm%@Bﬁompositions used to form PCSPs of this inventi%gﬂ%m@(}};%ﬂ desired
amount of an expansive additive or agent for the purpose of achieving an increased and/or continued
amount of prestress as the PCSP_continues to cure during and after it has_been pressure cast. The
use of an' BTG HRRIRIGE Uan By NSRS CHRIRF S RGPk A S MICEEUS during the
cure of th@«<exensieQlpao Ak caserass fomeraep indhemeneierahmekatdatseady the compressive
stress applied to the concrete liner from the steel cylinder. The use of the expansive additive can help
to maintaag) MaTUM LIEEHeSS QB IR ERATIAIR SRIRANHBEIALSIS! selatie Jo e prpssurized
stress in the metal shell during the pressure casting process and curing stages.” [0088]In an example
embodimegitcietmenmastasdijsssemble errdblsirdbie v preadyescsadtcabove appBRirmtety 90% of SMYS.

The releage.f presaHeegipingithe Bf@@@t@ RATLRIQCESR FOAURRS diBnateq)isireag in the PCSP to a
value substantially below 90% of SMYS. At this point, the presence of an expansive agent in the
concrete SMHAPEBMISYSRISMIAIY Hi5Te Bress toMHB Qs ©f SR &t The IUEEds F6M creep and
shrinkager (Vg QuhoVRE stressiRbenemsieel.dt bdesiteddiiatihe cxpansiedpgedisdsaddor this
purpose have a delay time fro r initial conerete cure tigat allotvvs th conerete 10 set sufficc'!ently to resist
the steel esq%%%?nlé ARG RS At i%(fférr ?ﬁ%sp?‘élss? r rlgnr%rﬁg% Ant fﬁ%vﬁlﬁfg FIOVEY from the
mold assenitily)themexpahsiveosnaretd addkag thid steetipestress hvitthoy tthekingtivbedteal beyond the

desi ield, T _ dryi ' - ipe.i th
esign y'%ﬁ fﬁ?ﬁ&ﬁ%@@ﬁﬁaﬂi&%lé@ 45 %918%‘%%@&% e{ﬂ?ﬁeg't%%%{)ez&@\gﬁgé?re Caesfr\‘fvséure

casting mold, so these two opposing ‘effects offset each ot

2009/1399FaPCII S0 ol {0D89|BigiaiNece foandioaranares afett edewAspirpose include
those availahle,wnden e Riedusi-ramsLomparentfram. CheCemaniMandfagiuing Corp, to

compensate the shrinkat?te due to drying and creep. In an example embodiment, the expansive agent
can comptiedadatranbt %@%rséﬂ%?c@ﬁ%&?%@%%@éq‘ﬁ%wggﬂ%%‘éﬂ% REFRthe concrete
composities gibistehectcesstpedwnab i, cpRticn ase:ahapipxpansiverageniaadothe amount of any
such use can and will vary depending on a number of factors such as the materials used to form the

pipe, the girl]ﬁ%ee”'%gﬂg%%%%ﬁ?ﬁ@% ARG PARC S RABMGIESA0d ég?b%qgfgl%ﬁ fpplication.

[00901In an examp ment, the casting pressure is set to 90% of SMYS during cure. The initial
prestresshieglstdse eopicretecorddisgenbesdlisycemeisHmskayorehdicdraetes Bigiesshginkage of the

concrete plus Gr&SRJR NG RORCTEIEINRLI A RRLRIRRHT HpSadasssT.ataRuchdhat the full design

stress possible for the steel cylinder cannot be reached without removing all the prestress placed onto
the concreR@RFes S eiHerSheerty teidBmcratdmssisprsaaiidsroiavioine s ﬂﬁ%ofyoggﬂgility of a
deleterious:amnurargephsinerd theneonarsiedines anshsteelpipadpringaperaticamNetadhat small
annular gaps or. tensiap.jn the concrete is acceptable and.proven in concrete and steel pipe such as
VWA TP U 1 GEER T ah BT LB TGRS NI i coul e
anchoredstodivesteet, posentotpielent tiisramauiad gajctidusqplaeing tieccboerete liner in tension during
operation. All of these variants are possible and may be desirable for specific applications. [0091]In a

preferred iggtagdiment HSHEANATSIE; Qb INRHREINRLIIHPASH MR, RTGHREGR UGS S A RN he Steel

cylinder at operating pressures or the steel cylinder is expanded a very limited amount above the free

diameter BIPtheTEsRErdhatdt rebretiEdreing BpatrarhaiproseiitonT i cafstlianireasivable design

stress in thersiephRine-tohscusRMbipE [esistingiRtainakpirgs wesdvhide thadlingsind agjacent backfill
support ca}ln be used to rgsist the bu ied,ea%%loads_]%lusﬁége andﬂ;{vater weight T“h(%am unt of
expansivaSda PGS 18 RGNS eI SR M SECEMD S Al Sl B R QRTRE RGN pressure,
the creepifagtoiB)dieckhrihkageifachorsandcthedespiéd apdrating Swesshinsthe steekpgde. The full
design of the pipe,MgGiu recoverable dryin rfn . About 7Q0%.9f Jryi hrinkage is
reversble e e B o e los
water during digirtgfurthis reduegd|knpeoseiveien nenaerehiv senyseidoas! parcesteHmektiprbsressing of the

conarete figereJDclidoall ine ¥BsaLRRsRE HARG A0 ATARRIAN oA MDY Atncss of

20(19/139974PCT/US2009/039091 the initial castin{g pressure, the drying and cure shrinkage, the
expansiof BT ETEH SHREPIRSTTIESSEBENENE HJEHt PRI the creep in the steel and concrete liner
under sustained load. 10092)A feature of PCSPs constructed in the manner noted above is that they
comprise a
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concrete or mortar liner that is capable of providing a degree of corrosion resistance that meets that
currently provided by PCCP, reinforced concrete steel cylinder pipe, and conventionally designed
mortar Ilned@tg%@ﬁ%gﬁg., on the order of 50 years. Further, such Pcsﬁiéﬁ%}%&?% }!H]etal shell that
places the concreté liner in a compressed condition, and that does so in a mannerthat is more robust

and not prone to sudden failure when compared to PCCP, e.g., by the corrosion and breakage of

tensionind®ds. F@thermediftrionsind caltirneabif 2B srttwrHoass arans pedsiiet material or the

like that isgepde afnravidingasaasired degies ehdipieaiiespiastinn/rasistancs: kpparthe unwanted
effects of a Rc;ei)%rrosi\llgegnvironment ,oré%%%dic interference. Further, the metal shell can be easily

repaired By WHSE N BF Fe fiks: 6% ot Beer Laet b b B SRR HGTE having to remove
the pipe fepprséryice andidr mithoiuh having texeaive e pip enitom dfediticad loeati®ad [0093]Still
further, PCSPs constructed in the manner noted above can be formed in a single step of pressure
molding, where the concrete liner is formed in situ as the prestressing force is imposed onto the metal
shell that subsequently operates to place the concrete in a compressed condition, thereby avoiding
multiple steps resulting in saved time and labor. Still further, PCSPs constructed in the manner noted
using water as the pressuring medium above avoid the possibility of pump failure during the pressuring
process that could result in a scrapped part, lost material and labor cost and reduced manufacturing
efficiency. [0094]Still further, PCSPs constructed according to principles of the invention provide a pipe
structure that is very stiff during transport and installation. In conventional concrete mortar lined steel
pipe, the pipe is so flexible that stulling, wooden or metal supports inside the pipe, is needed to
prevent the pipe from excessive flexing, collapsing and or breaking the Liner. The thicker liner with the
compression applied to the liner from the steel associated with the PCSP makes the pipe very robust
for transport and burial without the stulling, which provides a further reduced expense when compared
to conventional concrete lined steel pipe. The equations presented above provide an example
comparison of the pipe stiffness of conventional steel pipe versus pressure cast steel pipe. WO
2009/139974PCT/US2009/039091 [0095]Other modifications and variations of PCSP constructions,
and methods and assemblies for making the same, according to the principles of this invention will be
apparent to those skilled in the art. It is, therefore, to be understood that within the scope of the
appended claims this invention may be practiced otherwise than as specifically described. CLAIMS:

1. A pressure cast lined steel pipe that is placed into fluid transport service, the pipe comprising: an
annular concrete or mortar liner forming an inside diameter of the pipe; a metal shell surrounding the -
liner; wherein the liner is in direct contact with an inside wall surface of the metal shell, wherein
the liner is in a prestressed state by the metal shell in an initial state prior to pipe being placed into fluid
transport service, and wherein the prestress of the liner in a final state when placed into fluid transport
service is essentially eliminated.
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2. The pipe as recited in claim 1 wherein the ratio of the wall thickness between the liner and the metal
shell is in the range of from about 5:1 to 80:1. 3. The pipe as recited in claim 1 wherein the ratio of the
wall thickness between the liner and the metal shell is in the range of from about 10:1 to 50:1. 4. The
pipe as recited in claim 1 wherein the wall thickness of the metal shell is in the range of from about
0.06 to 0gbaimgbes, and the wall thickness of the liner is in the range of from about 1.5 to 10 inches.

5. The pipe as recited in claim 1 further comprising a coating of dielectric material disposed along an
outside surface of the metal shell. 6. The pipe as recited in claim 1 wherein the concrete liner is

formed if-situ WhRESSRUM CAREINEE RipetPBE Tt s RiBR%EdRIRIAERRsaar @MgfeIing piRSsurized by

direct comtagirsétgieen uncured concrete or mortar composition and a fluid pressurizing medium to

place the liner info-3 Siate gheRMSERRIATWhE T RGeS Ce dignd e piassiie is released. 7. A

pressure cast lined steel glpe comprising: @%a_nnular concrete or mortar liner forming an inside
diameter of the HIPECATARtSLRMTLNA SiMUATE the liner and having a wall thickness of about 0.06 to
0.75 inches;  whereireietheeliifeinttirsel wenkahiokitess theitis el beirfar¢oos O dmedstrshiedf the shell

wall thickpessinthengiartiReiinasrissifcdiasteaatagtndtihan inside vwall isuidpsaef ths- metgleshell, and
wherein the lin risgur,[%%in gtu ?ﬁai st the metglwhell .by{ direct ontacéﬁ\ﬁ/eith a fluid press rizing

medium ?S'B%%é"?ﬁe e AN PP S P BAMpYESSoh B TRESTHEa RS ' 'R 3AGASr making

a pressutBeaslarfrstinieBrisipensnomssmigeHe eseprtisfly eliminsiegring a volume of a concrete or
mortar composition into a mold formed between a metal shell along an outside diameter and a

movablegore g BRLANIAN A A ANRIALI 1o WRIESHRG 105 SAIARSLRD QA plssure force to

expand the metal s wherein the pressure force is provi %? pressurized tlul thatis in direct

contact Wit §ihscBeptseLomipdaRigRnge of from about 5:1 o 8

3. The pipe as recited in claim 1 wherein the ratio of the wall thickness between the
liner and the metal shell is in the range of from about 10:1 to 50:1.

4, The pipe as recited in claim 1 wherein the wall thickness of the metal shell is in the
range of from about 0.06 to 0.75 inches, and the wall thickness of the liner is in the range of
from about 1.5 to 10 inches.

5. The pipe as recited in claim 1 further comprising a coating of dielectric material
disposed along an outside surface of the metal shell.

6. The pipe as recited in claim 1 wherein the concrete liner is formed in situ while an
uncured concrete or mortar composition and the metal shell is pressurized by direct contact
between uncured concrete or mortar composition and a fluid pressurizing medium to place
the liner info a state of compression when the liner is cured and the pressure is released.

7. A pressure cast lined steel pipe comprising:

an annular concrete or mortar liner forming an inside diameter of the pipe;

a metal shell surrounding the liner and having a wall thickness of about 0.06 to 0.75
inches;

wherein the liner has a wall thickness that is about 10 to 50 times that of the shell
wall thickness, wherein the liner is in direct contact with an inside wall surface of the metal
shell, and wherein the liner is cured in situ against the metal shell by direct contact with a
fluid pressurizing medium to place the cured liner in a state of compression by the metal
shell.
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releasing the pressure force after the concrete or mortar composition has achieved a degree of cure to
form a concrete or mortar liner, wherein the step of releasing causes the metal shell to impose a
compression force onto the liner; and removing the movable core member from an inside diameter of
the liner. 9. The method as recited in claim 8 wherein the pressurized fluid is water. 10. The method

as recitegl in clafmatwhﬁf@im@mw@\@b&&@r&a@leﬁ&eét@W@ﬂ&ﬁﬂﬁrmﬁgf%@sﬁé@belastomeric
member. 11. T ?I;g?odg \%%J T%\O%Iamge%whe |pggr%{jm§l %Rl%t%ore qgmog d':,tg)rpwded in the

form of a collaps mem & method as recited i claim Ereif the movable core
memberEHTE:S‘?*@\/r‘d’é?flI RIS %rﬁﬁ”@i‘% éjﬂfﬁﬂ%&’lﬂﬁigﬁm@ﬂ?&ﬁréqﬁdﬁ“@ﬁi?%&@‘ﬁﬁé &9 Jsidet formation of

the liner ¢iachentract to permit removal of the core after pressure casting. 13. The method as recited

in claim 8 Whersu&,%@.ﬁgqx@@snfe&aatm%ba%aésemglf@gel@&Qﬁp@émtﬂé e

The method as reC|ted in claim 8 wherein the movable core member is selected rou of
material &' GSREEIREPE HIBEIVILRk IR ARSSITBRIEIWALRL [5ife dipet EBWHM?B%%?@%P 7 The

method asmgcisédim claim 8 wherein the concrete or mortar composition includes an expansive agent

that with the meiashiRY FRIMHENEGS 1B LBRASE ACEPMRIERSEHBIES LA IRILASTs d6hidhgypethod as

recited |n claim where| the mold com rlsesa .annular cha ber that is oriented vertically. 17. A

pressure S455iRk 8”§?e%’l PR HFR08 8 rH?HS% B MRS PG RIAR P ISIRR B RIFBHARSHRE concrete or
mortar lifiegias shellfedmmsnseatampassiosider mné@ﬁm:&n@f thedmetal shell. 18. A pressure cast lined

steel pipe madesaeeardingetentharmetbeomesitad froalaimiSsmaenaindhe somergigor mortar liner has a
wall thickness that is about 10 to 50 times the wall thickness of the steel shell.

9. The method as recited in claim 8 wherein the pressurized fluid is water.

10.  The method as recited in claim 8 wherein the movable core member is provided in
the form of an elastomeric member.

11.  The method as recited in claim 8 wherein the movable core member is provided in
the form of a collapsibie rigid member,

12.  The method as recited in claim 8 wherein the movable core member is provided in
the form of a cylindrical rigid structure that can expand to permit formation of the liner and
contract to permit removal of the core after pressure casting.

13.  The method as recited in claim 8 wherein the movable core member is provided in
the form of a high strength steel tube.

14,  The method as recited in claim 8 wherein the movable core member is selected from
the group of materials consisting of fiber-reinforced resin pipe, plastic pipe, and
combinations thereof.

15.  The method as recited in claim 8 wherein the concrete or mortar composition

includes an expansive agent that with the metal shell contributes to impose a compressive
force onto the liner.
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19. A pressure cast assembly for making a lined steel pipe comprising: a cylindrical metal shell
defining an outer portion of the pipe; a base member operatively connected with a bottom portion of
the metal shell; a top member operatively connected with a top portion of the metal shell; an inner
mold member positioned concentrically inwardly of the metal shell; an annular chamber formed

betweenthe matad SMHcﬁﬂéisiFétﬁfe@@l@immbﬂfdﬁﬁraﬁ@ﬁ?ﬂl@daﬁméwwﬁ}ﬁt@l&ﬁ&%%@lfe or mortar
composifjon iﬁ‘&f;%mg&‘@ [neans for introducing a fluid pressurizing medium into the molgl_and into
direct contact with a'surface of the concrete or mortar composition to cause the composition to expand
the metal shell; wherein the inner mold member diameter is reducible once the composition has

reached aietermirasdulegres lofeclisee Dflpd heapressieingsbansendiipdrstseiiad drgiam 19 wherein
the fluid pressiiRDgMSdBrmURPNS s E}MQ&?E%H{&&%%%@B&(@ft%&#&éie'Bf%l%m 19 further

comprising a disglacement tube that is positioned concentrically inwar e Inner mold member.
22. The tgéﬁlil IEast assembly as recited in claim 19 wherein the fluid pressurizing medium is
disposed within an annular fluid chamber formed between the displacement tube and the inner mold

member.123. Tm@@mr&m@ﬁ%m?m@mﬁts&m '%%@?vtvﬁ@&%e FQSJ:Q&%%?TP& the f 'Uidt_

pressurizing medium is approximately. the same at the surface of. concrete or mortar composition

s Wi thinwtﬁ%%ﬁ r%?a%oﬁﬁf§§h% rm)oﬁgr%ner has a wah {E]uol%ness ’f%at is aebout ?0 to 50 times the wal
thickness of the steel shell.

19. A pressure cast assembly for making a lined steel pipe comprising:

a cylindrical metal shell defining an outer portion of the pipe;

a base member operatively connected with a bottom portion of the metal shell;

a top member operatively connected with a top portion of the metal shell;

an inner mold member positioned concentrically inwardly of the metal shell;

an annular chamber formed between the metal shell and inner moid member for
accommodating a volume of a concrete or mortar compaosition therein; and

means for introducing a fiuid pressurizing medium into the mold and into direct
contact with a surface of the concrete or mortar composition to cause the composition to
expand the metal shell;

wherein the inner mold member diamster is reducible once the composition has
reached a determined degree of cure.

20.  The pressure cast assembily as recited in claim 19 wherein the fluid pressurizing
medium is water.

21, The pressure cast assembly as recited in claim 19 further comprising a displacement
tube that is positioned concentrically inwardly of the inner mold member.

22.  The pressure cast assembly as recited in claim 19 wherein the fluid pressurizing
medium is disposed within an annular fluid chamber formed between the displacement tube
and the inner mold member.

23.  The pressure cast assembly as recited in claim 22 wherein the pressure of the fluid

pressurizing medium is approximately the same at the surface of the concrete or mortar
composition as within the annular fluid chamber.
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24. The pressure cast assembly as recited in claim 19 further comprising sealing means to contain the
concrete or mortar composition within the annular chamber during a pressurizing operation using the
fluid pressurizing medium. 25. The pressure cast assembly as recited in claim 19 wherein the top
member includes a top ring positioned over an end of the metal shell. 26. The pressure cast assembly
as recite@4n claine 2besheretasturéasmblthe reanetatectimor BlLepaRSHioR hg raihg iR@qHessurized

's disposgdanarenalehd-aldor mstat shslL a0 BREINPAINNREIBR Uidnced - The pressure

cast assembly as recited in claim 19 wherein the annular cl er is oriented vertically. 28. The
pressure’EERUEEOgIRR A ReeHEd et PrestiEBm TRdiRer mold member is a rigid cylindrical

member having opposed longitudinal edges that are movably controlled to reduce the member

diameterp29. it PFESSUNE SRLASSRIDDYAS EREIGH dRimlaing JALYDREID eégem%émadasyber 'S an

elastomeric member._ .30. hg?gressure ?t st assemply as recited in claim wherein the inner mold

memberqgoé) ﬁ‘é‘%%ﬂﬁiﬂﬂ?f’c P ﬁ%SP%%t 8@5@6&’? hind contract a sufficient amount to permit

forming the liner and releasing the liner therefrom. 31. The pipe as recited in claim 1 wherein the

metal shels hasthwalbtRichass akabasl QO&IGE418 MshesnHadieeindbe JnsE basdanall
thickness that.is about 10.to 50.times that of the.shde!I all thickngss. 32. Thef%)e as rgg[ﬁelp in claim
£ .

7 wherein vr\%)gﬁ rtﬁ%mp%g' |'§ ri]Kn SIe IR |§|_n§£tr§?ﬁg?zlg nGt Praced BT A 2R ROR R B RETHE liner is in
a prestre¥sbig earitirnss Wildiwhersm Wsen the pipe is in a final state that is placed into fluid transport
service the prestress on the liner is essentially eliminated. 33. The method as recited in claim 8

wherein when t ipe is.i [niti i laced.i id t r ice the.lineris in a
restrese con e B S S R epon
sendee MEPIREUREEHN the liner is essentially eliminated. 34.The pressure cast assembly as recited

in claim 19 wherein when the pipe is in an initial state that is not placed into fluid transport service the

liner is inz3 presthessiedstradiian.3BAMNSLENAER SRING iR aifinal HAL: thakimBlased into fluid
transport service the prestress on the liner is essentially eliminated.
s a rigid cyhnanca member having opposed longlthmal edges that are movably controlled

to reduce the member diameter.

29.  The pressure cast assembly as recited in claim 19 wherein the inner moid member
is an elastomeric member.

30.  The pressure cast assembly as recited in claim 20 wherein the inner mold member
is a rigid cylindrical member that can expand and contract a sufficient amount to permit
forming the liner and releasing the liner therefrom.

31. The pipe as recited in claim 1 wherein the metal shell has a wall thickness of about
0.08 lo 0.75 inches, and wherein the liner has a wall thickness that s about 10 to 50 times
that of the shell wall thickness.

32. The pipe as recited in claim 7 wherein when the pipe is in an initial state that is not

placed into fluid transport service the liner is in a prestressed condition, and wherein when

the pipe is in a final state that is placed into fiuid transport service the prestress on the liner
is essentially eliminated.

33 The method as recited in claim 8 wherein when the pipe is in an initial state that is
not placed into fluid transport service the liner is in a prestressed condition, and wherein
when the pipe is in a final state that placed into fluid transport sendee the prestress on the
iiner is essentially eliminated.
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34. The pressure cast assembly as recited in claim 19 wherein when the pipe is in an
initial state that is not placed into fluid transport service the liner is in a prestressed condition,
and wherein when the pipe is in a final state that is placed into fluid transport service the
prestress on the liner is essentially eliminated.
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