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[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



It wll be understood by the skilled artisan that the
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can be improved by the apphcatlon of a suitable polymer coating, ¢.g., such as one available
from Ameron International under the product name Amercoat 1972B. While the use of such
a polymer coating makes it easier to cathodically protect the steel prestressing wires, it does
so at an additional cost in terms of both manufacturing steps and in terms of raw material

cost.

[0007] As the underground utility complex of pipes and surface or subsurface transit
systems in typical major cities have increased over the years, another problem has arisen
from “cathodic interference” or stray ground currents caused by nearby steel pipelines under
cathodic protection for exterior corrosion, and caused by DC powdered transit systems.
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 currents

introduced from the cathodic protection can cause corrosive currents in the PCCP. As a
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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
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SUMMARY OF THE INVENTION

[0010] Pressure cast lined steel pipes of this invention comprise an annular concrete or
mortar liner forming an inside diameter of the pipe, and a metal shell surrounding the liner.
The liner is in direct contact with an inside wall surface of the metal shell, and the liner is
placed in a state of compression by the metal shell. 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, and preferably from

about 10:1 to 50:1. In an example embodiment, the wall thickness of the metal shell is in the
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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 of this
invention are capable of providing a desired degree of protection from external corrosion and

cathodic interference. Still further, pipes of this invention can be formed having a reduced



di ethyl ether; "DW" refers to dinethylformam de;
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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)
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Step 6 u3|n% a substituted benzoyl chloride in an
[0023|] nerThfsmS/lé 0 inslisles adeldiskapied codb Hun i, attarhdd ag obagaal end 18 of

the pigg §pREs bkt AT ARt e pBRF ST 3y SEtk 0" Fispigor

20 is @B¥nad aevilg bR guRr dhRtdr bitt@andhRpYd tonﬁerlﬂﬁM e Belisdaggicknd 16
an appropriate coupling reagent such as PyBOP and a
of anofhgripans, and s dsyiene AmesanAYpgOAESS 33 dsposerbeircugyprgatiglly
therea?&?lrﬁ c}ﬁg‘t a‘ij% ggﬂ%ﬁ)e@% Q?&%nﬁg)darté) 6fa &erﬂpr%ra%ﬁ'lﬁresegfmé" ﬁ{eﬂ%ers or
- hydr oxybenzotriazo
seals {a—s(hawdluﬂrﬁl(ﬁl)a)a.pﬁﬁmed)jp&ibﬁeﬂﬁto bt e dedinediléaki-tight seal between

ydrochlorlde th an appropriate sol vent such as DW
adjacqr pesdy | Tharkelinndrgiegs P@f{ﬂl%ﬁ@ﬂ% SFOI?Qﬁ*\W}P ¢ sgye pgsimilar
to tholg\ﬁeﬁ's%ti%thv\éotnk}elﬁlogg é’élgﬁfeoﬁﬂ a @%{tgch%!ﬁg@énd@é% metal shell by

T
yaura cross coup condi tions The skil artisan
appropiidtk wobttegimiger. t Hat sctlivey members @aw be foetngd dfontandastomase

eful far. facilitatin ch cro lin eacgtion
materihe Ofhon ik SR Bd e S ah o Biner Shoh &5 b Bitee
formedWell af8 spibOXaHag oVBeiheF diflRRnl1926AMARed SnBCKANREIIEREHaih Rnd pipe,

the presence of a base such asCPotaSS|un1phosphate
or laptwdlhagisteel pipe are equally adaptable to PCSP, as would be understandable by

someone skilled in the art of steel pipe design.



nonohydr ate, sodi um carbonate, potassium carbonate, or
cesi um carbonate The reaction takes place in the

wer@saswes of a pal |l adi um cat al yst such as PCT/US2009/039091
t ps(di benzyl i deneacetone) di pall adium (O wth

[0024ip°y§2hﬂggﬁ§}<g§ﬁ§phi adimien ﬁéggppﬁﬁgﬂﬁ I %&%ﬁ&é(} 1 is shown with
spemﬂkPﬂ)?ém QHS, 1P@|t$ @@Iuﬁu@rit@@de@laf ﬁ@spsc&ﬂ%ﬁﬂhﬁ‘\%nh@n t&ebe configured
hesis of catalyst Din J O g Chem 2007, 72

having ﬂ(fﬂer@zt ty®y ofi petisras aalléchior by sermstihidarendusaanmdiepéomt Eare
60 C. E
examlf, @P RSP hov it St 4 ROTRLHRsfanG b sl & hgwpppr it can

be ca BObRE weelded irddhk et WP lt@dn Waidn Swapde Byl td8lpofiti the aeblhiRSOD for
shown in Step 2 under Suzuki - M yaura condi tions as

a lap welddn theelipldhrasi ndrpye ¢ swagoddel, pabidingrnicalnggionEe tof scal against
|
the st eg Eg}é OE%%oéz:cah 3&1\%} ?g{%tl d 5&58%8?\%5@%%& {?(ﬂléw#ﬁ‘t gfb)e %18 g{f)g twall)

that ﬁtshamaéra Reagtsl bedl (awsgddshiotthié pihe beudly.o¥tlis wdcapdersaod that PCSPs
car boxyhc aC|d s described previously to give,
Const%wtsgﬁﬁ%ﬂmlagéq PHRGIRIGT & @l&nﬁ‘éemlamcwmpmﬁeea&a%% gisd vaisEpns.
Exanpl es are provided to illustrate the invention in
[0025] Ur t RESthdlebable (ﬁﬂﬁie PERP &S@ALthE ¥PAE&L of HRHRLERS quls ﬁllaé‘ed ina
conpounds of Fornula I The nanes of the conpounds of
desneﬂheat@o%mmessmenmrdn pmcemgetrm?rthﬂ ¢cyn1pi¢t@d ipifedn by application

destin%%oet?gr g? rtﬁ (rgl? 1%?] éﬂ%ﬂn)s%qfeﬁ ai)}uhled some depth within the ground, by

operafioly b the nReN dhdlt 2 é/dt}n -dREANY bn BRINERA B ACxdmbRY dmidintént, the
est er Add 1-chl oro-4-(4-fluorophenyl)-phthal azi ne (3

metal shell {2 ispiregedwicyiradalegrassiuging die rypeess of casting, i.e., pouring and

curin@l?%%rlea @ I4 %g 5 g@%ﬁ%ﬁglyéan}%ﬁ{e g@ﬁl(%% %!uﬂeéit 1? rétd,'ggi‘%dy ‘Jtaé% 8 ggcy mpression
to mesiddsiredpiphipeffSfndiicy crifdeiate. @t toldéet @ patticuBir dadiaise application.

Di ssolve the reaction m xture in dichloronethane and

wash wi h brin anj hase wi t.h sodi
[0026§ | fglfee 1°#<P?St3éfthea%k}aﬂ fk}%% Pla?é ﬁw&anfiéﬂﬂaé depending on the

partlcﬁfa? aés"i’% er%ﬂﬁﬂaﬁé’e ctrR@rlaf ARt dnBGisE l@HﬁorpyAfgleﬁ’echI feature of the
chromat ogr aphy (20.5.1, hexane ethyl acetatwe.

PCSPanﬂmmﬂathmkm®$héﬁ@mkmtﬁmyHEHMCHhmsﬁmnkmuoﬁwpmunwmaglaaﬂpqm
4. 45 880 ESIMS mlz 437 2. (M+ 1 te
(.. 57 s Bntiiad R eyt e 405 roihipfin & Sfiger siee
shell WRh /a‘tllﬂbﬂt:éf'hn@lsfnq{ staté df BomP¢SidHiMows the use of D/t ratios that are not
| - chl or o- 4- é4 fl uor o- phenyl ) - pht hal azi ne (75 g, 289
otheryiyp pyssitdqwitp spavstions stacbpingt whicigeogld Isve tqmmu«;h flexibility to

resist %gﬁaégﬁ%% rgil 9[&1029 (lﬁ ch am'h?e %h%gﬁ th 'ﬂl %hliltliner tst;%el shell can

e reac Ient nper a

now bRidsigaed udiliehighetrdeyigh @tr@sswaﬂﬁ)lht (ieléteﬁodts)y c@hhgﬂte doRérete or
solids by filtration and dry in a vacuum oven for 3
mortag Hper at gpeypng pressure Thayse of asissLiigll as centigsioddo &heysg of

tensmlgll %r es%% I%gnxgﬁ g\ﬁ ar@éCﬁE Cg’s t@lg/gk%r 1BPrcfé @{)@stét@%f compression

ny p azines nith el ow
with aemﬁdnmbaﬂ topudt ctrhcuiertattdae be rnade 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
PCCEP 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



procedure described in Preparation 1, using the

appr oppat e chl or opht hal azi ne and t BOC pr ot ected
wapimapioper i di ne: Preparation 5 PCT/US2009/039091

{I'-[4-(4-Fl uoro-phenyl)pht hal azi n-1-yl ] pi pendi n-4-yl } m

brokeﬁ%?%{o%énﬁn\glﬁgs?lp tdﬁ&c#lﬁ‘[o? Il?elcj tf%&ﬁlg%)}ﬁ? 1})(6)95 1r171Lt?16 }glpou%d PCSP of this

invenfitt KA aaﬁilﬁre]mé@h]m@ﬂn%&%‘ﬂhhé wdtbf %&ll'ﬁ{%e' ¢ar BNt iarRedried by a
tert-b\ity\ ester ( 1 a, nmol

gradugli le#lage threvgiuthe s(eitxheﬂﬂ)at Sownqt esult eme tsuldmné@ss o6 opmpression to
erat ure.overn trat.e

the oobFEREHRIEF BT Bl PR e O ETREPERIG TR rEBY R e ofan

exterrdi Gt paERbIERAIkaDY wigiig iddasstN NaOH and bpne Dry the
organi ¢ phase with sodiumsulfate, filter, and

concentrate under reduced pressure Crystall|ze t he
[0028] ¢ ¢ | RCRIsowstHerted WW%W@@P@MS&%%W%@& naptsgiaponcrete

or mo fe}&lﬁértolr CofeUTH gl‘éﬂlqo{u‘ﬁim mgtall %(ﬁ) %l%/e g’i‘ﬁ ﬁr Ng'k esses of
1 ternate proce ure 1 SO ate as t roc ori elg
the liGo ndbtha ehdslbd:ame»raEy déiﬁﬁdmg)onahfdeﬁmétd&a'n@ Ides(lﬁﬂcmthl)la ahe 44uf€ of the

Add_ acet chl 4 10 mmol. ro se ov
materyly trn itk REATE RGOS é@ﬁﬁmnce I BRAFTTIG Cppediment,
the mﬁ&i dF tHe M eARAnetal shell wall thickness can be in the range of from about 5:1 to

{1 -[4-(4-fluoro-phenyl)-pht hal azi n-1-yl]-pi pe
80:1, p@ﬂ preferalily imtht narge axf immi dboait i1 ¢ 1 te fP -le[thy Ityraeal etlret(g’?llraglge for

the linsf (3 TTR ot b 8,00 5 KLU0 b7 ¥ tsSlre SesfnaThd i e figym about

500 phil th t6I0WDIpRNWEErYthe Mnt8rn¥ BsestcON ediuaéd #lzcko AT thd trésstod the outer
prOV|de the title conmpound as a white solid (58 g

steel 19BoAs MESAUS trangcBsd (q i caycrricep mostat ﬁ@eu Abe slleatid demgn stress
on o TLASB R B OBLRLA, 8 2100 AR ERBBNR e e

pressufe ephigaint ol ﬁelduﬁitlﬁ@stéél asapiprtpsutai @edl BEXT. pr ot ect ed
ani nopi pepdi nyl pht hal azi ne Preparation 9 tert-Butyl

1- (4-chl qropht hal a . .
[0029] _ yl S}g}eﬁeg[yoq%ﬁalgn%ﬂl‘tz ﬁéi@ﬁgﬂd)tgg the, Hegr oB5pis; b pproximately 10 to 50
times %e%hﬂ‘kﬁ@gs %"f%%&@i SR s6R e%lmﬂle e ghﬁﬁfﬁ:laf metal shell can initially
rer/-butyl methyl (pi peridin-4-yl)carbanmate .54 g,
be str@Bedtorabob 42,80bpp ethas sidanpeasiyondhe i m06thmhenf4de@&n stress

in - .hyl Ildon 50. 0 .nL ther
for tqh oGy e I o oot il it oo i i gt iekcss.
Becau¥k Xicbl @picidi®s 1he enaf@ Biteridlicobtefbr MiePipta tdddbinkithd &1@1‘1 tf¢kness of
to obtain a yellow sh solid and dry at room

the steabppapenont o half far thedl{hR wpesentpy pilisanbyl savings & gey material

chromat ography (1:1, hexaneiethyl acetate) to obtain

the desired product (5.79 g, 62%. ES/M5S nfz 377.2

(Mtl). Alternate procedure: Conbine 1,

[00304- dihﬂ:nﬂ md@@i@hh@ﬁ&ﬁ@ﬂ@ of theOldheg, coBéSoAnquhﬁc aftee idledsitigythe casting
met

pressyrg ﬁg]flp.g, F%%S{‘(Ié‘[g I{)gt ) %%C@@bamé t%e thlckness and2 rnodul{ls) of the core,

the thickness of the metal shell or steel pipe and the amount of stress in the steel while under

Ccosts.

the casting pressure. A force balance is set up between the steel cylinder and the core (i.e.
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 84

inch inside diameter.



and DMSO (85 nL). Heat the reaction mxture at 85 C

for 3 days or until conplete consunption of starting
wordosnsals After cooling, transfer the reacti oPCTVUS1009/€39091

to a separatory funnel with diethyl ether and wash

with water. Separate the organic |layer and dry with

MySO , filter, then concentrate in vacuo. Purify the

ﬁ?ﬁéﬁb?g-%fﬁhﬁfﬁ%é%m% (e85 CadtSterl Pipe

70 . E 77.2
T%%npuc?ac rm Eﬁg n 5 3 N%t! i li% o%ter stegl pipe a«)ﬂd moeld during the

cagh NCre rﬂs'}gh isu zing i 3 ﬁlfi Hlatfegil?erputer stesl pipeinto

te cess
per| - y1)car bamate Charge a m crowave

o \jrg’!
Wﬁéﬁ%]%%lres%rg hahfhk the castin ti leased, th

sl o6 e%h?f m;’”ﬁwﬁ KT 'Sﬁﬁ T farce i e concrera imer
eq¥Aid FBIRY Bl {%el &b Qﬁo %Ee def"nad 640

4-(trifl uoroms hy phenyl or oni
ot assi um phosphat e tri basi c rmnohydr ate (209

‘ﬁ*gv%welv@%vﬁ A S ForqeEoneperedhéhapttphos phi ne (1&9«%@(1) 0. 064
nmmol ), 1,4-dioxane (3 5 nL) and water ( 1 5 nl).
Bubbl e nltrogen through the reaction mxture for 5 nm
PR PTG P8BIT slebiForaacet one) di pal | adi unfq@in@. 027
nmol , 25 nmg) . Bubble nitrogen through the reaction
iom&onr? ar.,an ther 5 mn. Heat the seal ed reaction
vessel  PH A MXY oWaveef Gonarie hour at 150°tiopidss t he
reaction m xture through a silica gel pad eluting wth
sebdavil vacuo and purify the
resgﬁI ?ﬁ‘ggt?’té§|zé§§n§§%§agﬁw @5 gel chromat ogr aphy
(30: 70, ethyl acetate :hexane) to obtain the title
‘maﬂmunﬁ%&rﬂﬁwcrét@S% . ESIMS nmlz 486.8 (Mtl).
Preparation 11 iV-Methyl-1-(4-(4-(triflouronethy
I )pheny‘sl ) p,ht hal azi n- 1-yl)pi peridin-4-am ne
ggdmgygr@cﬁt.or.l.&e Add hydrogen chloride (4.9 Nn,

'oxane, lc@@rrl, 80.0 nmmol) to tert-butyl et byl
(1-(4-(4-(triflouronethyl)phenyl)phthal azi n-1-yl) pi per
Adln 4_y£)carbamate (0.158 g, 0.325 mmol ). Stir at
rootteenpert ur e overni ght. Rempve sol venf®atgnder
reduced pressure. Use the crude material (0. 169 g,
>100% as is. ESSMS mz 387.0 (M+H). Preparation 12
Ac% t - But Yonaret¢ 4- (4- cyanopheny 1) pht hal azi n-

VIBi pBmglias 4- y1 (met hyl ) car bamat e Char &% °p¥bssur e
tube with tert-butyl 1-(4-chlorophthal azin-
1-yl) pi pepdi n-4- yl (et hyl)carbamate (400 ng, 1.06
nol ), “dlecn@ihoxame (12 nl), water (4 nl), 4-
%?aﬁophenyl oronic acid (467 ng, 3.18 nmoqdugtioadid
cesi um car bokdt e (1.40 g, 4.24 nmol). Bubble nitrogen
t hrough the reaction mxture for 5 mn. Add (SP-4-1)-
Subs§u ik atlongliGhatdy) b Bybaibrsiret hoxyphenyl ) phosphi nc-
kP] di chl oro-pal I adium (J. Og.

USteelCasting ~ “Steel _ TConcrete

3 < Bquation(8
ESteel EConcrete ®)



Chem 2007, 72, 5104-51 12) (36.0 ng, 0.053 nmol).
Bubbl e nitrogen through the reaction mxture for a few
wonowatie®7and seal the reaction vessel. Heat theCT/US2009/039091
reaction at 90 C overnight. Filter the reaction

m xture through a silica gel pad eluting with ethyl
acetate. Renove the solvents under reduced pressure
Saintlitifrigraqhiytioh Benis BGUakidd 39 resi due using silica gel

chr omat ogr aphy (30: 70, ethyl acetate: hexane) to obtain
ti.tlesgcomound (0,392 g, 83%. ES/M5 nlz 444.2

o S E’%*FE' AT -(4- (Met hyl ani no) pi pe pdi n-
1-yl Fpbd hal azi iconteyyFplenegoni tril e di hydrochl opde
Prepare tEe title conpound, .by essentially follow ng
PreCpiimcedur e %ﬁ@ﬂjescri{wbed DquPr‘eparati on 11 using

t HetomPUL YA ey orote Ecanerate Ecreat | SEC

| - (ng-”’( 4- c:;\/a(i”ﬁ%cﬁcerﬁ}’f“}r%h hal*42i n- 1-yl ) pi pendi n- 4-

yl (met hyl ) carbamate (0 385 g, 0 868 mml) Use the

oG yde—nmteci aPleferstEg g, >100% as is in slyngie!gbl)ent
reacti on§4 ES/ Mei1 z 344 3 ( 1) Preparat i‘on 14

1- ( 4-Chki rvpmrimvrm 1=yt)- -methyl pi peri di n- 4-ani ne
di hydr oc t%‘b‘ﬂfé"" \derciipdr o¥esh/ chl opde (4 0 N in di oxane,
e 400 ). to a solution of ter/-butyl
AP T G OB R oA TP ot pe
di n-4-yl (net hyl ) carbamate (7 60 1 00 equiv, 20 2
”%f*’rltfl'")' é‘l% met hanol (100 nL) Stir 5?°frp6’8m tenperature
one hour Renove the solvent under reduced pressure to
Stlsbai eP0@0ei titl e conpound (7 05 §peckio@Mninkash WBIdISgng®Y of the
2 (M+l) Preparation 15 N (1-(4- Chkgirdpdihavalzi n-
1-y[@%{pi pepdi n-4-yl)- -methyl-2-(tpfluoronethy
Preysprelyatnt d& brbi ne | - (4- chl or opRptralinaziassuey| ) -
N- met hyl pi pepdi n-4-am ne di hydrochlopde ( 1 0 1 g, 2
"@9eremr51%)? and t net hyl amine ( 1 2 iickngssgf qongreisd dord n
di chl oronet hane (30 nL) Flush the reaction vial with
EpjLL.eeeno@odpmadd 3-t pf | uor onet hy Magmzey borghtkopde (0 46
nm., 3 12 mmol) Pl ace the reaction under a nitrogen
bl anket and stir at room tenperature overni ght
Egoncetitttditesit 0 a resi due and punfugdunsiongesi | i ca gel
chromat ogr aphy (0-10% et hanol in dichloronethane) to
obtain the title conmpound ( 1 H g, 86% ES/ M5 nmlz 449
1M 1) 1Rkephicenddae am des in t helciStee! Bigd owWrdayce specified
essentially followi ng the procedppeiCdescribed in
]{E’{&%Qaijfﬁhi on 15, using the approppate acid chloride
Exanple 1 -(1-(4-(4-Fluorophenyl)phthal azi n-
1-yl) pi pepdi n-4-yl)-N-net hyl - 4-
“oiegipsior SRt HOXyY) benzami de” hydr ofivahle desiancipssafer steel at 72%
net hyl of SMYS
Siberibip #4452 um‘"qmphenyl ) pht hal azi n- 1-yl ] pi pendi n- 4-
yl jmethyl am ne (100 ng, O 300 nmmol ), tpethylarme (O
12 m., 0 89 mml) and
TSteelCasting = 0-90-SMYS Stress in steel during the casting
operation. This stess should be at or
below 80% of Specified Minimum Yield
Strength (SMYS) of steel.

4 .
TSteelCasting = -4 % 10°-psi

10



di chl oronet hane (2 nL) at roomtenperature Add
4- (tnfl uor onet hoxy) - benzoyl chloride (100 ng, 0 45
wonmb)jizdd t he m xture and stir at room t enper abOT/@S2009/039091
overni ght Concentrate the reaction m xture and purify
the resulting residue by flash chromatography (20 5 1,
hexane ethyl acetate 2 M ammonia in nmethanol) Add 1N
HC in diethyl ether to a solution of the isolated
product in di chllggrqnet hane/ net hanol and renove the
(s3Q I-veaiugRung : m of ni t r oGRS st Miafduible RBsin
title conpourf’sasinesigol i d (98 MureH39prdsSird/Ratd #nb25 )
(Mt 1) Alternate procedure: Add
isfdi =[P45974s f | uor o- phenyl ) - pht hal azi n-1-yl | - pi pendi n- 4-yl
}-nmet hyl -am ne hydrochloride (58 g, 155 mml) to
1, 4-di oxane (580 nL) Add triethylamne (86 nL, 622
CaliR e nd _Step!fasting "Seelnm Add Casting pressure at 90% of SMYS
4- (tnfl uor onetibgyy) benzoyl chloride (24 ni, 155 mmol)
dropwi se over a pepod of 20 min Stir for one hour at
.anbient tenperature Add water (100 nlL), extract with
Cagygygssugcettdf @si (200 nl), and concentrate the organic
portionunder reduced pressure Purify the resulting
resi du;@s,itgé{ flash chromat ography, eluting with ethyl
racel at-e~6ver a 1lkg silica plug t&@)@@ra\'%@k éRiiet Mapdmum
a col ofdiess oil (58 g, 71% ConmbPie™ 'Slf%é?fée“?gg%wﬁﬁ?%igms
with ethanol ( 117 nL) and cool f&"¥ ®%dd acetyl
Deht'lor bthe (8 nl, 111 nmol) over a period of 20 ntn Stir
for 20 mn and then add N {1-
[4-(4-fluoro- Qhenyl ) - pht hal azi n- 1-yl]-pi pepdt n-4-yl}
bR ROR¥hsdr.L CETEEOT omet hoxybenzapi de | jefiw& bhEq BBl
in toluene (40 gty in one portiQn.abik, soché;é tipre-gtressand
e

Concentrate to 1/ 3 volume Col | eglighhe C |§3

Chhtaid oD ¥ dehe 50110 i1 a VasUEl oo
overnight to afford the title conpound as a whit
solid (42 g, 67% ES/M5S mz 525 0 (M+l) Prepare the
am des i n t hé&staalthsindel ow, by essentially follow ng

S1d “procedur e descri bed Th Exanpl e g;}s 3,4 REp-§iRes in the steel
appr om@;-g?w% dePRESSURE BERREREECSHg pressure.
MORTAR LI NEBnS®EEIonddPESsAND METHODS OF MAKI NG THE

SAVE FI ELD OF THE | NVENTI ON [ 0001] This invention

&gl atiq%lq)*‘g,gncrete or nortar |ined steel pipes and,

57 e particularly, to pressure-cast concrete or nortar

i ned steel pipes that are made using net hods that

permt the sinultaneous curing and prestressing of the

i pe to'sidaetseby increase al | owablkg,fgskEa.
Oghémsreeﬂ . WhiTe maintaining nanuf:@%ttibﬂ.%%&si?& %ﬁb ér@ssir?r;e
i
s

and reduc?if§*manuf act uri ng cost s gorBAGKS " sure in
I NVENTI ON [ 0002] Conventional comerie |1 ned ee

we.ef =pitpex 1€ psig. , | arge dianeter pipe, is currently
designed to a maxi mum working stress in the steel of
around 21, 000 psi. The reason for

11



limting the all owabl e design stress in such pipe is
the limted allowable strain in the concrete or nortar

wo bovongeo7A hi gher steel stress will crack the PONUFBO®039091
or nortar |ining under pressure, causing deleterious
cracks to form adversely affecting the lining s
performance, and creating the potential for the |ining

il 0 1e1 VM fall.out of the inside_of the
C-éwﬁ%%p?ﬁﬁgﬁfm%@ GPrusRiipEak SechBinans.
PriassiuigLapt RieeldRing eel pipe is wel | known for use in

the water pipe industry because they have a proven
For Bomvedtiorfal Hleekiind:i ng the steel pipe frominterior
corrpsion for a long perio tine, e .qg., of nore.
1LWﬁéh&%8 years. As an aIterggﬁ%vﬁs?@m%ﬁﬁfgg?ng@ﬁFﬁﬁg?
Fo“xger&ggatjngz sucR as eFoxy baseg coatiigs and the
g} Lke>ean belgsed with steel ,pipestifial can, el
S%aV|ng:H0h|gh¢r strain to fé%L#E&W&ﬁB&ﬁ!%&pi%@%S%”%mgghm
currently avail abl e polymer coating can be ébara%}eed
fsor Véipected to last 50 years in water service without

some form of periodic maintenance, typically at
l,‘,appro’xi,rrately. 15 year intervals. It is not practica
Yooertrak VYU coat ed st eel WATHpS pigegete dnerg.  when

used as a water main or the like, out of service to
Lcgardbloa®oo-gand recoat the |imddogsembisy 15 or so years

for mai ntenance purposes. [0004] A second limtation

for concrete lined steel water pipe is the engineering
se@Rsi deration and need tQ have a dianmeter to thic%ness
“Tatto of around 240, and preferably | ess than abo#t

220. This neans that &-00-inch dianmeter pipe nmust, ., °
SRETRE B9 ni mumihpee: Qcpte@,}gjgess of appvgx, tﬁGMJ

0.4 17-inch (D't = 240;"Steel= 100/ 240 = O.41?§fg$he 2

effect of this design requirenent is that pipe which

coul d have been desi guedrewi=t¥6&i esser wal | thickness

due to internal pressure, requires a greater thickness

due to handling, shipping andinstalling stresses. In

Stelai Ripet\@@!"' |1 D x 0. 417" @@$L*eﬁ&ﬁpt§’ pi pe rahgg %&“%45

(2*t*stress)/D = 2+0. 4 21 5900/ 100 = 175 psi~'8f! T ess

nmust still have a pipe wall thickness based on D't =

240. The D't requiremgpy,i=stiased on the practicality

of handling, shipping and installing the pipe. In poor
Th§oi| conditions, the pipe is also vulnerable to

Ll e caipuledes follewsi: f not stiffened by

_increased liner thickness, steel pipe wall thickness,
SUttrachdosti ffAsneas, or the expensi ve inportation of
gln?re_s)tabl,e beddi ng materials. [0005] Conventiona
UtestT 68480 concrete cylinder pipe (PCCP) conprises an

i nner concrete pipe or core that is placed in state of

hi gh conpression by the use of wires that are wound

around the inner pipe. The pressure |oads that are

pl aced on the pipe in service are taken by the

prestressed steel wires using high allowabl e design

stress, therefore al so operating to reduce the anount

of steel that is used in providing the desired anount

of conpression. The concrete core resists the

prestressing wires and hel ps support the earth | oads

in a buried condition. The prestressed concrete core

al so hel ps to support the pipe during transport and

instal |l ation.

=
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[ 0006] One of the problens, however, with PCCP is the
difficulty in protecting the high strength
w@r@stB®3si Nng Wi res from corrosi ve envi r onment BCWOSI009/039091
the pipe is placed into service, and the potentia
susceptibility of such wires to hydrogen enbrittl enent
i f excessive |levels of cathodic protection are
Thapph br@eh arddR@n@b eidlsiantddo @RI Lierk Yoo CRLRA LG i RLQS SCt
folbla@ prestressing wire is further conplicated by tfe
| ow dielectric strength of the typical nortar coating
'whawa§A@®mmeabmm&m*tﬁﬁNpﬂéhﬁW@ssing W res to protect
them fromcorrosion. The dielectric resistance can be
mﬁmyg&vadmbyﬁthe application of a suitable polyner
coating, e .g., such as one available from Ameron
I nternati onal under the product nanme Anmercoat 1972B.
Thgpiptpreetthige perdroigfol beoveral ppelwpiirsom the atiddiegpf thelses! dide vem $he
refpreqcg peslton drtiinitial!y asspnest asotroid) hen tstogleliatpd estoieessi ng
W res, Jt,does so at an additional cost in ternms of
“po@qﬁgé%hkﬁﬁering steps and in terns of raw materia
¢6st. [ 8097),, As the underground utility conplex of
pi pes and surface or subsurface transit systens in
“%%@& bogmjor cities have increased over the years,
‘anot her problem has arisen from "cathodic
interference” or stray ground currents caused b
T SR o e AP D ST dctceen op
exterior corrosion, and caused by DC powdered transit
systenquﬁarge wat er pipes installed many years ago
ICQQM@ﬁ$ﬁé—ﬁeM/pipes t hat have been installed nearby.
These néW pi pes may be cathodically protected, and the
stray ground currents introduced fromthe cathodic
legeot 86t dn can cause corrosive currents in the PCCP
As aresult of the possible existence of such stray
groungwéurrents, many netropolitan water agenci es now
1&§ﬁ$t3ﬁie i ther conventional steel pipe wth a
I'el ec?ric coating for external corrosion protection,
or steel cyljinder reinforced concrete pipe when
Iy Rk erammb x lioads’ are high. Although this is an e
ffective approach for controlling pipe corrosion, it
is costly. [0008] One approach known in the art for
Thevgikt oidhedy! egltasdosi thyss sekicgitpeadialbwbeen to use a
mul ti-step process of first form ng/casting a concrete
pcore, . _slipping a steel p{ e over,the EE cast concrete
@8FE Tafart e optitipi ged Rirghallr Ssserte grout into the
annul ar gap between the pre-cast concrete core and
mé%gglmgggecnéhgb@ce the concrete core under _
conpr essi on. However, two major problens exist with
this neth of making pipe. Afirst problemrelates to
El di f f i qul ty, kA petf ectl yys i2hg the ends of the
%@ﬁgref%m Q$%%Po ?ﬂ§$§?£%ﬁ Eﬂ‘%m ring the pressure
grouting operation. A second probleminvolves how to
Elqppl ¥ 2880~ ndintbai n pressure to the grout during the
cure of the grout, especially if mnor |eakage of the
~grout occurs at the seals between the steel pipe and
Eleangretie=dbrg.whi- Egythe grout is curing. If a
hi gh- pressure grout punp is used, the potentia
| eakage of grout during cure nust be nade up by the
grout punp. This will nmean the grout punp will have to
be active during the curing operation in order to nmake
up for | eakage, which | eaves the potential for the
grout to cure in the punp,

St
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both ruining the punp and resulting in pipe having an
insufficient |evel of prestress. [0009] It is ,
wo bewastore, desired that a pipe constructi on apdr/oeioawe3909l
for maki ng the sane be devel oped that is capabl e of
providing a desired | evel of properties such as pipe
stiffness and internal corrosion resistance that
.matches the ty gqal“nininun150'¥ear service life
Elpidrarowd b?»%’dﬁﬁén&ﬁbbnaﬁhpéteﬁme’ri Ic ¥tesrfatee pipgieal. Jhiewtlue
pipe. It is further dedi4ERf Prituted finEgpiapen 5-14 of AWWA
construction be capabl é1a3¢a! oA RIFASYY wicleisiverg!! piagyptifiaess.
of protection fromexternal corrosion and cathodic
Doftofr# €meneey |t i g, stiv) M’I[t heCeatesd di@thidrbathe SsHbntional
pi pe construction be mandf ac ur edieklpipg. manner that is
poth cast. efficient froma raw material perspective,
C4HEFr om § he amount of time and | abor involved in
maki ng the sane. SUMMARY OF THE | NVENTI ON [ 0010]
Pressure cast |ined steel pipes of this invention
PRO SPneSL PBNs AAEHIRH a§ RMIskiIRing AR Th#f,, | | ner form ng
an inside dianmeter of the pipe, and a netal shel
surrounding the liger. The liner is in direct contact
pei-th. an insi de-ual Towifire¥ele of the netal shell, and
the 11 ner |sppI§%ed if a sga e of conpression by the
h

netal shell. Theggat/i-&H%he wal | thi ckness between
the liner and the al2shel] is in the range of from
about 5:1 to 80:1, and preferably fromabout 10:1 to
PBO;ndentionhiBied@lp X ANPE-gsi emb o dFiprestitinest foecondrtionaniiedippss of
the netal shell is in therange of fromabout 0.06 to
0. 75 inches, and the wall thickness of the liner is in
For PressuanGest Steef Pigen about 1.5 to 10 inches. The wal |
t hi ckness of the liner can be from10 to 50 tines the

wlthl-akpgss of the netal ShelﬂhiC%@@&%@J&&r@&sf f& iipe from phove
particul ar pi pe enbodi nent and end-use application.

,\t&QQSﬁt&ﬁd, ~the pipe can furt hRfne/HIN bSReiBo ¢RBLL HQm?Lsed below
diel'ectric material disposed al ong an outside surface
~of th%.netal shel I . [0011] Ehe pi pes are formed by
'Cangieng “d" ol d assenbly that [ENERRUCAITSE Whis Pragetraenst geel
facilitate accormodating a "HELIPPEEOFol ume of the
concrete or nortar conposi%%gh

..concrete nor m@pd §ug#%%ting:%he sane
C%6 dopFessurizing force calghl a &g v'§ DY=Ebldeme gged
~stressing force onto the netal shell. In an exanple
Econbeds M9A00-psuch pi pes ar e Maitined chycreeliever i ng a
vol unme of the concrete or nortar conposition into a
samoldsdoqiopd; bet ween a ”EtaMMﬁ@ﬁt&sékfng an outside
rameter and a novabl e core nenber al ong an inside
di aneter. The poured conposition is subjected to a
pressure force to expand the netal shell. In an
exanpl e enbodi nent, the pressure force is provided in
the formof a pressurized fluid such as water, wherein
the pressurized fluid is placed into contact with the
surface of the poured conposition. Once a desired
degree of cure is achieved, the pressure force is
renoved causing the netal shell to exert a desired
conpression force on the concrete or nortar I|iner.
[0012] In an exanple enbodi nent, the nold assenbly
conprises a cylindrical metal shell that defines the
nmetal outer portion of the pipe, a base nenber that is
operatively connected
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with a bottom portion of the nmetal shell, and a top

menber that is operatively connected with a top
w@ooooiten7of the nmetal shell. An inner nold nenker/us®09/039091

positioned concentrically inwardly of the netal shell

An annul ar concrete or nortar chanber is forned

between the netal shell and inner nold nmenber for
sagpanmodati ng a vol une @feza concrete or nortar ,

conposi tion therein, gn“ﬁﬁ exanpl e enbodi nent, the

n | d nmenber is capakle of reducing in di angtgf+ t-~,,

C&ngé%%ﬁnnd té%h@wﬂwar“ET”Fﬁempressure gaﬁmm&mﬁgarﬁf Cmq

fromthe nold after forﬁﬁilon The assenbly further

conpri ses a means fo |ntro%ug|ng a fluid pressurizing

medi um such as wat ef'Coere § "Ph&"nol d and onto a

surface of the concrete or nortar conposition to cause

he conp03|t|on to expand thg getal shell. [0013]

S@F’@é“?m’% cast |ined &g@@iﬂ,?f‘ﬁéﬁ @f this inverki,gn= 0-mm

provide a desired |evel of ﬁwpé stiffness and interna

corrosion resistance that matches the typical m nimum

50 year service I|fe“uﬁmﬁFéWGWy conventi onal PCCP or

concrete lined steel pipe. Further, such pipes of this

| re ca bIe of _providing a desired degree of
Tod DHEA A 2 fo 'osio% and cathodicg
L;\[nterf rence Still further, pipes of this invention
w5 Gooprred %ﬁﬁﬁﬂhg a reducednetal shell or stee
S“lee Wabi.,thickness, thereby resulting in a desired
é#rngs o¥ raM/naterlaI costs. BRI EF DESCRI PTI ON COF
THE DRAWVNGS [0014] These and other features and
Ih 1s dmey e disleecede the raference centroidi da bbealculated as
Eﬁﬁﬁbre0|ated as the sanme becones better understood by
SUK fereng e fo W n ,detalled descrlptlon when
“b%ﬁg?deﬁgﬂuﬁh g%ﬁﬁ%éfgﬁﬁmvﬁﬁﬁthe acconpanyi ng
sud awi n S wherein: [0015] FIG 1 is a perspective side
{ivawe Gf ghmexanple enbodi nent pressure-cast steel pipe
constructed accordlng to the prlnC|pIes of the

Thd ¥§1Q13'€oqpec PALBl LS overad pss.section side view
ref@dn i lejo5the; sledl pirg Vel ke
efé? C@p? essuretj 'g st st eeiammd 'éang&ﬁf“@ df‘“f’@ﬂi?] FIG 3

|s a CcIsuslg,section side VIeM/Of anot her exanpl e

Yp@ﬂbmdrmﬁﬂguprocess that is used to nmake the
pressure- Aist steel pipe of FIG 1; and [0018] FIG 4
is a cross-section side view of another exanpl e
Ypgempoidi h¥9ht™ process that is used to nake the
pressure-cast steel pipe of FIG 1. DETAILED

TheDRBERE BTN df 08 1RvidREI 858 kB0 I

uni(iBQ@BRs folloanid net hods ?%r mak ?%3&?Mgﬂ§gﬁé%g§ég?bgﬁép?
prlnC|pIas of the invention, conprise a concrete or
nnrtarCh1ner that is surrounded by a netal shell or

‘osgwsT phpe, i.e., avoiding the use of tensioning or
prestressing wires as present in the conventional PCCP
descr kbgd ‘above. The ratio of liner thickness to shel
‘Vﬂ?bkness can and will vary depending on the
particul ar engineering design requirenents

I 1Stl
StWall ™
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and/ or performance criteria called for by a particul ar
end use application, as described in greater detai
whedooms9ofH020] A feature of such PCSP constr uck¢DOS2008039091
that they are made according to one or nore different
pressure casting techniques that provide for the
formation of the concrete or nortar liner in situ
during the progess of prestressing the surrounding
Isivetial > ¥hellP ad resul ting plpe construction, thereby
avordlng mul tiple steps, e , 1 nvolving separately

concr tar liner that is
Th%%uﬁnb?fgfgeogmﬁt'?? a}&re%yﬁrls's‘i?{" F‘%F%P 8'%fel | for subsequent
stress inducihg treatnent. As used herein, the term
FIdBoS B | USHedd © tE ?f(eri o E R fcAE) Tt hat a concrete
or nortar conposition £ use& 0-make the
concrete or rtar liner)is belng formed and cured at
Elighe«salellty fe-asf it is being pressurized for the
purpose of placing a surrounding netal outer shell or
_steel a stressed condlth . [0021] A feature
Hofwam afIStiMhliS snbientivan Ysiehi| they are
constructed in a manner that prestresses the netal
she concrete or nortar liner such that the
u&ﬂéﬂf”s??éé%é% boul d be increased by internal fluid
pressure wthout fear of deleteriously cracking the
Irner Further presence of a conpressed concrete
Hageimieny r¢memwéIEW“hélps resist transportation
installation, and earth | oads when placed into
service. PCSPs qf this invention can al so be coated
EWlitpe@vaMeities « of -idibe] ecthisities teteldEN majes fort thepipbyall. This value
provi di ng a desired | evelstigfsubstitugadrirdd Equatiorosi oot AWWA
protection. This eli n riéanes M4R& piershy enubfe avahpids tifiness.
interference from nearby pipelines and transit
systens, and the steel used in this type of pipe would
have much | ower yield stress than the prestressing
Wi re and therefore be nuch | ess susceptible to
hydrogen enbrittlenent while under cathodic
protec [0022] FIG, 1 illustrates a PCEP,lO )
Resomst T 'éft iwd ‘a@oo?&thg ‘Yeipprdinci pl es of “§WPE daRisn el tnive.)
generally conprising a cylindrical netal or stee
Dehglid 5 s&wmsing, pipe or jacket 12 that surrounds an
inner liner 14 fornmed froma desired concrete or
nortar conposition. The inner liner 14 is disposed
concentrically within an inside dianmeter of the shel
Pipp Stifieas. iPR. iaActeiipgee fllerodianaSTMO4MR. di rect cont act
with the shell, i.e., there is no other type of
i ntermedi ate natehh@&mag@h is interposed between the
1Pmemdanﬂumm& 5 iThe PCSP 10 includes a

bell shaped end| 16 ttached at one axial end
18 of the pipe 10! d*a;spl ot 20 that is attached to
the opposite end 2 1 of " thé-pi pe 10. The spi got 20 is

esi gned havin ter diangter sized an
e eHper e Baf | &bed en e\_’t%‘“c’ff*“e %Pﬁ%?’“fp? é’a‘u %%"OWS

i ncl udes one or nore annul ar ige Wil emmm
an ?onveé\ ?ﬁ_a rae iﬂg much
an

&ircunferentiall herearound

é&‘bﬁﬁﬁ&b"ﬁ@”‘é‘i’te%?%ﬁore annul %ta a% Ee O%S‘E%’ﬁ% § Rpgpandiing,
seals (a shown in FIG 2) respec ve erain to
provi de a desired | eak-tight seal betmeen adj acent
pi pe ends. The bell and spigot ends 16 and 20 can be
configured the sane or simlar
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to those used with conventional steel pipe, and are

attached to ends of the netal shell by appropriate
wowdod/1s®echni que. The seal i ng nmenbers can be foparUSINDMEINI1

an elastoneric material. Qher joining techniques used

for conventional steel pipe, such as those using

formed bell and spigot ends or other differently

conflgured ends butt wel ding plain end pipe, or lap

i Sret 3] SHIPe iaglapt abl e to PCSP, as

mould be understandable by soneone skilled in the art

IQL“§$§3B19IDG desi gn. [ 0024] Wil e an exanple
iment of the PCSP illustrated in FIG 1 is shown

mnth specmimﬁﬂgMgengi ends, it is to be understood
Refpyplupes s—gnv@ﬁﬁganpman@be confi gured havi ng
di fferent tyh%é of énds as called for by the

g ,hcu ar end use application. For exanple, the PCSP
EaoMRYR P Mt rings (in the formof the bell and
spigot as shown), or it can be can be butt welded in
%pfnfleld Delavtlugan have a swaged bell to slip fit
the st ef pl P& for lap weld in the field, or it
can havd 'Rseaagefiitrekl),| i ncl uding a sealing groove to
seal addinst fhe steel] |pipe OD, or can have a rolled
spi got groove (spigot ' folled right into the pipe wall)
that fits inside a swaged bell (swaged into the pipe
WelkaH)y= 6.33%-iM s t o be under st dueh it height PCSRsete dnstgrnkciredure
according to principles of caiingopamtient i on can conpri se
all such noted versions. [0025] Another feature of the
PCSP is that the concrete or nortar liner 14 is placed
in a desired state of conpression, prior to placenent
of the conpleted pipe in an application destination, e

.g., before the pipe is transported and buried sone
depth within the ground, by operation of the netal
shell 12 acting directly on the liner. In an exanple
enbodi nent, the netal shell 12 is stressed a desired
degree during the process of casting, i.e., pouring
and curing, the liner 14 in a manner placing the |iner
once cured in a desired state of conpression to neet a
desired pipe performance criteria, e .g., to neet a
particul ar end-use application. [0026] The thickness
of the shell and liner for PCSPs can and will vary
dependi ng on the particul ar desi gn/ performance
criteria and/or end-use application. A general feature
of the PCSP is that the thickness of the steel shel
is much less than that of a conventional steel pipe
(i.e., not conprising a concrete |iner under
conpression). The conbination of a thinner steel shel
with a thicker liner in a state of conpression allows
the use of DIt ratios that are not otherw se possible
wi th conventional steel pipe, which would have too
much flexibility to resist the handling and
installation |oads at these higher D/t ratios. The
t hi nner steel shell can now be desi gned using hi gher
design stress without deleteriously cracking the
concrete or nortar liner at operating pressure. The
use of a steel shell as contrasted to the use of
tensioning or prestressing wires in a PCCP pl aces the
liner in a desired state of conpression with a nuch
nore robust structure that can be nmade nore resistant
to exterior corrosion and that provides a failure
mechani smthat is nore predictable than the tensioning
or prestressing
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wires. [0027] For exanple, when the tensioning or
prestressing wires used in conventional PCCP fail due
WO 000848®r74 or corrosion the result can be a sudPenUbm®$039091
of conpressive force on the concrete liner, which
coul d cause a sudden failure of the pipe. Further, the
[0031F epaTtic RESPsdfehis tivrationtagbavntgadtsrieh fidingCahiimbe of different
performwhi|e the pipe is in the round PCSP of this
pressyrp Gasiing derhRidacs, Hagse Eﬁcémﬁ’é?,sﬁéﬁrl%‘fﬂ YeOsntaher Yastgal pressure
t r grRagu
castin @é@g%cgh? Elrl (t)ﬂe g}i]a?ﬁ%llé}g)e Scﬁ%lht% th lﬂﬁil ?gsetgmh g?@r ggllljuistrates the
use ofi veatical @nbssurb o&sﬁ;mgfteahorquﬁ esd radated @ssbﬂnblyc whereat e ooncrete or

rt d t hat d.
mortaf RRmBtdiay oLl S0 Ebi TG BTan e SHEPRY B opRdhe
liner ihiskg “tme Fs@lﬂga Bés‘ﬁ‘éﬁ%ﬁess[r%q&?t]e RERPSurfRMd b YRdt8dhell or steel

according to principles of this invention conprise a
pipe. éee it gresyingrivrecars rémenead, the redrleshalhdlagesstbe ﬁ@@rlrltdpwgd hner of the
t eel r e ativ

result{nﬁ ﬂ%ﬁlgr cieslr?q,] atgﬁé F?mﬁrgﬁm% E%lﬁtafeneén 0 11{1%% #>R X exarnple

technig0g Ve Bick PELssleBirgnthe ot icancrétb ®r ﬁﬁl)trtldf €orAposithf to impose a
materials that are used, and the desired performance

desired sepsran; the mefah shall thxaugBithe wsetsd dilarostatic meaps it BPOPIAE &
tal
pess 8ol Bl B IEH e S HROSRAR0., AL 06t ponre
or mortangan@fsitfiohom about 10: 1 to 50:1. The typi cal strength
range for the liner wll be fromabout 3,000 to 10, 000

Si, restress ran n.the li m )
100326 %@ Etlgu%lpatré@n@rmméﬁsgepwiv ?@P pr Eﬂﬁ% areipﬁgt in
accorﬁﬁﬂé‘ s tE@Fﬁﬁ‘cﬁﬂeﬁﬂ&e& hovael R8s &&n{ﬂ'ﬂ@elﬁ%cﬁﬁteﬁtt ﬁ%kllnﬂir{%ﬁl metal

Is partially transferred to the concrete or nortar

shell Fois efodederalt trslvadd aad déslrttgeheétth@stg torespesivs eadd ofthehiell as
bout 72,000.

d f
doscrid pione? 18 AT RIS by Rt h LGt v RERE s Pabove.
In an éia‘ﬁﬂile Qﬁt@@dlhféni e BethBdhel o SleciSiipd tan UcORZR) orﬁﬁﬂ‘@tﬁﬁéﬂl\ﬁder

speaking, it is desired that the liner or core
machlag Wlﬁb@ﬁﬁ@@l 34 and 300vdded thagsto. tln@nteﬁr@kh@@@dfmtmethe metal shell
As an exanple, the cylindrical netal
mibnﬂﬁiﬁ% can ﬁﬁftrally be stressed to about 42,000 psi
when under pressure. This is twice the current desi gn
[0033%t r €Blse dydindstad ﬁietaﬂlsbﬂl 32 axueksitiongd dvera ‘tﬂttﬁ&ﬂlg P8 et isglokitioned
havi ng about one E the c rr nt wal | Q%ckness
at the paseqihotigmaositiog s Siccapenily 40 6 Paseeing %o myuises § generally
annul& ¥ dp130&hat rn%l{ﬁ&lﬁ@e Btlikeoﬂ/ﬁl)tle % ek 088 8tcRlink REcFhRRIntially along
conmponent in-half for the PCSP represents a
an outsu bstl antfaczl ofgla/basg sing and aesinertcdridgiceng ostissid{ 9aBo)rfarhof shell
educiion.in t he ner, cor.e or, i nner
ond 315 bisg Fidh s PER S EnSrrirate B niGli i 1ot s ateril
and ir0d preh@rcdCaboirhdnt ARNABEON ntah@ial Ristdeness and nodul us
of the core, the thickness of the netal shell or stee
pe and the anmount of stress in the steel while under
[00345) he Eigsqrieny mare gxoves 4nhaesized apdplaped tq accgmmogpte placement of
r 0
one o{’%t[ger%éhetﬁﬁ\ge %&ﬁ@ém%}ﬂbeac tg@ﬁglr wgni:ﬁte{hg Hé% ogm%@% lng ﬁlernber
42 ard sizddr@d@bat@drm 3hga@b aﬁd Gted sdahggadiva ag énside (Bfl'rnaeﬂ‘bf the rnetal
t he st eel @£ . A series of equations . can be set up

shell ¢pd ¥on ThRdueferpd pbpdimeny, the Dage g 6PREPHEICE 2 PRBAT awves 46 that
are spQ@édanialefrapﬁﬁfﬁ%‘rﬁQ&ceatfoﬁ{er AU EFRATLENR gﬁ:ﬁghtﬁé’ biker S"lﬂfagé and

comprises respective sealing members 42 in the form of annular rings disposed therein. The
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inch inside dianmeter.84-inch O ass 150 Pressure Cast

St eel Pi pe The manufacturing process incorporates
w@e@sAaswrLi ng the outer steel pipe and nol d dup¢Tgs100£039091

casti ng and cure of the concrete l'ining. Pressurizing

nmol d pl aces .t ut er tee| e i.nto te
el TR B S ER T OB o PR F BB Such s rubber or
the liK¥apAté Bﬁﬁkodiaﬁﬂgwsetahﬁg Q@tgbﬁgm%ﬁ[ feinfalishell sﬂl@ ased,
the outer steel pipe Will shrink down onto the

concrete liner It will continue to shrink until the

[0035 or cBhq hese g Sérraliedes ap upiear o& (urasustaendd ther amseerlqsed bottom
end OPQII% M?l%(lja? ggﬁér({)tg 'opﬁoﬁgpﬁ%%%%%@%ﬁag}aﬁ}%g jEéq uaﬁ lga%g g%& 38 further

includes & gidvelig thalid povitighed cirt@nfetenftially alopg pe ud;ec&-] cgﬂnetbibﬁhe ring
Bi pe Specified MninunYield Strength of the steel |n
38. Thpgraeve S wapasttigned. aﬂﬁeﬁgngﬁ%@%ﬁ%aepﬁn%maﬁiégesplwm@ah%ﬁaeﬁeéhng

P56 Ak G ith Y5 a@hochlt 66! Fh&ES

mem |Ppe to pro%t%%gespe Mg‘?pe Iaéﬁ,ﬂﬁé1 o glldualo?es}lgn&eo *

collapsibteemserf oo ldsh@eberal. 72% of SMYS Stress in steel during
the casting operation. This stess should be at or

10036, oo Bhe 38 Fates Fitatdeln T iht ridE P MR P hrom the

body B@ﬁw@i gomuhée bits@&ﬂfg iRGlY dfeastdr NG dRRR ISR dbd %@t%aqienerally
SMYS Di anet er over thickness ratio. Maxi num al | owabl e

cylindrisal displacemenstubeP4pt-pea detergnd of te dlifpircomont t@fhie‘% wlthgreby
ween 10 and; 50 toppet C l.e
mounlsF BT BRE18 AR b2 DAAEAB R T b S lrepogrig
positieed| coneantificllysipasidfanGuaidfd disg@ttepoiSthe AxpRictrBeritigbe 54. The
pre-stress in the steei
collapsible inner mold member and displacement tube are each formed from a structurally
rigid material, such as a metallic material, and in a preferred embodiment both the collapsible

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

[0037] The collapsible inner 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 joined together to form a cylindrical shape. In an
example embodiment, the collapsible inner mold member is provided in the form of a
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 inner 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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after releasing the casting pressure. Concrete stress
in the zero pressure condition. This is the pre-stress
w0 noovhgvseconcret e after rel easing the pressure PET/UB®09/039091
nol d. Cbnparisons of Pipe Stiffness for Conventiona
St.eel VS. essure S eel, Pi pe For
comp%tﬁ%ﬁiﬂrf ur an rmﬁl%o fC%ﬁ ﬁ)gghéglgerd?r%spwe An &preferred
emboél%‘{lﬁ tdagNig 1&&@6&%&@&%@95@&1@%& HBICHHBRBS s Ba€8dn be
pi pe to nee of 220 for conventional steel pipe

remotéb@ucgﬁtddﬁ@l md}u@e thfe daneeeeighd inmer mytsomemBeratt thet appropriate stage
of the olyﬁ,l{a% tﬁ%re a?ilea’?h leal{l]ﬁ‘ﬁ‘bl’l? ale%l er qg {ae%leofvgclélffrgvnvisthﬂ?’%SP once

AR ren
formedentroi d, can be cal cul at ed as follows: The di stance
to the centroid of the overali pipe wal | fronthe

|l e of the steel pipe wall (the reference positi
[0039i or Arbptt?%r@yfoag@aﬁ*@a Séém%‘med@mg@@ ipfedirmetsy S%i@ace of the

ollapsf?)llé ARer Jﬂ%@iﬁﬁ@@z a\%&wétﬁq}&é Bf&e anﬁ%@%nh Qgﬁléfé Fgl? otm

'ayers a out t neutr S is ca
desnedrsezthﬂgeamgagemt bﬁweemﬁ bdttera chdh eedtlon alf theElo‘Ilapsaﬂ lu mn[eo mold

LN TR TR YA N T LR,

rigid Ml AURLaR¥EMBSe RicRE nidrb frﬁe‘ﬂfb%ﬁs thgeﬂ&r[ecﬂr‘:io gétm&%{ aiPhnnular
t he conventional steel pipe. ﬁe Stiffness, PS, is

suppogitgtositioned gongsntfiohliyoinsvardly bf thereg mml@zmmmom Ipember bottom end

SGCth&aZI% Elg%%azqgl%% &ﬂvent Il‘%lhe o%to%{; l‘eeg)rf(élp rglgglg él%adg?r &B?l gd is
weldeli & BbaREM§ofRIn dmh@m@[sﬁlomfm@rhsﬁl to variable nane
used beIOM/Thlckness of concrete liner in pressure

cast st eel pe from above Set thickness of concrete

[0040f o \Mpy ste s e O i@ b sabE o PEREC b Boered
adjac&@ qlﬂ(l)ﬂjéncpéf tRL ARLPEET 27 1n an example embodiment, the top 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
circumferentially 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 FIG. 2 illustrates 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 seal 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 also 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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Concrete Liner Steel Pipe Wail The sum of the areas
can be calculated as follows : The sum of the areas

wo poea3he di stance to the reference certtroi dPCT/ER00£039091
calcul ated as follows: The distance to the centroid of

th N d qf the ste
voluria e WSS BY teR g B isn bl X med W e gt iy B occurs
withirP&S $ARAb &bt du@ing )pré:@ﬁd@@g gsadh@ Bh@t aeelqﬁpef & shews? m&l&ses in

moment of Inertra of the individual l'ayers about their
dlamecmund@rmrmnreaﬂl@ tmcazladomnfaﬂ@ﬁg@émrlmr@ssu@wgg fiesadis in a loss of

aboutf60[ }Vlvsr}e ?g{rﬁgalqﬂ thP ?01‘ 1nc{1 Fh %Rontgre o Hﬁl:rayl%ﬁ§oep Hog is

conﬁgda&i ol o) y@bhmoﬂate%umabcuamwaangae substituted into
Equation 5-14 of AWM Manual M5 to properly calculate
veral |l pipe stiffness. (Centroid dianeter of th
[0043J pe P aﬁéxgmpkf%@glm@@ the gregat g Meduass PEIar g the'cenral

regloﬂ"{) thi £ 6h oﬁ%%@ﬁ%ﬁﬁ 55%}52111% ééiﬁft td LIS g’f*}eodo.‘ﬁ@reﬁé ll‘Fl&gagSVolume

ues sh he ne ressure cast st pi pe w
changmllh?i’ll ostur flening prassucieationnsndoimeviingsd é1einemr pet aridssithahthat of the

nor e capabl e of supportin e handlipg,. installation
top TSP et TR0 ST REP £ O peet i M BT g mier
operafds eosmteh&ésgt@ﬂt gkt (RO 3478 en sBESPheRin Gtk dsﬁ%&ﬁtﬁl?'f&r‘the process
can be manufacturing using a nunber of differen

of botbmegsug éle@amrpm)rtr@n‘tam copesitiorhistethe esteniblyud® amshimto the
i |
chamiyd 48 NGy Drasiiriati b TR R R Smpsiion

system FIG 1 illustrates the use of a vertica

[0044pr eSBhw tBp ¢iaglouitg st@oh B0 didudR dnifdidd Emaes &ipatyion that is sized
wherein the concrete or nortar conposition is poured
and shapgd toaageompnogatgaacemant fhctsin @fift teg mesnkgr agg@wrfg/towr cap 66 that

is plage‘aromelt Q{‘aoé) 1# JRESn btnS 5%1 éﬁ}rjoe Th %§51§Tlg1te§rx%§§léf§1@, (}Pe inside

stressin orce on t roun
diamcsdreep rqgnqmdlas @mainétbtasmdrsﬂmﬂ;lbn‘glaﬁ dl’ast ef ihs cetnad vegion toh@ntrol the
. t al ace finally- CU£ i ner of the
axial Placqmant ﬂg diefedy Cgt-ardhipft PeEUFTdAC cqnfral region.
an exanpl e enbodlnent this exanpl e techni que i nvol ves

[0045pr eSPR g iriag 58 hEsonaLEd a%QHﬂér%E&lo@l%Smlﬁtaﬁ%xé}ﬁME QfibbH@bnt, this
to inmpose a desired stress on the netal shell through

inner seasionsie vesfldeg h)y‘qﬂlp dep amgé&-,’gy;@gntraélzlr@ gussqt@é@jtrﬁgogn) The inner

sect10§r6§?1§g){)él Vﬁrtgeﬁivr%dlau}g fl%‘%%gg’f f¥?rﬁ the Sﬁtg %etc a\/a ! ally outwardly a
distanc® RS tHel @Bpladcdidad hutkel t@ a Bodilibsdja&dnSn aﬁbp@tx&ﬁpbﬁthe collapsible
assenb%% 30 useful for ing the PCSP in accordance

inner yjoldymemBents. nEhqinaey Sﬁ@tﬂ@&%lﬁékvées 3 pait pf dovargilyerojecting lips or
. ' |
rings %ﬁ?ﬁgﬂe%g&o&,ﬂg%gg% a!ggdglie%{alo Q%BQL R {Jlagénétﬁ Jfoﬁlgecgp end of the

attache ereto to respecti
collapgibitsinaér mbld serabdr 5agherebetween.

[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 limit 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 is
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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descri bed above. The wall thickness of the netal shel

can be within the ranges noted above. In an exanple
wepdodssyent, the netal shell or steel pipe canPdBEURBAL039091

on a drun1cy|inder machine with the ends 34 and 36

t h nbodi ment
100478 e R Sor RSPt ik T GO Lba SORE AT s i R ccaf he
collapIBlAinnsM@bld Bembd 59 L"cblﬁriﬁéjto%\&ﬁ{g iAnd?&8&iohi 639 aﬁ’cﬁasfsﬁ@tm urging

i s positioned at ase or bottom position of
the codlepsabipimpldoenpige 52) ageenst ithegirgd). c blirpiop seisfogcine neg d IZ |1§/forrned
from %L%?Lgclt%rélrgﬁgéi rg:iltprlarl r,aﬁng Fenf?!rgﬂ%l%dglle%? %10?%] m(r%g{bgllcsgcflﬁ aIYone or
togetiRH Ffractsh finutah @u;%@&%dsiti@ﬁecﬁét&hcEﬁﬁbill}olﬁﬁfdr(ﬂﬁ begeRrbligRible inner
inside wall surface of shell end 36. The base ring is
mold msppettopramsertions ke arypsanRle pmgpdment 8 tap reiprciag Tigg 72 is
made % étleélggﬁn?st \%lhéﬂ o tfi gn Qf e Qflg%gfk? ﬁﬁ%@ﬂ'rﬂaﬂﬁer%ﬁe
erre naterla I'S € one or nore
grooves 40 are sized and shaped to accommodat e
[0048pl acﬁmetnp na&fmb@ner pressvune @pré@sqoemrﬂsmmmhlan gembrbpostichizd
wherei n the one re sea nenber 42 are

ej n,
radlalﬁvwfé SIS LRAREP Y SRR 210028 Ot 51 éﬂ%@% andafonygection 74
that id LR tdiaAWBh& en@of ?ﬂ%@ilﬁ}ﬂé&beﬁhﬁbé 58ondan th§d&diameter. The

preferred enbodi nent, the base ring conprises a pair
top segﬁorg?fbwemrmateh slhrustrfeons tedep mexibat b§ progaced By wtarosd gressure
durin ﬂﬁ er alde5|red di stance al ong the outer surface,
uring, I%%ﬁ%ﬁ%%%gpqggﬂﬁctlve seal i ng menbers 42 in the
form of annul ar rings disposed therein. Theannul ar
[0049% eal Tlid frasuft2op v iwlgies habuiidealismslel wallthdface that is positioned
el astonmeric materjal such as rubber or the |ike
adjaceni Higgpe rige ot}%walpa §O dnsiesadipmgter inpageinprindipglpdastegroove 76
The |
extendfit B @RI CuRME et ARy, AIEPRREE 00 ool KSR yihin
the grodveaamdaman bk dsrnedrfoomete ekastomarlt atatq@alito mavide ¢ desired seal with the
chanber 46. Qe bas |Q% 38 fur%? r i ncludes. a g ove
top ringoytReCtion. ylepatiehy the Pr e ditidh FAMPST IPJRGOR fan
config &l B& i AFBERIve 8 addfinfid A Gﬁ@cerﬁ@ﬂ?oﬂi QQURg ARniber therein.
positioned, “sized and shaped to accommodate pl acenent
of a sealing nenber 50 therein to engage and forma
[0050% eal The prissare tan J6é@§ntmqiude§|adenam diamgtef wel swifacg that is
coII Ie i nner i n
positig BTk o Sl BE RGP MR kst 06 28GR
configundtoryville alihh @nél%@bﬁeﬁtgthél\&%(thf e thenflas@bsdin@nt, the
I nsi de di aneter, that is connected with a
dlspla@@ﬁ@rtévbeytoe PEGHRB CPBIRNISei spPAe R disDasah sirgumiceentiglly algng its
r
outer Q&EJr?ge %{gli th Eg%ogfn?(?&na@&ﬁlgé}ﬁ nt ld?glll é@%s&%ﬁlgﬁﬁ%mber 82
thereig Odvhe&elﬁltlﬁd &ahmg] ot Chnrmnf()ﬁﬁecﬁﬂomanm}fstdmeitmdaterlal such as that
oncentrjc around an out si I anmet er f t he
desorfpd plroxe dovethe Oﬁﬁ 28 HW&’%%WFEB&&‘H S§RNEP Ol d
menber and di spl acement tube are each fornmed froma
(005151 I UK Ttk d Mefmb@ &, TR RItoRbd of Hﬁ;bf'clﬁe ﬁreﬁ@ﬁf@io&)'% and is
material, and in a preferred enbodi nent both
configtie¢d t@gsmbv@ly ﬁn @tlacnmlenit Qféh@pneswwrﬁé agtcs thic a@emﬁS to close

e for fro col si.bl e
and IOCE?% aﬁsei% Gog C%a "%‘ i%%]m Wwe%t gﬁ ﬁ%‘fl%ngsﬂlgglper 84
is pro@idcdrBt @E ifétim M’tﬂina? $ing @ kl@lﬂieﬁh@t it higed RAVIROEN An&YdihMEtSF edge

or can be formed froma nunber of panels or
that is capable of registering with a groove 86 disposed along an outer diameter of the
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sheets that are wel ded or otherw se joined together to
forma cylindrical shape. In an exanpl e enbodi nent,

wo b@oasdolapsi bl e i nner nold nenber is provi dedp¢TUE1969/039091
formof a cylindrical sheet having two ends that

. .extend | ongitudi I long the, |l ength of the inner .
displaggPgt TSR SooHRR Tandde 0 ROMP Tl DAL i BRAYE Fhigresist the
pressE@fhrf§ ofaNEeRpi MA@ 68 duenB kikSyreRBreaAis perfiond-

coi l ed towards one another, to reduce the di aneter of

the inner nold nenber and thereby cause the inner nold
[0052}enbEle digplecsmeaptibe s peensedbcyondmiead mentbgt thagextends from the
f PCSR t - -
on <GP U Sy EPTRE ERRSL DL S ol PR Mo s

The oA®bEmOBHIBIoparate OstdtEiticatle HRplasanan dilrefforyolapse caused by the
mechani smthat qperates to nmaintain a fixed inner nold
externzppsanrgRAtE & thiureld gssemelpduinerge Arossuss siing Pgration. and
ey SRR SO0, 0.0 PRRL TR LR VG IR ocu
mountilg hubpbicthebikb érot sloicighint fat purpedes @$ stabilizing phaxkohent and

.. menber fromthe fo d.concrete or nortar core, The
minimiE FadBE VR PT SLICr iR Halhe CSRFGTIE e b Bigeess of
formihEakagsrof the concrete or nortarconposition during

pour and formation of the PCSP under pressure. In a

referred enbodi ment, a gate is placed between the

[0053£ ol | Hipsdinlecementiubpdt dnaeded en idpid¥) pdsiionedHirgregh a tube wall to
. enpt el tuated to.r.educe. the dia er of 1 he .i.nn .
fucilif G a8 e AtFE il S B8, o Bl STl The inte
includeb @ n&iytighn adtncegbrt did 92N L purbsed ofieii@hitingOattaehmemrelt same to
fromthe PCSP once forned. [0039] A bottom reinforcing
8 conyqnHENa GTISSUTFARYT MRONEHIAIVERIEIcIFC HEhde 2 dialsTsiclycry picade @
prefmgéd éxﬂt?oa‘%r%ﬁgtaﬁl%'i L€od ﬁi&%ﬁitiﬁf?éddne'ﬁf{ﬂ%%rottéé cg%s%@a%@ﬁleﬁtﬂﬁbe 54 and
ase ring 38 and assists In pronoting a desrred
is configaitet ng aarpadrdivernytoflpetsamered avdrat fromaantaldepicssmnizoi dehiee such
col |.apsi bl e inner nold er and the base ring. The
as frogs disrhapes; W&E@ipﬂﬁlprqrﬁ]@eng%e' can be forned from a
structurally rigid material and can conpri se one or
[0054)0F ETHERANRQE-JecdciBbd BlsemBly0I0 & @g&aftrin HRI fB1I&RIN@HMNRF to form a
support positioned concentrically inwardly of the '
PCSP¢ didferp plastmentrnidhe prossaratentdérang drokong merdbgddtaventheltop portion
an _exanmpl e enbodi men the bottaomreinfarci.ng ri i .
of the s Y s FRER TG oF solebfta8hb Mt Blas o frsf O prferie
delivér&Rintohe ichavabet 4BE0HEEd bt WO40the MavdlBBelt 32 idwetht 0pllpkibld@ner
assenbly 30, an annular top ring 58 is positione
nKﬂdH@Pﬁ@% -atop end of the netal shell 32. In an
exanpl e enbodi nent, the top ring conprises a
yli [ [ ' Pt :
100558 £ BT Eap Ry RiodRgh; 2R ER rhoRap Ahid AR omprises o
mixtuB2havitpetho tid lerwise charancridich a®nadedims icl&actcastetie that tHatconcrete

is siz and shaped t.0 acco ate pl.acenent of the
or OO P TG, 1 T Gt ks BUrOA: Jmis CRIASP RS emsratt g mortar
will treRétid 18 pPRARELSpIRE t81t§ sRERLIFANEL t¥h bIWhe pHeco l@l:ieymfoﬁl of the

~ respective grooves 64 disposed circunferentiall
pipe aad sahial Iyt (i werito34pang the steeldupa 4 eedond ehaveetaristivais thap the

ring 58 and the netal ell 32. The seal | nbers .62
conerfis 07 B iy b SoEbEF s TPidte SIAD SHRAETr BN P 0 Ranimio€andior
climiRk@sidRERsd Volume loss from creep and drying shrinkage to help maintain the desired

stress on the pipe wall during operation.
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material such as rubber or the Iike. [0041] Wile the
enbodi nent of FIG 2 illustrates the use of sealing

woreetbas®7at the top and bottom of the assenbl ypdi/spmegasosl
in grooves that are respectively disposed on the shell

nd and the base rin it isto under st ood at the
10056510 P Ta ey PR o faiL th e edSof e BRGHE sy IR ehifmall or
climirfited 838hd RRerAd $roBee r&dcht S EARG REQuR!I MBNihah teRARRABHIn in the
46 can be other than that which is described and =
concréte jogrstwidlt hedimiggeldotaksure thgeshneratci card ©ms centect widiehe tnslg diameter
to .be,wthi the sco of this invention. 004 The
of thel et PGaH b Ay VP SR Eaflyat o tohy b b@lp FERGP e nd the
insidel AiGhetdest the aREI KRl rRE@heBntabiedr cldse praz@ditandll Gomfdngure eht the
to accommpdat e receiving a pressurizing nmediumtherein

concreff goreravieemthe helinlige snyiennset peedodtaipetast thestret Gow
r.tar. [ 4.1.T -
corro b, BF e DM RS ot B SRRy g et vt
carry thel load frame peasec, tigtouoadng snywefithe avdilablechmivitesss &G carth loads or
during pressurizing as tne out eé)l"‘%t eel pi or shel|

: p :
reactigiyio) the FRAERS Of MOHREFRIFel NURYIEANH AT BackTilesuppst wilf provide
the st¥RETRERARIGHSUH IHRExREES R4S FoRGiIEFULRS pipB wRidHPSSd Rhter

about 6 to 7 inches of vertical height for a 4-inch
weight hircdn campletrebddiment, thEtventrets arinmgtar sompeditiguis edlf {ayeling with

. . he accommodat e. such, vol u change. [004 I n an

imite b G GHGH P B Tetth oGS 074 YRGS frochath oriaemssal

reinfoddlflg hREbeRMisRked @ofca) of the top ring is sized having
vertical height to address the concrete or nortar

vol une change that occurs during pressurization, and )
[0057havi s wolana pbeancratpar mpgan ewsposiian tha st used farreakipgpPCSP in
: . |
s 38 ARSASTOSH o S oK OB 400 U 4FEd [
liner thickaers. Thatoddiee enethoddr é@npass intie delivieesdeintd tleichaigber 46 until the
nFIy for the process of both pourinp t he concrete

asse .
fop SUSHCHBY P18 PORHITY! 1110 NG 1R GIEHR tae sty Ny e |crrgPodiment,
e o R R P A RORUEHARN YRty gpends
distancé ngo thettep risg 681 A n6di above) diestopming 138 ogheratkisaonptoandet ampextra

region that is siz nd, shaped, tqQ acco dat e
voluri G SBREHE o TR HOOR T B RERIBT JRr i adRtRa bl e concret
or moB@PsiRfict RAL] WRhiR(RE /Y IO R gD rERR:iReLH 48O tPthe bhBvard expansion of
assenbly 30. In an exanpl e enbodi ment, the inside
the stetil slredk dn an epamplgicorbormecns, the smsmerof spiasele oraiorter dispesrd above
the ents:%%gi% ?}Téfrf;lt 1%13 t%?tﬂg.ekreﬁ.{ p%ﬁ%l:%%glft&g%ﬁ%%gcg%l}éeh@lrgé I.p?elsglgizti%gd%uch that
the fiall 130ESf tA®toRAdte s juiert aRMbp af theedd 9. ThOCGRtiodhEretd@ied above
ring 58 also includes an inner section 68. In_an
provigoarraapngsdailationtof thanyostiGah deap 18 sengretg hicighiydyrangdthe gressure
. ring 58 by centralizing gussets (not shown).
Cmnm%ﬁgx%%ﬁer section 68 is positioned radially inwardly
fromthe outer section 60 and radially outwardly a
[0058¢li st@mmehé camrdth eodpaytiacs pontedtintbehd chaanbpogb,tandbefore it is

adj acent. an upper end of the .coll apsiple innger . nol
allow Gl s TGRS 1RGP 5@ s BF B ARy fog edOBaH B pTace over the
top oﬂiﬁé"@%’_@rﬁgiy}’ WERF RGhd\WrdctddSin@rthé hBQ;iSasZQnBIE}%roﬁgEthe water inlet 90
positionéd and sized to accommopdat e pl acénent of the

undertagissieerbonstatingepressiica gdic bt ageri flomesrintoghelasyemblyy fiBihg an annular
Watertcﬂgrglgg%tﬂ}grenr}éd 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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[0046] In an exanpl e enbodi nent, the coll apsible inner
nmol d menber 52 fixedly registers wiwth a pl acenent
wo eapbas®7of the base ring 38, and at | east onepof/U51989/039091
top ring lips 70 operates to limt the radially
outward r of the cplla bl e i nner npl
the aspaiblR i R R B W R BT e S tfe B VB o PR T and
that 153de%'1n9dl pMiceal, Wwithih fige @ REioARE tIRSHEMALY Th&lwaeor v&lnﬁn the
other of the lips that is not in contact with the
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suppoirtivipethe faligl prReBent Iﬁﬁnmmeﬁm dollapdibly cket Withiheheediderdbllyod.¢.,

the netal shell 32.[]0047] A top reinforcin @4r|n 72 1s
equal peRspurpoRe XAty ol pides @féh@ F ible igperipeld ragmlpgs @perating to

I r 52 adjacent the top ring

rnamt&lﬁ 1‘!5?9@% S{Jtﬁltioﬂqg[hlm(? 83T S? s in urging the

coIIapS|bIe nol d nmenber 52 against the lip 70. The top
[0059¢ ei nlemessgrerofrtge Water svithor tire dssembiy @ nstintacicdiatd bgnstant level for

a desqqﬁigaterlg‘gg o ?dJU{ g}q(fpgt?th?ggq, rcgl?]i%gﬁﬁ ﬁ}egongr{rg{?&;rrﬁ?onr?a? composition.
The uROSH WABNRALE %ﬁﬂ&{dgcrﬁédlﬁ{m' MR FYmBeup BRLGP bé‘ RSIpHLE as

i nner nold nber top end section. In an exanple
needeéndtxumgrtbmpreswh@mgqq@ocre@aa tof asidedsk gny feakpg? 2hdt snayeageurf at gim various

d dtoth .of the le .
seahn'g rli]ﬁlg? Wﬁ@fo&t ﬁ)g:ﬁaér oef %us%t%ﬁlgjelg %HEH? 66 ﬁs@ﬁ% &OP Cute in the
pressi? B APRo BB 0COITIf prRSur&WadiiidkAfcdBIDEINCRAS bi %@ﬁﬁﬂressure
radi a Iy between the top ring outer section 60, on
pumpa he grasit amountHineg thatihel canarelp 08 BOFRBEPITRPSH ipatS p@ssurlzed will
vary cf%ﬁ}&ﬁﬁ#ggn iR é)%gucldgp § rpeetedegtglgﬁ H&/ﬁf Bgljf 1 ec gee&ﬁ% tth'é)@per’ f concrete

comp@ﬁﬁ@fﬂiﬁéd,adseﬁelt dyrthis paiticolar éﬂd@uste@}ppl’mjmbﬁr 66 produced by
i nternal pressure during the pressurizing operation

The pressyre to 6 |ncludes n outsid
10060 i S ] mdht fees he SR SCEqTBIRE O QHP%}E‘&ﬁPf thte
1nvenﬁ@rpcafn' U&%e@ﬂéf GldeResdd Wit ROerbR&! 18 ehJfoRBRLRS b BB1L €91 ON,
includes a groove 76 extending circunferentially
therearound An annul ar sealing nmenber 78 is di sposed
Exampjet-ti RC$hwagy foomeé using theaassdredbly ollysirdtetlio G, having an metal shell
inside ch%nsl%:tg{rg a{pﬁror;(grtngtg %2 g?he%:]lgy %q{Vgrlﬂ%EISI Iréciergtesc:{gﬁlgo%,\%%n comprising

approkinMely nso a4 déh@ﬁﬁ(t@pe 1/01, 1890 BB c6ate HE &R, 1900 BM sand, 319 Ibs
havi ng the groove to accommpdat e pl acenent of a

water s@hflior figheipes witeicéneing pdosoyre th nm%&Qﬂ)elQ Bpzacosity-
rnodlfg Oadhﬁﬁhﬂed@g\/b@s%% Salng%o ﬁﬁﬁ %rs W ok ?lH{ %@d‘i{ev&g'sae2 5"/S)

t1one acen an OU ace O
whereth gpltaabweight diﬁ.tbe cérapossieat wamapi')ﬂqumélﬁ 3989 lbs If desired, a portion

configured to rOV|de seal i ng engagenent thGFGMAth In
(15 to 9 @ycg?l%]g A ﬁ]éqﬁemqnh %orag(gﬁ g%é ip s 8?)cornp051t10n

can béféﬁac@c[‘b& Wﬂaﬁ%@e Q«%egﬁ AV aSRoMSRAZ B m CTS Cernent Manufacturing

cunterenti a ong its outer surface that iIs
Coqy3®ze@p@mma&mdmﬂsma&agpHat@nhmmg@hdanmpnﬁhbapnmeahomgas

Aol o] Gt O GR C5PeCEORBR tharice: T af A BRHE A R gRo1d Rember i

positiGRAGH I tRAdhARGME dfa%etér'lﬁ” tIR! RQIltIREAIrbD goﬁ@a‘@ Hher 151 §ﬁ§fok1ﬁhately 84
this assenbly 30. [0051] A |ocking nenbe

84,
inchepoBia MpibhcBivasopoGded Méhplepsinatacbgiobehaaing a wal 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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configured to renovably fix placenment of the pressure
top 66 onto the top ring 58 to close and | ock the nold
was@e/idoy4 i nto place. In an exanpl e enbodi nent PCT/82009/039091
Iocklng menber 84 is provided in the formof a snap
or the |like that nner
charnbe L SBEp g Rt Debe B RLFECToRT PRl FGTA hh suface ofthe
concr&tt @eMBoSholl PROSSEr Al AN EssBMbRULAY prgésﬁffﬁédetb a%fressure that produced
t hedi spl acenent tube top section 74. The | ocking
a stressanbiersteoh g hgrpsoximetaly dB e gpecifeedrmmimpmiyheld pﬁ@glmwaS) In

130) d h
this et s nest et R FROBES PEM oMo TR mrroee

required gep@dadd 34,000 psh rdpsadximBeRers StﬂéatN@Oétue tidsexhmhpe gl{?@l the D/t
section 74 downwardly to the base ring 38, and

. to
ratio is R&0. ety ST hovhiehels SREonsk thivepycptional gEictiqhi wHer RIPC figsign and is
t IS
only ok P IBEREHE A AlA el ipa B REAL 0 Rf SR loncs
The wakwe pmhldememﬁi)ﬂltymddj af they 1eved f@r @@Mﬁateasm hvjlrs imposing a stress

operatio and, may e nd pbetween di anetri
on theserd DEY o3 gPRTOS ALY 5?1950@%@1%3%9 cxppng.- éef?ﬂﬁz“é’a}“[sff clevated

tempdrRGRAL &k, '@%“'htt 'b@tgvegﬁ' ba®to f(h)@F |thé‘@olfag%)leslﬁﬁ&@?noﬁgﬁhﬁb&oxffas
pur poses stabilizing placement and m nim zing

rnoved ado #b rermeedposition anéflicewdterqmesshretvnighid ithepdssaetry mtas trelfvacd,

the rocess of form thelPCSP 0053% The Th

causit U PEiEn o TR 081P thh CY A OBl NHATRE 1 96 SBPEertaThe

resultin POt ﬁe%@e&\’ﬁbhl the afsemblyl, had SetMSH FANARNM t@Corthific
pressurizing nedium e .g., water, into the assenbly.

curingrasler ambtent pr@md@@ndltw@aklrmngﬁl@tebo@*ﬁfé ¢hq wHiadplgvged famperature

cure, @%n{g/g&? C 08f fe%ﬁe i’bgﬁtv&lfag %ngé { gpcorr]nl% %se tr%ss oﬁ@?%xﬁx?atglg 1659

entional  pressuri zing ne

psi. SRS ti 6AEESHT @RhiidBmesehied abdve tﬁatm’r@‘fflﬁé ﬁl@ exaﬁﬁm@ dalo®Eation.
the inlet 90 is positioned near the bottom of
be 54 and is conflgured to acce

di spl cenent t
[0061}¢ .f\*f gapurgfo arag@&}’r@szl’édnm gpniey gescHbedisithppss ot water as the
pressJH éHlﬁIﬁ'ergieLdthﬁ ﬁ? O%errboﬁ e{er i dr gfl'o%@ Q@%lg ?r&%éﬁéﬁ fhedium.

or the ove- descr asse
A dlsaaﬁantsg@péusatgthe icondréte cbmpbs:ammgr gmutnaesrthet prefsoring andaﬁ&?ls the

re placenment of .th essure to n
doma g in s AR B Mo it S 5 FENE i< Bat i¢ BOt to the
inherh€I§1abRdiv¥ @hihii®o Othe CONTER LEMPSsifH ABkcIf MO %héﬂg@rin kologic

poured or otherw se delivered into the chanber

charadterisiiss tfm&tamé@nwmhe on@tralverstltmﬁs Bs @2 canilq:0$1h@n ewks, aﬂfzﬁémtﬂ the task of
{ ipo é ﬁﬁﬁ | e enbodi nent,
maintyiliece o‘gg %‘E o ann%“?%‘r CofposT hgh BlihPies a mi xtur e
having the follow ng characterlstlcs One desired
[0062¢ harBigd @ iof tiater ia$ a pRaturingeamedin@iriet greQuriridptiRs cdderededif mortar
leveling, so it acts like a liquid. This is desired so
compesidoTL@edgsehesedysupmpndagnatiics f rmmw EMstaREDspWESQfHte the concrete
o ik e P W LBRE L LA 6 OB BB A ¢
comp (%om ) Te pi %erfeange?e | altolhis utgu V\C/gr\één:ﬁgnef% mi@%mn
and itsat mehngp |tlpme s dbt stéfecmdi bg ﬁwrcancﬂng oif gtei conerstet dmatpotsitnen Further, since

e oo S o T B DB 5 S he pressre

apphe‘dqgﬁ%' JuBlcd Of HBBomPSStidd RMhE B RPtoARE nidFaY | hﬁ&l SIHid ﬁ!ﬁ{%%?red
help maintain the desired stress on the pipe wal

pressum causgs tipenfa@ll sbell [c09H6]in Idnarmetgra@flte‘wo@d ued@cﬂcnqmat hydtrcbiest

pressd%e f'ft du %%2 5% prteshs%rnqgg Bl‘r:orcggseangl Nifor eakage occurg %t & any of the sealmg

surfaces, the water pressuring device, ¢.g., a pumping device, can easily make up for the loss
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elimnated as the internal pressure reaches operating

pressure. Maxinmumtensile strain in the concrete core
wowdob/1kw7d i mted to assure the concrete core iBCT/IS2009/039091

contact with the inside dianeter of the netal sheII or

nual p exi sts between t
to kee@ghd piel Shelh S8 £ HEcH R PRBoBIERt amrb Coed Hiagen cure under
water StA8 Water PrGBure @RS Adw Ofor BeQenpREPISh | rtB bte \MHﬂE aﬁ%'rﬂamtammg a
ensure that the concrete core ErOVI des the 1%
desireg|pkessiiig onse vio makenp watedshwuldthpiedrcaoy leakagseldbe concsete or
nmﬂagqgrosh%p for a period of approxinmately 50 years. In a
pFéP%? &0 enbodi nent, the steel will carry the | oads
from pressure, mnthout usi ng any of the avail able
[0063$t eeDn&tthesencrae oeabithr toradss en selgedted o 4 desirbé pressure for a

oncrete or mprtar core. The core and adj acent
desmeéi@momo f&imspBerawmyte infesnvad by releasing the aeter fosyihg apssmbly,
|
causi | g te&aé%g&%tgi%lﬁmmg#tgoﬁ?@gﬁﬁ& gﬂf&‘éicg % ¥t WEEI dhepéb%‘:brestlﬁssmg
the com@hy:pkatmg cmrlnrma'dnqlressmmtp d¥ictitlomotairs elhef bidy dialrmagerwf the concrete
.ted rW|%§ e, and .is .unrei nforce

or moatalf e &t Haer EHsMEdt todierdampygh gt ﬁ@ W%ﬁ%et?lﬁ gore, Cthus the

need fFRUVRE 8n HHtSROSRL: tRBILE! that & CORALILINR MAliHEEItPfemoval from the
concrete or nortar conposition that is used for making

now fp@SE PGSR hips. tma nmfem@mmlmdyn@iép@rmmth@PG&P Suchreeh gegseurszed for

a desifleﬁii cgl%?g)él!sﬁl% ¢ Hapcsﬂoﬁ% }Itg?gmgfds %rlng%{rls Cl 8 @a}pts?(gplrl?r to releasing the

pressudeithe! @@ abdehibl (f fLasab %mﬁrdaﬁﬁgiﬁgtthé mh&ernb RnéHbdrasandf
t he pour exten s into the to e of the end 34. In

clampag oxeerRditee earpoddrie fcilitptger @@Wéh%pr@cw ofrgeapsing or otherwise
| the nold such that its
rahwﬁ%qggggh§§$Okgmqgﬁ%xgggﬁggﬂ%ﬁto the top ring 58. As
not ed above, the top ring 58 operates to provide an

[0064¢xt ria ancixampleaintodimere] the ato ldaystablyus edbnfigutral so that the water

presswxﬁg g&{ﬂ;? S%l@%fb%g?ﬁdaé% qrx)g {I]g:)s\ér%prrﬁgtg edsiilh 7 %rg glcr:er c?otn%gured such that

the wﬁE@ﬁ%&‘sﬁirez@fthlﬁ MhdURintRrd dlﬁatﬂ%’ﬁé ¢h BRI QnétidnEith one
st eel shel In an exanpl e enbodi nent, the vol une of

anotherorg rd@t feiamplermnbmhmdmtsbmt@mdabﬂ@ 2.Hbe pwslsummugswater will flow

from G charibe it Shd TR0k Rorptedfe MRS ehlering bR 7GR o seal. 16

desne@%‘t@b%s&md@r]hﬁ&& cat bd frovided tohudniert eRcicded ﬂd@@dge of water
equati ons presented above provide an exanple

betwegn thedhambets 94fand €. vertical drop in concrete hei ght

during the pressure casting process. [0058] Once the

ong | -
10065] G DR E RFRP el (nb PR Eed, TP e SIRTL g, o the
pressUiB tbpt dteis reagveadgintehdemaidn@elemeomd dé tha b lding/ aeButxiag assembly

t top of th enbl Vﬁter i S th n directed into
are th?rhg%%?rablsgs Eﬁﬁi’ﬁﬁ% Ferpgyed fepma thejbapeiing o8- fberempved

PCSPI&RbE %qn%%étd DledHec§ ?()ccldﬁ@n fo-lf%H@tcﬁfln%bp% cblrl‘ctlr@teto|il ?nortar

assenb l'ing an annular water ch formed
liner lbeltmbnentrme@u&*mndam alaydrating enGrbnarat, ek, whﬂrb apintbesubjected

to walsf B HesTRL B MERT ffien e 0 36 SR BPoSEIeh tHscorcRete

comp@SSARLY bé RatkichiPy HsBARSRB|RRAVE a PRl BB ThppridRimately 188
concrete or nortar conposition, and that is de?|ne

psi foyye nenicl ¢fappraimarclyid hoans, pBer wlelgh timeghe pigesuro s refepsgd and the
PCSP Val?ge%l\é\@érﬁ% echl th I't‘a ét‘;age%ﬁﬁer e ééén p?ehssur %uIS O%Jer atr I%Séfc' 8&1 of

approkiiE§ teenty-eight days. In an example ernbodlrnent the PCSP can be steam cured

27



desired stressing force onto the concrete or nortar
conposition while at the sanme tine supporting the

w0 awvaboopd acenment position of the collapsibl e BOT/®S2009/039091
within the assenbly, e .g., equal pressures are

. exerte n both.sides.of the coll apsible i,nner I
during RIS g TR VA P e i he St PRSI RoE N . e 24
hours W bfRhR chitecadSReMRIPCSH BRI quIige R 6E8 T a9 agfbidde @ur\éﬁlé\%:l that is

w thin the assenbl is mai ntai ned at a constant | eve
normgllyr8086 gédic strengile pf ootdays. t Theeclehatddigmppratusasicamgurerrgeelerates
curi t.he,.c te or_nortar conposition. The use .
the cufte . FonlNFE PR s R Bl TR Rl P et awicer

thereByabioify R ridiRfchigthgastcgetiiehg diditiongl POSP.
pressurizing process to address any | eakage that may
occur._at the various sealing rings, wthout the fear )
[00664 il Brilusiratisppotngs $xgrwle gssembly\zQp aiscty] for mekingthe BCSP in
accorddhclt W?thgflgﬁﬁﬁtgb 18¢ H&te® 0 c2hat'R Wb e QRGWimildr (PHES IREBsed above
was mai ntal ned by a concrete or grout pressure punp.
and ilMikeated acklGartonmhat df mikermsd dicd cdllpsiblenomes tneo ld mendet amd a water

conposition is pressurized wll ry.dependi ng on.the
pressUT TS R U iR Sy AN AITbIe RGP0 GRITRDY P S Ly akes use
of a cYIRIrfcPRc@Af sHeQPob ebRpAGAR @Rl 3 (AN 99d and shatbfinc@%in RRrior

particul ar end-use application. [0060] PCSPs, and

surfaoeet Hsdssyliong RERP ndhe hssemblye200aododesi angnnulapbasa¢ing| 208 that is

..of this [nventian n be better, ynderstood with . .
positighley ahebioP SO §1dfT s R TeRes it &> sl Fetactdvifbagpinside
surfacé@F tHcodnded6U Shb GadctengassadRbofibhred it gadkRdlyithe $anfe méaner as the

havi ng _an metal shell inside dianmeter of approxi mately
base rg doserihed abpye weHiiy Bicjasspmebly dhistrated it Blpdsi ti on

conprising approximately 750 | bs cenent (Type W),

490, | r . 2 .
10067} e EO AP E A PR R el > R TR Ronclfchnt Blrcally
inwar{ i@ ofnhame AT €H2)1,202 @nd kxterdsvio sgiosiinafiyogwfayd lp droaditiic bhser dng 208

VVA 538 and conprisjn smal.l anmount. of air void
to an é@.es e OM@ DO Bbar | SAGhED entedh e idhigBsre figmbly 213
positidRe A2BR LAY TR RN FIRORs 19|§l]y 200. 488 dlsphceBeWtd 9 Bekclaly

to 20 percent by weight) of the cenent conponent
configiirgtingbe shnaympinesr ab dessribahpwyt forghe esnmbly afdGageandoycludes a

e R0 5T BIRRR Bl ESTRSTR SR o

assem@We to drying and creep. This conposition was
delivered into the concrete or nortar nold chanber.

The col |l apsible inner nold nmenber is positioned so
[0068] hat AcpBansids Bacymadenenbeyr2 [oHeradgdly mtiempgsedpeyeen the metal

r j i Xi | i ) .
st SPOSLE M ALk TR Bl
the saewndrnet N ddsorélsesl abbvafop tioxdssahidly yllGtrhtediin Eh@s2, ahdés provided to

desired. concrete |jner wall thickness for this.PCSP )
form (Rgethgmith errastal S;heh airpRle] élga}m';&frtoé CN IR 8O Fesgiing and casting a

concr&@ TP ARkt %}nﬁﬁﬁio%echért¥ﬁ1r %ef‘ﬁ&i folher PRh AR or! : h&220 and

was | ntroduced into e d assenbly such that i
222 arawsed edkdechéhsenbpoble gfiner ¢ oworbet @ adaspod iddiad posifibe
water in the assenbly was pressurized to a pressure
hat , pr oduc a stress in the steel appr oxi mat
1006555 APISERETH BB 5F Tl P S lyals o Bpdy SRidiover end 204
of thelrit8l sl &indtah@nBllgecaliS KEMbEE 236 @nMHcNisé® B ladicSfcd seal
60, 000 psi, so the internal pressure required to

betwegh tharnd and tpoiop pisi. iT9e sppiieacdeinelugesigpinpide diamstes that, together
with aﬂlrb%tﬁa(eam&gteg L&EBn of Hl% clg{lgpsible inner mold member, forms a pouring
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ratio is 92/0.16 = 575, which is beyond the

conventional practice in water pipe design and is only
w@omsilkdoes due to the thicker concrete |iner capebis2009/039091

supporting the external e arth | oads. The water

cavity Bt hu Oy OB AT et e tiar iy o8 Be pihe 230 pivisctipee

down%my Q)fregi@féf q»rﬂhraato%ks\rde%rﬁ@@o PHE cSRPSILNYinhér hOldURARE 216 to
After 24 hours of elevated tenperature cure, e .g., at

limit petadiebmoyapentslutisOOr, pressarcaabtingopbise. i nsi de mol d
menber was noved into its retracted position and the
t t € S
o0, BRI LRI By oo 210

The thpcra@ apée@ﬂdlgagw is po@ftl@necbmiﬁ’r el&‘Sﬂop rﬂmg“ﬁh@lom@salotﬂtl&gdlﬁﬂﬁi%ment tube
enoved fromthe as

210. Ehr Esweap @@ﬁe&?m 2%1@01@%% ahﬁll alrhrewéh%rpérrﬁs Brr%%xﬂné)pening that
exten&sot'ﬂfﬂu?h%ﬁ% ér@ﬁﬁﬁﬁ'a 1ﬁ‘é Y3@hiES 10WWRee afnﬂﬂ% rﬁ{ﬁ B8 @ltleet%g cap

t enpe atur e cure e concrete core o PCSP wa
assembhd2i3 ta feolifareths ldvlevesy ofths coficretp pr eortaatahyosit@mAntpsthe pouring

) t r.e uat i d aboyve t hat
cavieF g2 R bES Bt R it BhRE B06 o1 ROMDrbergih
connctBé &Gl 5@kt aftadhBRNIBAN G suASIE Eé&?&e bembher #8i€e8fdevice, such
wat er as the pressuring nediumrather than using’the

as pipogrrthe bkq. tlsleimfexemp@remhodasettthée pitldslu2i2zhasg dsdétanef akout 4

S I M R

theretﬁfo‘ﬁgh I@a@e@ﬁ@ﬁé«iﬁbd’lﬂm@ﬁ%ﬁ&op Sdpcdys@sbla 2081BRd EHe thREing 224 arc
i ke, due both to the inherently abrasive nature of

combtnﬁé ag o Mekded dogedhap slmonbaf the loper andan g ZHange in
rheol ogi c characteristics that are knomn to occur over

f
o0 oSSR S0 o ARG Al v
annularoig 23 athbteng Bpuged 0GR fiked tmﬁehemfoy\gatset pIaEBS aThe top cap

essur i for pressurizing t c re
assorrfply 1 1 @%@E IR e T TR B By
asserriblPR %k [AGn P10 B kRN scRIFE ISy ABIBerld I3, GRMGK &lsBap ring and the
conposition in“a manner that iIs relatlvely eas y to do

like. hsarr@cawm/enbomamt tharipiknee wqubpmadtis aana iimg thamamteeed into

locked 5T b e BpuFHa T Birede ARao Boi e AR Oa ot the end

ring 2118 afi@lhkd ke ldigpthcbincivthibe 2By gel y act |ike water and
transfer the pressure applied to the surface of the

nposition in the nold to the netal shell. This

[0072i r anEheemateaalp peaskiarfern all g Bherchangnit nateds shove f@rdh@ pwamply 200
can béjfh@@gﬁlg 91%}5& gse\ﬁ’%' dj—nﬁfﬂg gﬁm@ef@ﬁ{eﬁﬁlnomﬁ%fwgﬁtr the assernbly 30
pressure. uring the pressuring process any m no
illustrhedk@pBG.accur s at any of the seallng surf aces, the
wat er pressuring device, g., a punping deV|ce

e .
1007377 o fisirep B elnnio e Rer RS 07 M ARFTATA h%fvg pigmanner

to for@@TCHM I WheRE&HhpWed & the taﬁk%nw @ﬂ' FIIQT oS aSschtily Aluk@Ned in FIG. 3
for the conp03|t|on to cure al so maintaining a

permitieloi thedopeapsasearnbly 2fl ot be plraeﬁdmrdéqcpicewamte rposihion priot feededivering

the copioRalT BHES REOUUNE P Bar iy Lo Bor e WiEMBaLRone or

morta$ u&mp@dmﬂl ik Ghed ddESEreEE. PI RuFE dﬁ@ﬁpea Hesthe askedibly@by @8y of
the pressure is renoved by rel easing the

I e,
the ﬁl\lr\b)tbér filfipg g thamikeis 2kfing at deasisd prytiomer rlretcarm%fﬁe?ﬂﬁ to
shrink onto the cured concrete liner or core, thereby
prestressing
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the core by placing it into conpression. Once this
occurs, the inside dianeter of the concrete or nortar

wo 2oven34934 al so reduced, causing it to be cl anpedr/vs1009/039091
the coll apsible core, thus the need for using an

I nternal cor er, that, is.collapsjble to facilitat
10074) 'S ST i Gt N GOP BT A BRIy Tstrated InFIG. 2,
the coRtRfEs Rkt AEBRPLTEOA fill e istd R sPEBRishas ARQB the end 204 to

pressurized for a desired duration, the collapsible
accouphies thadsppl imeampeste sustape foyel dgingapessrizstionr duego the outward

rel easi ng .t ressure w,thi .he senbl v .S s.to
expanl o 8 Py g RES b o RRE PR ntal gl Rgruce
anothératbethaf is?;b@iti@@écﬁappﬁﬂdmﬁt@lﬁ B30 ddgtaab Gro@f thedieubd)@nd that can be
process of collapsing or otherw se reducing the )
used a8jagpbsavatim tuhefor deeFmipin evhemibe desijedgengreiersugface level is
ese 3PP 8 DL O e 0 B3 S LR g
accurdtb éilldeved determigatiot. he chanbers are configured such that
the water pressure within the chanbers 94 and 96 are

in fluid flow connection with one another. In t .
10075} g o BRI FRAL OISR 9 TS PR dogveipprhe M tube s closed
off anBVERSUS HAEREH MRS @E aldehiblyf IheidhtRMndie 16 R ire@drdsQure. The

the chanber 96 across the lips or centering rings 70
pressutized matardills ¢lad annpfar deasi betveey tlwodisdacenmhbiubh @il @ end the

b rovided to au nt the desired passa of.water . . .
collapsIGRIBHT PRE RAUREATS G BHPERS T ooBEToT s A i Gorfeyble inner
mold ARhiberBid@H crk SheGRut 3psED28 b ﬂ%g@tra%ﬁ $&/pRsdusize the concrete or

rel eased, then the pressure top 66 is renpved and the
mortar epRAPQFiItiRY. el herisHeispTeTsurcHRPCRANESIP HGPPICesdasipd stFRgsing pressure on

.dj . T .
the cofERETR ol o bRETS BRP REATRIG o R, £ O nEALaE in e e
mannér &8 jbedtadovd for shedssdnildd illhgaated amFf@r2.f ur t her curing
of the concrete or nortar |iner under anbient pressure

10076 i 08 Al PGttt bl 40l B ok PCSP in

accor@dhct RGth th@pﬁ%iﬁé@%k@ A RO IRB the éxﬁﬁlp%%tﬁlgl illustrated in
conposition may be vertically cast and subjected to a

FIGS pt ek ithat gnake ueeo 0f callapsiblei imedreald, 1188 agsinbfyormbo dameitod

. of .a xjmately 24 hoyrs, after ' ti the . )

iustegieg BRI S e 6 Ml aenBrscas et Blfider & FPrakfiuping gr the tke.

that if AphBIE bAb&EnE UEIINE bofBiA ke LGS Ahet&G W0V REe [er during the
period of approximately twenty-eight days. In an

pouriggnddiresseiergdfineentocess Had Pesm e vhkle sfoanthe saradigdinenhenee the
t i i ntaining. t g
pespitbebba B A QYR ML] SoTRLD BRRueiLOgpRgELLTO
can get the PCSP to the equivalent of a 7-day anbient
[0077¢ ur eTheeasedmbld 00 nwmkoousrad flaym@6P0holl 10D endendsrigt landt 06 that are

28-days. The el evated tenperature steamcure
sttachg Beb RO LS R &\ aﬁaﬁapgw,sﬁ%lr Pastar rgeohal pieads ampe the same

as tha% GRO¥EA abeO@AﬁdﬁﬁuBFaﬁééﬁhrﬁG‘S% Lh9. ASSEMRIaY bgééirﬁl_léelr08 is

hereby 1 nproving the manufacturing rate of making
positigukdi 4t ilertmittoRCSRhe pB3OGBlY 0@nd 3oiriprisessta @bew Hiflgrdsaioned

. exampl enbl 00,. f f.or. Ki the PCSP in

cireurl STl ABTamt AV isKE ATl B Skt e SbitEie aerapimpdate a

sealing QRENARAL 13 kHEHdiRForl Brrhinata seAISEIPSERsRAPYEaRM the end 106. The
IMlustrated in FIG 2 Iin that it makes use of a

base rgngl 4lspistivties dminside dismetersedsion ldddhat ineandigupadds seqanrmodpte
place nﬁr%'olfra{]dtis%% ULEIZULE. 6N ANPLREM the PCSP. CGeneral Iy,
PRE A& SERETOyTRKEE° UK '
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of a cylindrical nmetal shell 202 conprising ends 204
and 206 and that defines an exterior surface of the

wo esulisdong PCSP. The assenbly 200 includes an BCmubzn9/039091
base ring 208 that is positioned at a bottom portion

e .assenbl nd that is in sealed contact with an
10078f 51 B &35 Pl ada itthet lideDp stec R A ENRHEE BT o seal
with Q0 h@HLeA1 16 BeRekahbY iR dEAIR, thBRRERarfksn 1o PidsEin the form

ring described above used in t he assenbly illustrated
of a s¢ah ripg &GI8 that sgoeTiRuad de fiewihing grppTnth( disnosel slpnae éaresrface of
the rml%ﬁng] tﬁal’[ %Ifelmgrag ytalttocr:]he % c tﬁgﬁee ﬂltéél }9 ?L%IX%daeﬁW%%r%{%{E%}e%ﬁ‘sel 22.
The sédl @i tm@nkﬁgaadrw RBgad@8ntead @artiéanetherwagn@ﬁlbbm Qttaching and

di spl acenment tube 212 that is in contact with a top
sealing gijoshaskasp ripg2 fscpbing MrBRe! 2t manbypyserif sestsbrosnsyRe
desire@38 'mjmyeeﬁqge WIE ﬁlegdb%f) Lu?d:t%g%%e ﬁﬁébe is general ly

con igure sane nanner as descri bed above for

the assenbly of FIG 2, and includes a water inlet 214
[0079¢xt evdiimg to Hreduphf me\mdembrbpmﬂ, artof ang  2¢€ edrvipmgs an outer section

ressuri zi wat er .in t he senply. [0068 .
125 B BB b AR &f (e bkl o 6 PR Qrapipyiter sealing
membefy BYORRS BosiiHclRAMiA t@pé@fv@l ro"mi%é h3282ped cfraﬁnferentlally around
di spl acenent tube 210. The coIIapS|bIe i nner nol d

the engeligd do proyldscﬁﬁeabwtﬁtbl:q qutfltrlh;ectmmé&rﬁﬂnn@p uBg Hsmeludesian inner
. Fl G
sectiof I3 Pl ne P Eg bt ok T et ety B hgpement

tube 1GRaNMBEdisPlacEdWtitibeld@eridlorp@aginyily aetevré@ln ﬂasaasdmgngaand the top
concrete or nortar conposition therein. Upp

nd
sectiop g is nositioned eenegniricaldsingrardy af theopd! mp@borbl 6ar1316l§%1é@P0t10n

136 dcﬂléi‘é?ﬁ%r&o@% 158 'h'a%ﬁ%h@ gﬁ?ndAMQémllg’ﬁ&ng@% rdi p%s@d tﬂgrgeh{ tﬁgt

osition
providesp deapeda@alenbhmezaﬁrlagdlnesSmsntlened over end 204 of
the nmetal shell, and an annular seal i ng nenber 226 can

ed t forn1 eS|r se bet ween. the e and, t he
lﬂﬂsﬂ? op Hi al?fmglb%ﬁl s agas ﬁt ﬂnte.la sestigp by ﬁé}”&@g’qﬂ?ﬁ‘%ﬂ%{n@m
rnechehhﬁﬁ 144 Q&?Eﬂlﬁﬁg Y IR tfﬁb SUhSEAS 1Bt W RIREedSBE hicoR tRf white
| apsi bl e i nher nol'd menber, forms a pouringcavity
rnerntm 8111 the cedn thaTHe wadpmeinher 18 2roviideel in dlesfoam of eastaston@ric bladder,

the atgt i B L T B B R el ik PRt §iatde b or

the liK¥E PR o Bd Gnd@stbddmibat tht SxdcR eyl andRY @&ﬁl’gurﬁidﬁl' JTéhd difichment
pressure casting process. éH 070] The top ring section

mechgngm msedatpta&e%@e e llgnerapgsdr 6 é‘hﬁled@p gicsiph aed hasqtring gee and will

I:
vary il o BERYRAR BRSRNANYoF e RER AR FE £ g M oFor
exarnlli le,nncﬂa@ex&as&labﬂhy wAlldnémiedrudess prokided it thodoA3ef 4 Fgid but
asses thrqé%n an_openi ng that extends through an

expandblﬁé AT B iarfpeodess e of thelles: thiwtachmentimeghomgmg may be
dlffer&?I q’rotrﬁﬂlogéﬁ’lre%a? (ag&lrﬁ’)ed? 1ﬁo$vgvgraﬁ1b lﬁhﬁc’%ﬁ o?hﬁ sgﬁlle by g@ﬂéra‘ﬂfy to

the concrete of nortar conposition into t
both fealitate/attBmamtch f2R8whlé frendeperes o thezatpcotive tdh secftlolnl and ring

t ube ZEF can .i ncl ude wat ertight, connection end to

membg&@éls@ 8P AE e RN Ho G SN SIS STENBES B Hraniad leakage

ofnwﬂﬁblH@éﬁhﬁ@Mb%@ﬂm&Hﬁﬂn&%b&'p'ng or the like. In an
exanpl e enbodi nent, the fill tube 232 has a dlaneter

of about 4 inches, to facilitate the punping
[0081pourlinrig cspmpleenehodimentca ©p satcend 4% oripdded ﬁodhe top ring 128 to scal

off the mold assembly. In such an example embodiment, the top seal cap 148 includes a fill
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t heret hrough. I n an exanpl e enbodi nent, the top cap

assenbly 213 and the top ring 224 are conbi ned as a
wowdodasboroget her el ement at the | ower annul ar PETgSH84/039091

[0071] The top cap assenbly 213 is nade up of an upper

ul | 231 t hat
tube @piad inph oo Al B iR iy st thridhe Sor Bl Tor
deliverPR aCRBir&SwAMRL ¥ thbZohsref| RGRSHar BEQ @s@@dtﬁﬁtcﬁt%@ta%hlb@}

annular seal s 234 and 226. The top cap assenbly is
in place bé t he use of a | ocking nmenber 238, such

[0082hs aTl@r?éﬁ)emlPlﬁdo midpstratediin KEG. 4 uged f@xfaﬁap p@CSPye dhariefpwing
rnann%rﬂ?%rl %e ALY IE 8%9% ycog%r@te orll%l?o ar @cgrtnhgﬁttloﬂ R nghl%ﬁe&lmped or
otherwliss ﬁaseebcblhaﬂ@e &ﬁ)l(ﬁd@x&t@&iﬂtch&tlbér&@lé toh dbimd&mél withgh 2¥ater

attached to the dlﬁgvacenent t ube 210. %3072] The
chambygtlaf (4 ntedsahgve & dshrens &g drgp 11 sRNCERPERCS 55t édNghove

|l t

R bt R R e R R
introdutddustar tht esbemblyF1 @B so2hat[i0GR8Ts tho wdrifaparoé thel poutdid @ncrete or

manner , .t he 200 i rated in . the foll.ow
morta AR PRSP A5 150 £ BUOTd VHED DS BRERG a7
FIG 2, the assenbly illustrated in FIG 3 permts for

[0083{ he h%e%ﬁ%o@ﬁ%’ﬂ@f the 4d3nibdy PED, PhaG Sl nRAMH PRKBA pJatdive
position prior to deliverin t he concrete or nortar

membep pysds tap stpsiomesictivsl das erethp &ye ann dhe ghscatbly enropriscopn annular
charnbe? gwﬁr l%g tHD[ Ps %[lec? qﬁgﬁ({e% Veol%_l’élé hﬁﬂ}u‘a sBch S Wgtb eA%tGhe
waterfplréskur% W the rho lh |chil@bdrh606bﬁhﬂfk@§ed&&& cﬁ@lfbdalbvéletihs KNa&:r pressure in
portion of the chapber 228.[0074] As shown in FIG

the anaﬂlﬂr 88 PR dngieasen By pssivs reachan daee mfo fhel da@tlfwﬁfr@at ﬁuhe No
e €545y e DN SR8 B g SRR Lk e
bladd¢h ec.dwater isnneomaesitde.sur f ace | evel during

pressurization, due to the outward expansion of the

10084500 TR0 b At P 5RO L e WP e Btddo = & active

membRP E’th)@s AR IRt N ash PR AU 1RE Dedid ﬁHﬁtio'?l%d Ebllldenﬁriébﬁy ardlAd tHeat
can be used as an observation tube for determning

displaggraentttifes. deélins e@b@@n@métpélosm fagideg the gencrts com&tﬁ;@@nulat

cham‘tgegélé Ircg\gl \/ %% etx 18g %rgtvs%egg 4 (i( %Rl%caeg}:eg l?gg(f 91 lpl}‘l)e 1S é)ressurlzed by

a ﬂulcﬁﬁicﬁfam{ﬁrl &d- thé g@@@ eXpafdedtielc€prrssued. ETIRY progyutiag fluid within
onposition has been delivered, the fill tube is

the Ca&tbéé%lscﬁfi@le@tﬁﬁf sk IeSUEZRH waist Bdntreriused o thedegidichamber 150 as
descrﬁ)g'([ Ql.lrqug t6 E%s%l\lg{; gést ﬁfleAﬁoﬁEre d}qﬁdt{ ?qimgrr essure. The

pressuri z e annul ar space between the
dlsplacenent tube 210 and the col |l apsible inner nold
[008Sire niBie R4t6r; praswird thetis paskteproser chstehd ameatiger mbrtatwmposition
r and enters the

col | sible i ner
in thlscea@l?qaﬂ\?m%vésﬂs %1%”3155%%%@ © PSP e SUTPg f@cewecanrbe the same as

that dERRGELA VR ForME Eﬁ%m% R8PS it @Nin FIBS, PRhEB. PIBRS WKiS pressure
operates to inpose a desired stressing pressuré on the

casting phegces, eheowatﬁlopnewrlwrt’p@ sd1tck e ot imattar goamnoitios, whish prassure is

transqtaigtpa ?%t e éxéeiaelﬁﬁ? ca[uls nﬁ S:[El? §} ﬁgg:%ﬁ 'gla_?s?%;({ %tgde ex?ernldboe gwar%gl a'desired

amount.

[0086] 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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[0076] FIG 4 illustrates another exanple assenbly 100

useful for making the PCSP in accordance with the
w@romasples noted above. Unlike the exanpl e asBenib3009/039091

illustrated in FIGS. 2 and 3, that make use of a

cal | apsi.bl inner nold, asse
mortef Fpdr kL, it AP BT HoRd QR e el A pmeler of the
concretd or nidrid} BEGRS de@edst DFhENBRISInRhPSnAlar thENbIrkS8? ofBdth 1S
capabl e of being used to both formthe inside dianeter

embogimentsenoteshihoge & thern@deaafedhhn@ﬁphe cRping thy bhidderpn @8¢ gmpodiment

and thggﬁot ri?sg %ﬁ}?@ﬁlﬁ?ﬁé %t%% ntrll‘tl)']oadﬁ&gé t? go ¥a%P !l di %g)/e 1tsg Vorn the 1H51de
diameitdtidifitia cueePesstc@omessuler, ltlﬂerélb‘y%ﬁa@hn Botnovia DOMHRE sJ-lf(Qmed
assenbly 100 nmakes use of a nmetal shell 102 and ends

PCSP1fepm ghecissayebly hdhe a&sémbb’t %\@ﬁ@&s ate tb@p@&?@&@tﬁ@@%@& ihg gesulting
PCSPth%R b@?&n@\%tdt fcb% Sor tLE%sS%Hl% rPL i @9@ %gsﬂragﬁ in FIGS.
e sane as 'sc ose ove and illTustrate
2andBl GS. 2 and 3 An annul ar base ring 108 is positioned
at the bottom of the assenbly 100 and conprises a

[0087 L? g %Er%g’aﬁﬁiﬁ%}?g’t s(:clgrrlégugf r.e ti]gl b lesl%glge({a algbove are

pressié ‘é%ﬁ’iﬁ%ﬂ% Rs Rt REd FRSBEhg gél-t%e RS Methods AREMARE e For a
seal with an inside surface of the end 106. The base

period @ﬁ@pmxsmaﬁebfcl dajesr Hnhduns |aH@Wm1|gah®ccemr%@@1t inpriaricpmpokiion to set

onfigured to acconnodate ace
and m&“*’& | Cé‘&%%tl?n “PEHE Bt CSH}B’O HEP% ‘T‘Sﬁdﬁ g)f%ﬂal)crsr?eg 4 4lyig invention
can inciud® a HRGrddurhdige of Méﬁ&ﬁﬁv@ad&t@w a%@htff@f the A 8 f @dh@bvmg
formng a seal with a menber In an exanpl e
an incaeAserbATAeRt contlmedrﬂé@qvahpémﬁmesb potiE FESP ontipesstio pwrcgiurigg and
after 1’? ﬁ?sl beeh ?geaglé*g c&% zte sg 8P£ﬂ raﬁﬁgéu rc%d‘lﬁ Hggn%enué) for curing
and d@lildg stliﬂﬁkagdithﬁt&rmm& hﬂuﬁn@tﬁe&ﬂhﬁ@ﬂ te tondréte of hﬂgab@bra and for creep

, t hreaded attachnent neans 122, The seal rln&%IS i

in the CERFTPIGOF EPT1H CRIER ézé therFOBIECHE S1TEM ApPlighe thppqnercte liner from

the stéBF d’er.a'i"%ﬁé%'orf ghéaégr(gaﬁ éda‘ih\le cah ‘ﬁe@)qg A thd fhaxithum
seal 1 ng nenber 124 e used if necessary to ensure

prestrassa@she eshcsetakboo eahdmetahsh@l wwidtive hethogresamukzetl lseredsas ¢he metal

i ng. NDV|n to the taop of the assenbly 100, a

shell st Braske CoTiE Peieeetd stis Saett | on 196 t hat 1 5

positioned over a portion of the end 104, and one or
[0088IDr ElnARNLthAplcS@MoldRfeTERBRK 9ol BOpEBIPGSIkirsIS et pedsbidcast

respectlveggﬁpoves 132 di sposed C|rcunferent|ally
abovegppimrdmetaly Wie o BX % T)hteor@ cdee of pwesshroguring thpeprespues cast process
reducd t%{é st%gl s%% 1tn H&?P&gp td 5 O?Iu 3'tar111?hll’r£§e?|o@@0l’/n8fe§MYS At this

I'S posi tione a’‘top section

point, l&ﬁpﬁeb@fce bfaCexpaasit e sjgetno il fhe cdm@ab DE elveiat cdmlhtﬁutio%&an apply
di spl acenent tube extends |ongitudinally betwe

more W@S fnde steehig offset the éoswpfr% StcBANG Ay kags d%lﬂloﬂlb%f‘é Stressing
the sté‘e‘?nﬁqp&ésﬁr‘é@ ltﬂa% g{e W?f a%fsntts hSe 'R} khl Gl nhtfa dy&? time from
1 i ncl udes ~a ving an

sect1 on groove
1n1t1alannuie®rcus<e‘é1hi allpwyehdersnciet@ todsds pltfﬁeldniﬂjhmleslﬂt thhatieel prestressing

rovid a_ desired.seal he. to r|n i nne
and thp dytprofattarhc P[OB8e [ r?ﬂle%m RIS e qg%orgttlf%’@ﬁléjo“?%nblw
the exg?gﬁsn'}eo&n%%% A8 t(bﬁle%te%l‘btteﬁpésﬁf mﬂlbéﬁﬁﬁiﬁg theBED %Qyo?l@the design
dependi ng on the type of material "that is

yield. sElneemquaIfddtrymg@hlaskagh elsaaicturmdiehthe. plp qnis tr¢reo eddrim thegiressure
castmg Iné sl%f’gsr?etp?sg wp 888%3}1% eof¥ecgs oq”fse{1 eacﬂ ther 2L tLe pipe is pressure cast.
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the attachnment nmechani smused to attach the sane to
the top section can be a signode strap or the like. It

w0 2000039924 under st ood that the exact type and/ oPCT/US2009/039091
confi guration of the attachment nechani smused to

[0089 ?1@&%@%}3@@%1\(6&%@%% ;1,15%%@@}1‘] grl% g&"r@h é)e{) lﬁgﬁ% B@rs]% ?&a aglgsu%der the
produerma% ROmPEEn® froﬁi ¢S CehRnt MRhuhstuHae ol td @Jrﬁjbén@@ce the

same. For exanple, in the event that the wal
shrinkpge du@stOping dad ciaept hearf oyampdd crabedigient, H@texeatpsam?@bntecan

mat eri al afl | a eorthellk
compIR% G o rbnit el Reoso PR REP ol P S i PhruheFysed R the
concrék lc8@gysid@s C 1t ib adbe alsBY&Id thithyloptiehd] ake Of art di@asaveagent and

is eneraII to both facilitate attachnent of the wall
the am@w%@ aréfnsale v eanand g é’é"f}i dﬁ@en@pg gBatuBhehpffagtorsgpuch as the
rnater e%{i Fﬁ %2?1 etge gﬁ dtgﬁ \%a Elgﬁ CI‘l{ Egtan%%féﬁnﬁ?ﬁe @'ﬂgmeters,
andthetelné{useap{fhcm‘loﬁ he wal | rrenber [0081] In an exanpl e

enbodi nent, a top seal cap 148 is welded to the top

ing 128 to seal qoff th m)ld assenbl.
10090, 206 <aBBl GRS Imhe e S B AT SSHp Y3 1d AP GRS LS during
cure. f"['h'e lifiHBE rE AR s SROWNth Rohid?ete 28 RENRIdcEd bH&rE Jusitkab® oG
t hat 'extends through the cap 148 for delivering a

concr@te,sdrls'@@ shohlage obfhet d@@cmmduse@reemm the cenprete bmrcas;ldtst@@hplpe

s K05y RE B KOO eSBERP A FBebirbet

reachdBRARSut réNGENE all @Rl FredroyOp el (ﬁfto tHee o8N 181cE af cither placing
nortar conposition is poured, nped or ot herw se

the cogelere/lincs ety fansiopes infsIdyciaavha BpSélbﬂéh ghbdeletemgug gnglar gap
v SRl 100 T iy SARRDEY M o s

tensiodllifi tHeGopt@ &S bé@ptablnd el cntie comurete ahé stoel pips sugh af AIWWA
source is sealed off, E eisurl zed water_is introduced

C300 pipcobytiracess seap iy thegtrel sheflmst be ayQyded sThagonstsi iacs caypld be
I
e e o T a0 i L 86 R R RE Boncrbk e in
tensioh 2Brinf 0p83{ion. NAD o€ thenboatiamrere possitheambmeyrbt gesh@dle fohspecific
.wal | nmenber 116 is a passive nenber such as an
applicafia oneri ¢ bl adder or the |ike and the assenbly
conprises an annul ar chanber or cavity 152 that is

[00911 i1 1 Rch pefehcd cABsHIRE, IR s0TRrcE off hbttsl 1HIE R 1S et $Emall
the water pressure in the nold chanber 150 is

prestrmcfmaﬁ@cstqeb clingdes atrapgratiag ressurpeonfhe steclpydisdariecingnded a
very | dﬁ‘?e&[%ﬁ&{ln% ocx%"thé }*rg%g%ﬁae%g%gﬁ}%ec%ngr%tepoﬁb%édr}éag lc&gaa? Bé&rg‘[mg

pressi@¥r Tidslaliowd ditheal bwasletdedign sk in tIhB stebi @p@ﬂﬂﬁﬁhsﬁ& ifdr resisting
since the fluid in the bladder, i

internplyrgisgrce 8l the linep ordidi ﬁ%nhh@kﬁgﬁum%b%ﬁ%w%?o iepjgt the buried
carth gﬁ&.ﬁﬂl‘ﬂg ¥g%199%er glf' vxy@éﬂt Ffﬁ@@ burtoF ekFarRe %gEﬂt\fg%dﬁ%gt?g behieve

ass pipe t at has been Sitl
the preferteé Rtbd dmielnywait depredd bh¢hadiasigeressard, theuhreep ihctotm the
dinment, priar to casting the concrete
St i etees

shrinkggp Eacaqrs B e Tesd WA csfse alpsetTﬁe éﬁl iieﬁen of the pipe

1ncludéh %80@&%91% Rty ih s B i ge t ﬁlﬁoﬂ&' 08, bSthP UBRSHEHZRI DY réversible
such as water, "and the pipe is expanded under

when pheasswseflmﬂihéwphe@é@rrand @hef ¢aumicebtaniingds |1malt0rwddaw¢aby’0rh sixe lost
water:dﬁfi%ge ?}lﬁlgnd%‘rgf Pﬁs E%gv?%glﬁge F;’_é L Igé&crete car? {)e usedI ars“pgug lflﬁle net

prestressing of the concrete liner, including all the various losses and gains associated with
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descri bed above to pressure cast the concrete or
nmortar liner. [0085] The water pressure that is used

WO 000png®s34ir e cast the concrete or nortar conpoBCT/USIV09/0839091
this enbodi nent as well as the duration of the

re cast roces can .be. t he same
the infjaE R hE B AN Are B DR 14 TP RIATesY the;conerete from
the ex hﬁ%%e docfluihe Redchng tHhit &l REE S Re GRS UNAS PERERE Joad.
he water pressuri zes the concrete or nortar

conposition, which pressure is transnmtted to the
[0092fpt oA festhericiof PSSRF Bepstiyeted frethc masnpenajed ghpyeds thathey comprisc a

coner P ARBLITALY S8 AR e CORPOl U e
meetsphzfts;sm'eﬁtlw\prbhided bheoay, @Ielﬁibwdd&bndfé& dcl cyahﬁasp@e, and
causi ng the nmetal shell to contract on_ the _cured

conveatppallyidesigperomprpr Inedetechping: 18- 91 thepréer ot e8wpires Ewigher, such

PCSP§ th)ﬁéeodqmeﬁpgle?IQHﬁ'prﬂeg e c'oﬁéﬂef%%n@lr ﬁf"a:,eﬁcﬁﬁl%rgise& G&Ildltl%n and
concrete or nortar l'iner to decrease l'urd I'n

that dagsrsolimn mﬂmmb@at 1§ B rofobnst dmdermbpniinm slsidnmfaekﬁrea'{ahmecompared

en r ased there S|n t he bl adder, i n on

to PCé S 31, ¢ CONGSIOR @n% L‘E?g]‘ genﬁ & WIeS ngU(‘ﬁhﬁ]‘e fthe rnetal shell can
be ca§iyROGHBAN 4 Qut‘ﬁ@l@tpb%tlerzi‘ﬁﬁi‘eﬁaﬂ 8e tHelIklthatfig @éfi‘aBlB%fbfb%cﬁﬁg a

dianeter of the cured concrete or nortar |iner,
desirefldlegrsbp éw&@trlqmomm@ms@hca fiemghe frowansed SIS ¢faogarrosive

. the assenpl asse enment.s

envirqifeaf 3B TRl iR B3 ERtior o TR L B sty ramirastby
welded @atohidp etk IaROVIRUPE cdielcassamal bt igsHai R Rhsut havmg to remove

illustrated in FIGS. 2 and 3. [0087] Gener al
the pigpEa ssgyicorndioy viest hqyem%@ rlemowﬂlemm%@mdfé%ﬂp% Kgation.

above are pressure cast using the assenblies and
cc P -
003 B S R e o TR oA S PRV B prea i e
singletdoap afmnessmteen@idmgpwha‘e tlomamm&tet fioom ig formed iresidh as the prestressing
e or nortar conpositions

initiall re
force fsJmmpopsd qyns? ﬁa 615 @SFW@HY PBFTates i Placq thggongrete ina

compfég@drc%qdﬁaﬁ UREreB o RI1diRE PRIMGHIY ‘§te@99§sﬁl‘t1‘{1§ iPfave@&fte dnB'abor. Still
t he purpose of achieving an increased and/ or conti nued

furtheanR{iits Qohstpme@it 1nébfsmam1qr hetcP@SRAg cotdrias tlespressutng exedium above
fter s be ressure cast.. The use, of
avoid i s ey oBb LA b A Y oB HRRE rip SO SR
scrappbdyjaitd loshb RKAGM LIRS O GMA Sediidéd ﬁﬁnﬁfﬁ@tuﬁﬂ% effRfentie
concrete or nortar core and for creep in the concrete
or nortar caused by the conpressive stress applied to

[0094] he THhbrdee PGSRe constiyhicd gecasding o pymgiplgept thfrhl@vea@@n povide a
pipe shjﬂgtu%(t’ﬂgpﬁ WY s@l@lfjdutri &ec aﬁ%rbﬁldﬁngtgﬂa{ﬂahmﬂg
i mum prestress on theconcrete core and netal
mortaf hheﬁ sty pipe, thle@qw 1e ss tﬂlbxlbm:thstt stdBsg, iwoddbe ormeial sugipetth inside
.dur.i ng the press ting process. and cur.ing gta ges
the plP@OSBrg]e £ toalﬁre*ée;pé pépee BEXREEVC efqnlgagp llagsing and or bBreaking the
liner. PARShRkE 1@y %ﬁ'tﬁ@&grﬁp&ﬁl&f a%?ﬁb’& & Hi@%ihe@PM She steel associated
approxi mately 90% of SMYS. e rel ease of pressure
with tHePCRY ndkes thegsmuvesy oalsist ﬁor teepertrapd bues wﬁwustleestulhng, which
%¥ in the PCSP to,a val ue substanti al |l mQ%O%)I.
provi T IRUCER PPIPET WPCT FHBPPF L REH O 0@%&%@} gteel pipe.
The c§@f1dhs {nréséﬂ'ﬂ&i SRE PRIVEIOIn SRR conPIPIASH bf BB pHRIIARRSYOf
nore stress to the steel to offset the | osses from
conveptierah stealdpiBhF¢raksaryessug aabloteel piper st r essi ng

nal ﬁoer}clrete
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the steel. It is desired that the expansive agents

used for this purpose have a delay tine frominitia
w@ooengtes cure that allows the concrete to setPCT/US2009/039091

sufficiently to resist the steel prestressing and then

ft d t h
10095) £ 0L o giee e RR g sbegr B S renRling oef Bhers e
asser@®HES ol ‘Pna'kh% tfié She, ra&&ﬁaﬁlg% thet gr e iplestoR kg gwtemmﬁ\tvﬁpﬂ)e apparent

beyond t he design The creep and dry

to thoswhllrhﬁtdagéh@m oltas éh,ﬂrefafet, & ba wslepitql that Wlélmvl@dwf)pmﬁ the

appenfifcg glglrn?ss W IEYeCn %%Irr]ﬁ] A mé)lrgc%%cF(g Pﬁ]t%ﬁig% han 0 as g&%f:fécgg& ﬁgscrlbed.
cast.[0089] Sui t abl e expansi ve agents useful for this
pur pose include those avail abl e under the product nane
Konmponent from CTS Cenent Manufacturing Corp, to
conpensate the shrinkage due to drying and creep. In
an exanpl e enbodi nent, the expansive agent can
conprise up to about 15 or 20 percent by weight of the
cenent conponent used in the concrete conposition. It
is to be understood that any optional use of an
expansi ve agent and the anobunt of any such use can and
wi |l vary depending on a nunber of factors such as the
materials used to formthe pipe, the engineering
design criteria and performance paraneters, and the
end-use application. [0090] In an exanpl e enbodi nent,
the casting pressure is set to 90% of SMYS during
cure. The initial prestressing of the concrete core is
reduced by cure shrinkage of the concrete, drying
shrinkage of the concrete plus creep in the concrete
i ner and steel pipe. These | osses are such that the
full design stress possible for the steel cylinder
cannot be reached without renmoving all the prestress
pl aced onto the concrete liner and e ither placing the
concrete liner into tension or introducing the
possibility of a deleterious annul ar gap between the
concrete liner and steel pipe during operation. Note
that small annular gaps or tension in the concrete is
acceptabl e and proven in concrete and steel pipe such
as AWM C300 pipe, but excess strain in the stee
shel | nust be avoi ded. The concrete |iner could be
anchored to the steel pipe to prevent this annul ar
gap, thus placing the concrete liner in tension during
operation. Al of these variants are possible and may
be desirable for specific applications. [0091] In a
preferred enbodi nent, the concrete or nortar liner is
under very small prestress fromthe steel cylinder at
operating pressures or the steel cylinder is expanded
a very limted anount above the free dianeter of the
concrete or nortar core at operating pressures. This
allows all the allowable design stress in the stee
pi pe to be used for resisting internal pressure, while
the liner and adjacent backfill support can be used to
resist the buried earth | oads plus pipe and water
wei ght. The anount of expansive agent required to
achi eve the preferred enbodinent will depend on the
casting pressure, the creep factors, the shrinkage
factors and the desired operating stress in the stee
pi pe. The full design of the pipe
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i ncl udes recoverabl e drying shrinkage. About 70% of
the drying shrinkage is reversible when the pipe is
wo bamode7wni th water and the concrete liner is pdT/o8d9/039091
to reabsorb the |l ost water during drying. This
Wh “Due Lng of the concrete can be used as part of the
mﬂéfaﬂpg % essing of the concrete liner, including al
the various | osses and gains associ at ed wi t ht he
initiala srR%utOGsPIRISWeepipt RemPFrivihgg and cure
shri nkage, the expansion of the concrete fromthe
exp aﬁ@tlwoagr@tﬂ orgheréariliner raeg anqnyifedigmstar ofHg pipe;
c tained | oad. [0092] A feature
8%%%§s§dcéﬁ§ ruggqé ﬁﬁgthe manner noted above is that
t higredotherlingeisdn d@eg rcohtactorithmd indide lwallesurfabad f ths metal shell, and
capahl e of providing a degree of corrosiagn reS|stance
whergidhe IipgisPlacrain ¢ gie @rftCPVPEﬁS%}QP brdhagpetplgoll. 1 ei nf or ced
concrete steel cylinder pipe, and conventionally
desi gngglc ARct3 ﬁredlt'eﬁl &flcaing ? Ly R theGati@of the Qvatllhtﬁlcﬁﬁé%@ between
of 50 years. Further, such PCSPs conprise a netal
the lirzhehd themadtalpheld tssmttlhﬁeraugm@ff fea abowte. 1 fon@al.conpr essed
condition, and that does so in a manner that IS nore

tr gbgwg gip_%%ts r crﬁg%(ril t%hzélgtgti? wgtﬁeé% r{gtrug? ;Llﬁ zlotggﬁness between

the lire€ BSd R irRGalWhE e &. mlﬁwﬂahgofﬁrdnﬁ abBitalo: sfeedo:1.can be easi
ly coated with a suitable polynmer material or the like

that is_capable of providing a . desired degree of
ditel ectlhf nsrsredierd dhelreail stherin thervp hirknesned theegetal shell is

t Iy
inhe GRS 550 SRR, Y9I BTERY o RO vy e
rmgeméﬁanrﬁwubySWEﬂdawhnatch or the I|ike, should a

corroded section be ide ntified, without having to

renove i pe fr erv and/ or .wi t hout . havi

' Srove THRaR B Eecifof FIRG b i opSRat A copabe ity
materfal Bisp&ed a%ﬁ@aﬁ ouRRL Jubat sl the nichg sRANner not ed above

can be formed in a single step of pressure nolding,

where the concrete liner is forned in situ as the

pbest r d98iing ap srcdied i clrim derainths conercipelingr isshmgd in situ
wiie e BUPSFRHEDH) FoBRECHER LY AYIREHAPIEAIPEEL OBy
the lirfee iitﬂd) histage (bfrboimﬁf@@lohlwmnammh@ bocureShnd the prgstire s released.

PCSPs constructed in the manner noted using water as

the pressuring nedi ?ove avoi.d the possibility of
pUnp f &1 PIGHUTTest Fydiste! piPe SePTiMgE pr ocess that coul d

r a8 ghﬁutt&oﬁcé%&mrmtt formBplanTRGGL H@cAR @fth%gn%
cost and reduced manufacturing efficiency.
Stinhdtalfsheli herqunB@8PEe bonsind hevied aacdighwkngps 106 about 0.06to .75
o ch )ri nci ples of the invention provide a pipe structure
MM hat is very stiff during transport and installation.
I ravh@feﬁwatatun@mds aC@ﬂPﬂﬁék%eﬁthtaﬁ abduted (S 5@amePtHeof thB8hell wall
ipe is so flexible that stulling, wooden or netal
thlckns‘sqo pderain thﬁtshnéélstlh élrmtp@ntaptswmle@mmld@ ovalrsayieer oft the metal shell,

r S
and R R AT BARELI S PR PRI ARl
conpreSS|on applled to the liner fromthe stee
agsoci &t mdthod tfdr milenPCHlessmk esst lihed ped@ipossoynprBbigshe steps of:
for transport and burial w thout the stulling, [

g@lcg
pABYYABE 2oy ofURE Pkt CONSERIE BHMENHeOSWONNER 1B Hiaeld dornepd between
a metFQHYIE QlBh% BRbuGRR Qﬁ(ﬁ'ﬁ&eﬂ dnﬁ%qnésta%?é cotd H%mbgpa@loﬁg H@Ms{a@%lameter,

present ed above provide an exanpl e conpari son” of

pispgesngfthmesspwitiondnwemtssareddres te etpapd pe meahﬂtsll

pressure cast steel pipe.[0095] O her nodifications

and vari ations of PCSP constructions, and nethods and
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assenblies for making the same, according to the
principles of this invention will be apparent to those

wekioblig®74 n the art. It is, therefore, to be updEUS1009039091
that within the scope of the appended clains this

|nvent|o d oth rwi se than
%a}sfl}gctﬁ? PV%%%E“E %éf’ 3@%‘601%0%? TPEPREY ﬁoglposﬁlon jas achieved a
degre@ be&RY kRPN contREMSh&elr [RkR %vlﬁ%ﬁ’fﬁe%'tdﬂ)@bfr@l@aﬁ[‘%‘éﬂu@és the
concrete or nortar liner forming an inside di er of
metaltshell {oi ipwosea permpiessitreforcesante ﬁwd@ﬁhgalldhe l'iner; vvher ei n
O P B Donl ety FomBRT O g "haids BB e
placed in a state of conpreSS|on by the net al sheII
29. The Tt petiagl dasecditeddn chairg Bavterdin Weeste 6f subrctigd ih@ coficrete or
the wal |l thickness between the |iner and the neta
mortag RIPPOSILON ] aHESSHERTRECCARVOr Y3 1 BISBHAS SSurtage 86the foncsfefmé mortar
Lisdi frjgcl aim 1 wherein the ratio of the
Compgéﬁﬁl %ﬂ%ﬁ%@ss eP%een the liner and the netal shell
is in the range of fromabout 10:1 to 50:1. 4. The
pilpe adhe ewthoghsirecicdan pdaiim Rivereedin thehwessatized fiid knestsr.
of the netal shell is in the range of fron1about O 06
t |nc and, the wa i ckness of .t he
ﬁlt he PEAGY Oéifasfr FOIRtdD 8‘&{“1% “She{ R n'%? PREPhs Cor%m gris
prowcwdriﬁ tidsfora ®if b dlabtonetidinBrdbet Ur t her conprising a
coating of dielectric material disposed along an

out si de surface of the netal shell. 6. The pipe as
r d&i t ed hp Fethogh anreciter di ghem S e éheéeevahl%@re gmber is

=Tl d concrete or nortar
prowée(a ] nposi ﬁoﬂg?fgﬁgl% b?eﬁ ;{H&ﬂﬂ IS pressurized to
place the liner into a state of conpressi on when the
| ilder iThe a:rwtlmdl andcitelden p}a'es§uzvleer¢is theahewabdaicory meAnber is

o QSRS B bbb PG % BB S SRaRL Al e

liner 4nd@oRIrR& to ﬁerﬁﬁtt oSl flthS &drk @ﬂ&%r@@uﬁer@sﬂlﬂ@ er and
having a wall thickness of about 0.06 to 5 inches;

wherein the liner has a wall thickness that is about

104t o Sbhametbad phepeitest intadmshwhereigethe movhlplk serpgmember is

. ' Liner t contact with an inside
pnnm%%ﬁf%%ﬁ@ aggalﬁgh tIléﬁﬂh%t(%mﬁ)gll and wherein the |iner

is placed in a state of conpression by the netal

shél | . T8e nAthvett dsaecifedrin biakn ﬁgwla:rqa'n ﬂ&smoea‘tﬂm&rtre Imcnebdr is

st eel pe conprising the st eliverin
Selectefi,!e*awetﬁegm&p@ Rt il Gonshig of gqr’fqdofﬁsmrs’?n? Blafi Ripe,
andcgﬁsﬂggngeﬁ%@ﬁm a netal shell along an outside dianeter

and a novabl e core nenber along an inside dianeter;

subj ecting the conposition to a pressure force to

ex pan d Thia encthstdzds rediesidlin ﬁlelre §swh®gem it q@m@@mren¢1©ar@emp081tlon
1nclucf’j‘ S 41 raﬁ%ag(selgg %%ejnt ghag 8v1tfh HD éslh glrrcg) ’?rlb(]jl}es et} %r?lg(?s%ca, clg?g}presswe
force wWhxQItBd indrhe step of reIeaS|ng causes the netal shel

to inpose a conpression force onto the liner; and

17.  The method as recited in claim 8 wherein the mold comprises an annular

chamber that is oriented vertically.

18. A pressure cast lined steel pipe made according to the method recited in claim
& wherein the concrete or mortar liner is in direct contact with an inside wall surface of the

metal shell.
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renovi ng the novabl e core nenber from an inside

di aneter of the liner. 9. The nethod as recited in
w@eb@vms®7nwherein the step of subjecting the coprCT/@E®OD039091

nortar conposition to a pressure force involves

sypj ecting a sur f the c ncrete. or rt o )
oo oot PSS! BREEH G aoR G rfing o TR dhodtsgtegtin claim
8 wher @8 ttedntRtCorahdtad MBERA wi D idknBSSHA ig 86buk 10k&150 mes the
water. 11. The nethod as recited in claim8 wherein
wall thigknasp o fithicstegbhellnenber is provided in the formof an
el astoneric nenber. 12. The nethod as recited in claim

e L, TR IR T R,

r eccyhﬁdldahmeiaaslmll&ie\ﬁh&rge;nmméiq)oﬁmnamtlee pipe.e menber | s
provided in the formof a cylindrical rigid structure

t BReSCRAMBRANSERBlY seRRscted Bitha Opiom pertimentithemetab sl
C ure
AR AERbE LRI CRITHA il LB REBbR P Hho L FER T ©
t Iae imey aldEmember praitvacd canantmmaldi;edm’ramdly loé tlfeanastamheh,

h stren eel tube. d as r C|te
BT e Brnorme heivgon B oetd hel e M wbiGup e o
accorﬁrﬁ@d&ﬁlgﬁ VBP0 ©f cdiRERE brathSrt£QRBIpDLDS | t&frem and
fiber-reinforced resin pipe, plastic pi and

c @mbmh@tr |11@r®lut:1he adbfd pressurizing m@tlhmdntast ¢ m@id and anto a surface of

oncrete or co it

the oyt BhRaniln B GRS R ST Rla FEMRERs I hlepsn:
C QheFdib tHe@Bndr ond 1BR S cAd RARRY @S UvEbk Qﬁl@@th@ Rbfpbbition has
liner. 17. The nmethod as recited in claim8 wherein

reachgdhedergneinebdgereseiscush annul ar chanber that is oriented
vertically. 18. A pressure cast |lined steel pipe nmade
aggor dirfg 8{'6@51&9 %aﬁ%s@ﬂl"gl}r e?sctje& dlh Uafih B R %Qeﬂlﬂdt he
concrete nmortar 11 ner Irect contact wt

pressurizdigi@cdvaihl is satdrace of the netal shel I . 19. A pressure
cast lined steel pipe nmade according to the nethod

ol h LA B erR D e e B
displabéiiBi thhterhiel boilﬂé&l&%ﬁ&nﬂﬁcaﬂlg%@&ﬁ%) of3h€lnher AB1d ember.

pressure cast assenbly f ing a’lined steel pipe
conprising: a cylindrical nmetal shell defining an

odBer o DrreFadt hesepbpeas racifrgsn clgnBOrvhspen ag ey
pressﬁ%%@%gmvﬁ HRP B%lfh%maﬁ? gﬂﬁul%rhal% fﬁ.ahl?l?o 3rﬁled%lgﬁwéoe}]1 t%i‘

connec op por
dlsplabélﬁeﬂfeﬁlasl anﬂhﬁd: inneﬁﬁoldn:ﬁerhbem)l d nenber positioned
concentrically inwardly of the netal shell; an annul ar

anber forned between the net al | | i.nner nol d
ngﬁber Thg pressure cast assernbiy as recne% mc a?rn 23 wnhereln 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.

25.  The pressure cast assembly as recited in claim 20 further comprising sealing
means to contain the concrete or mortar composition within the annular chamber during a

pressurizing operation using the fluid pressurizing medium.

26.  The pressure cast assembly as recited in claim 20 wherein the top member

includes a top ring positioned over an end of the metal shell.
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accommodating a volunme of a concrete or nortar
conposition therein; and neans for introducing a fluid

w@e@sAaswrLi ng nediuminto the nold and onto a BCT/{U/8m69/039091
of the concrete or nortar conposition to cause the

c osition to exp and e net rein

Or O 8Poitn 61 ArrbDer TR TR Bi26 YREEh DS of th
concr@t%pﬁﬁ)waf AR iINERENE beRg %%s@ﬁﬂiﬂeﬁ@ﬂdﬁf&%@ ab&¥fe a(ﬁlb'hﬁ of he

The pressure cast assenbly as recited in claim20

Hwﬁﬂwh@l%ﬂdﬂsphéﬂﬁmqmWwﬂpﬁ@§§QPW§@ng mediumis water. 22.

The pressure cast assenbly as recited in claim20

fygt he |.Si

oSt 11 OEARSHIE AP s RP AT iR 0 cih e apgplgr chamber
is origiestoesticaly. The pressure cast assenbly as recited in

cIain120 wherein the fluid pressurizing nmediumis

i.Spos within an annular fluid c r forme

é? ﬁﬂ? RESSEHTS ﬁﬁ%e%sﬁgﬁﬂy PsUBeitedn Crarlfreﬁzsﬁ#&re%hwdmmr mold
membeE Yﬁbﬁﬁ%ld 21indtRE1 RERBSULR ifpBSp o%ﬁl@ﬂ@{dﬂlﬁﬁ e&§é§ itf@drd Rovably

claim?23 wherein the pressure of the f

contrgiled ¢s tadiuzé thg meabean dhansetappr oxi mat el y the sarre at the
surface of the concrete or nortar conposition as

calt adbeRetyme®) aertbly FRERE 5P hN BT 1R hfer mold

membeP (i Sdstgn&eahtmpern®ans to contain the concrete or
nmortar conposition Wi thin the annular chanber during a

pressur|2|ng operation_using the fluid pressurlz ng
m8di umThe presse cst assstbly as48¢itedlda slpny2Oeher g theggngrmold
[ gl

rnernb(pélcrJ gsi aﬁl%n eghg({}rgc'raprg%ﬂl%eg AR éﬁ'ﬁ@ﬁémd 2{1]1]8 Cgﬁ@i?‘it % Zsi)ﬂﬁﬁillg Bfount to

permipfoesiingy the tiasit an&issleaﬂmﬂlg/thaémelemeteeﬁ«brﬂ. n claim26 wherein
surface of the concrete or nortar conposition before
bei ng pressurized is disposed above an end of the
nmetal shell and is positioned within the top ring. 28.
The pressure cast assenbly as recited in claim20
wherein the annul ar chanber is oriented vertically.
29. The pressure cast assenbly as recited in claim20
wherein the inner nold nmenber is a rigid cylindrica
menber havi ng opposed | ongi tudi nal edges that are
nmovably controlled to reduce the nenber dianeter. 30.
The pressure cast assenbly as recited in claim20
wherein the inner nold nmenber is an el astoneric
menber. 31. The pressure cast assenbly as recited in
claim 20 wherein the inner nold nenber is a rigid
cylindrical nenber that can expand and contract a
sufficient amunt to permt formng the liner and
rel easing the liner therefrom
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