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steel pipes that can be designed having a higher strain to failure. However, no currently
available polymer coating can be guaranteed or expected to last 50 years in water service
without some form of periodic maintenance, typically at approximately 15 year intervals. It
is not practical to take such coated steel water pipes, e.g., when used as a water main or the
like, out of service to sandblast and recoat the lining every 15 or so years for maintenance

purposes.

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

thickness due to internal pressure, requires a greater thickness due to handling, shipping and
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[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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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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formation. The assembly further comprises a means for introducing a fluid pressurizing
medium, such as water, into the mold and onto a surface of the concrete or mortar

composition to cause the composition to expand the metal shell.

[0013] Pressure cast lined steel pipes of this invention provide a desired level of pipe
stiffness and internal corrosion resistance that matches the typical minimum 50 year service
life offered by conventional PCCP or concrete lined steel pipe. Further, such pipes 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
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and/or performance criteria called for by a partlcular end use application, as described in

greater detail below.

[0020] A feature of such PCSP constructions is that they are made according to one or
more different pressure casting techniques that provide for the formation of the concrete or
mortar liner in situ during the process of prestressing the surrounding metal shell and
resulting pipe construction, thereby avoiding multiple steps, ¢.g., involving separately
forming a precast concrete or mortar liner that is combined with a metal outer pipe shell for
subsequent stress inducing treatment. As used herein, the term “in situ” is used to refer to the

fact that a concrete or mortar composition (that is used to make the concrete or mortar liner)
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conbined with a netal outer pipe shell for
[0023] The PCSP 10 includes a bell shaped end 16 that is attached at one axial end 18 of

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

someone skilled in the art of steel pipe design.
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a lap weldrip theaficlqlj aidt cam|hawe héwa&edrt@éh gltclum%r?s%%h%gﬁoeﬁe to scal against

lAat d,
ne sk I5RIG8 1L LS koS ISRLR! AFERAAIN e v
that fivd ihkid@a Buagelrbedif(sethgddaatorthe pipo atalingk,is tohtgreldyrstood that PCSPs
roviding a desired | evel of external corr05|on
Consnb‘ﬁ@fié‘é‘fqrg‘ﬁg torpyiaciples &tl@geqtﬁ@ CAR sHNRHICHH! ugh ABigH yersions.
interference fromnearby pipelines and transit

[OOZSEyStIQH@thqu@QuFer@f tBd PESP WSk thd cdiktr&e by B rtaf 1ilirAg WP in a
ave much lower yield stress than the prestressing

desireglistate ahebnihessehoprorte mcmentedsh@mwptﬁd Ipire in@n application

dr oge nbrittle der cathodic ...
destingtg, S bsFETe phscibg MefHssto el B SEHC0EEithip the eround, by
operafi®NSf the Gic@d sRAE PT Siting di@ctdf b ticln®s Bf antdkbspleneneiidi@nt, the
generally conmprising a cylindrical netal or stee

rnetal@h@l 12 isstrsisag a desipnsl dseracaipkiag theoproerss oS eastinginigs pauring and
curm%gl?eielmelr '12% %ndétn];l&r ﬁ%}%{h% mngr gfc c{nee‘a ﬁ%%glgetd sta% of cornpressmn

to meStan@sBitred p@abbﬁomdnbe Bri@fia, eng.L d)emébt arpatt@ula@fend h& @ipehbdltlon.
12, and in an exanple enbodinment is in direct contact

ith_the. shel h f
10026]'r; ePbedickoes st Pl sphicn o PASEY pock t%@?ﬁ%ed?pﬁ?@ng on the
partlc{llap ﬁéslgrgperfd?ﬁlaﬁ&eérherla{ Q2R3 endhRe E@Baﬁ@n ' ﬂ%‘eﬂgglsfegture of the

bel ped end 16 that 1s attached at one "axial end
PCSP18that theltkickigseoflhe ated] shell pi goth RSs thhatha of aremchieehad steel pipe

. th it d th 0.1
(- Rl Ep GRB A PGS mBLAET EaS R o TREA R Orfaptier siel
shell With a\WhitldrNinth| H@htk of E&ﬁﬁ@ss@&ﬁa%@vs@ﬁe R T8 rddiol ehat aRthot

i ncl udes one or nore annul ar grooves 22 di sposed
othergise possflde withicanyaptiphd stegt pinpdvhipawvozldehaye tdq gueledetibility to
cCO a
resist ghegn gg’?ﬁ;g ér}g'iol\%g]][glll%{o'gﬂg(ﬁf? ﬁ{égés Al h reﬁ) Faﬂr%ts Eg“ggﬁ{r’ﬁr%e? steel shell can
now Herdevigael @sisiehigh@dickiga Kﬁéésgﬁthoﬁedéletlaﬁél\iﬁf:‘&ackmg the concrete or

mortar liner at operating pressure. The use of a steel shell as contrasted to the use of
tensioning or prestressing wires in a PCCP places the liner in a desired state of compression
with a much more robust structure that can be made more resistant to exterior corrosion and
that provides a failure mechanism that is more predictable than the tensioning or prestressing

wires.

[0027] For example, when the tensioning or prestressing wires used in conventional
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



adj acent pipe ends. The bell and spigot ends 16 and 20
can be configured the sane or simlar to those used

wowndla/1is®myvent i onal steel pipe, and are attachepCcT/osmoge39091
of the netal shell by appropriate wel d techni que. The

broke %é]lrorlll grrvs%psﬁré if; 181:111];]?02%6]} Hﬂ? [?Jgénpﬁ)g é%in? %gﬁﬁd PCSP of this

mvenﬁ@fm%rbt f2a00R! médhﬁﬁlkml%%blﬁg Gliut 38 stteaqﬁﬁe lﬂ%' B élﬁh[ﬁ?&lzed by a
bell and spigot ends or ot di fferent confi gured

graduglngakagp throughethd istegl q@leléuthat én@ls Imt pesultan a Is'aigiewécb&s 0 gompresswn to

the o< P Bl B¢ B ROl Preicin g B ofan

extertﬁ'lﬁﬁtdﬂ?&t’cﬁlﬁr{IﬁQﬂ’qé]bthildhﬁg@fbcés@anp' e embodi ment of the
PCSP illustrated in FIG 1 is shown with specific

ypes of ends, it is to be understood.that PCSPs. of
[0028d hi SPESRATpEHtechircprlineioMTiBGIEs o As iycRiqT eqnaise a concrete
or mot4Pfifer Of _c@ﬂ%daﬁ a3ufdldf %ﬁgfa%%llggtegﬁ%bhc‘ﬂl@feleﬁﬂfg thieknesses of
application. or exanp can have | ol nt
the lirrer nythe (hell tdnevatpdepcodingloa thetdgisrdng deder crasris tboture of the
t can be can be .butt |ded in the field, or it
mater Gy {6 U3 s 5 cBwired neglogmAEe preberiRe: Jb BB FkgmTe ciggpdimen,

the rafi@bf thelIRBr Wehdal dhefl RRIFthRLbss @n b inGBO raﬁl@g 8f RomWMERLS: 1 to
bell, including a sealing groove to seal "agai nst the

80:1 gmcbmefepatpg gbe rorge edmrohnateun 10:¢ |t(|) 80:1s ﬂ' hg oypigpl swength range for

t .roll.ed the t hat i.s
the hn[(e gv lgg gr M&g&g 8@{)1 % %(gé\@g%s W fe\r%%e% r%%gev%l t% lingr, from about
500 phisto 6DODHSHRBET th %anhf}ﬂbssﬁ@ﬁﬁ’%dﬁ@&ﬁid 64 &l @6 @@és@ loRGhe outer
to principles of this invention can co rlse al |l such
steel pipg wdavterlyitepsicripd oot coapeetisor nosiat cete. dhe ﬂﬂ@wmﬁe&@ stress
r r
on th Gﬁ@etl sflé(]? ({H%Elg% fofll ab:gg{s isé‘g%d fonﬁ OO%Apsi e pﬁéan?geh%eorﬂ t'ﬂg ?equlred
pressarh Catm(gl”ﬁmﬂ eheeyzie]pl qcfehe ﬂeamsapplth@aﬁtmo@edﬂ gldli. nati on, e
, before the pipe is transported and buried sone
n the ground, b ation of the netal
l0029§ hel Eerffzal c&pﬁﬂan%nl?lééﬁlgﬁddﬁatttﬁ%fmqrﬁé core|hy apRrozkazplyel 0 to 50
times @IMQ‘H{H@S@ bf tﬂer}ﬁetﬂﬁsth@h R %hlexéi%ple Sthe tc&ﬁﬁﬁﬁc@l Receselfdn initially
degree during the process of casting] i.e., pouring
be stressedl ourbioniy}2,@0kpdi when udderipnessunraiheris pyiac thegeuttest ddsigerstress

or e 08 A S T B e o POPREP A 2 s
BecaR@kleb Crép@ber@iide Lth&aﬁ‘oﬁﬁﬁkhﬂ%bbﬂﬁr the Qb ledlibRg it wkIDBS&ness of
of the shell and liner for PCSPs can and wll vary

the stepbpempenegt orhalfhfer gwrRGdltcarcsends i gwyspatinlvarmgs e raw material
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

[0030] The reduction in diameter of the liner, core or inner pipe after releasing the casting

Ccosts.

pressure during formation of the PCSP will depend on the thickness and modulus of the core,
the thickness of the metal shell or steel pipe and the amount of stress in the steel while under
the casting pressure. A force balance is set up between the steel cylinder and the core (i.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.



(i.e., not conprising a concrete |iner under

conpression). The conbination of a thinner steel shel
wowdoa/1399thi cker liner in a state of conpressi oPCBUSINS039091

the use of D/t ratios that are not otherw se possible

wi th conventional steel pipe, which would have too

much flexibility to resist the handling and

i nner - sERRTINGIEG s 50, RUSaSUre casl Shgel idine
Thg%%nﬂacté ot b Piir g oS Mg 2 bl ol vy e
gd i Al gw  oaE 8 ML B DR d5eSBt poe i

ng or Bres?re55|ng wires in a PCCP places the

Wfleh %%rés@ur@mqg\\% ire& gulﬁxgﬁ 8 € 101$ Ry

et Rl A

e {

qnechanlsﬁlgﬁatyﬁs ﬁ&?gﬁpredlcté@IgM% (mﬁ 3n5|on|ng
or prestre33|ng wires. [0027] For exanple, when the
FeprétipntRgoeh prestoessierigitngtes used | n Bpmiseni i onal
PCCP fail due to exterior corrosion the result can be
a sudden Ioss of conpressive force on the concrete
PPeREr e LRI Colsled Ysreise a sudden fai | ur efaftion@e pi pe.
Further, the repair ofbroken tensioning wires is

di ffi rformwhile the pipe is in the ground.
Eﬂééﬁm“#p?HmabﬁﬁbeHmmmn:ﬁé@wacfa|Iure mec hEiteRs™)

resenbling that of steel pipe, i .e., one

sehak &éﬁgz YncBa Bk ‘ kage through the stee
sheﬁﬁﬁﬁﬁ%t doeg ﬁgtgﬁgggﬁ#e+ﬁ?a sudden | oss of
conpression to the concrete or nortar liner, and one
srhafsean ! daserdie@chnéye repaired in the field by the use
of an external netal patch or the |ike by wel ding

process, Qp28] PCSPs constructed according to
cQ%MP&hpﬁéL 8E% nhi's i nvention conpri se a c&g?kgﬁg or

ar llcagreeor core and a surroundi ng net ell or
steel pipe. The relative thicknesses of the liner to
he shejk can vary dependi ng on the engineering design
cﬁP%éﬁla “f45e nature of the materials thatdugioatused,
and the desired performance properties. In an exanple
enbodlnent the ratio of the liner to netal shell wall
cg cknes&Ceseebe in the range of from about 5: &
80 ant.preferably in the range of front 4Bl )10 1
to 50:1. The typical strength range for the liner wll
be from about 3,000 to 10,000 psi, with a prestress
range Welchaind T Agke f r om about 500 psi to 6,000 psi
Siser "t e I.ernalpressure i's reduced to eston@nd the
stress on t H&%ut er

ca 1
ten

Substituting Equations (8) and (7) into Equation (5)

USteelCasting ~ “Steel _ TConcrete

3 < Bquation(8
ESteel EConcrete ®)



steel pipe is partially transferred to the concrete or

nortar core. The all owabl e design stress on the stee
wab@bhzwaul d range from about 25,000 to 72, 000PEEUS2009/039091

depending on the required pressure rating and the

yield of the steel used in the outer steel shell

[ 0029] GCenerally speaking, it is desired that the

slibsneitng®quaion e imeEqRpsroxi mately 10 to 50 times the

t hi ckness of the netal shell. As an exanple, the

&yLkndricgl etal, Sg'%{%l- can initially be stressed to
) r pressure. This is twce

the Esed ent dedtgmrestrasstef or steel pipe, resulting in
2 st eel pipe vvgll havi ng about one half the current
mgebfCastitgi ckness.St@ecause ste ]Uérgpr esents the major
meteeni al  CRS$hc &t NE. PIRE,, I €dtci ng the wall

t hi cknessFo? The stee c%rﬁf% nent in half for the PCSP
represents a_substantial savings in raw materi al

Gosts [.0030] SvHersingduct i on i n di anet er ofg the Liner,
Sted . . , ) Ernation(9)
¢ore or ifnner e after releasing the castlng

pr es sitsreet’| qUTTTIg i1 the PCSP will depend on
t he thi cknegsreBngossiul isecdf the core, the thickness
f e netal shell or steel pipe and the anount of

Agﬁuptgg§ﬂ%mf’ﬁ@§qaefgqaw ®8%Minder the casting pressure.

mb\‘fq‘ggﬁnbal ance i s set up betwee tfhe steel cylinder
afiet the''core (i.e. they are two SpYiPR§s opposing each
other). The change in strain in the core nust also
SEGat 600kerschange in strain in thépstieeMinphyeYiclh SHeRdHES the
of equations can be set up to nastied# intthesipewall t eri a.
Such equations are provided below for reference for an
Peseaafpties ‘PCEPrshavi ng an 84 i nch i Agerdiéudiesmet er . 84-i nch
Class 150 Pressure Cast Steel Pipe The manufacturing
‘Bmoeess P ncor por at es pressuri zi nghieiesselieecreitesed  pi pe
and nold during the casting and cure of the concrete
Bl Q106 40B50espdir i zi ng the nol d pl se@fustdgorRrter steel

pi pe into tension during the casting process. \Wen the
pressure naintained during the casting operation is
Egel) caendpootphie out er steel pi pe wivbuighsrsteld down ont o
the concrete liner It will continue to shrink until
the force in the concrete liner equals the force
lgxert dépihy T lasnsdheel pi pe. The f 6 dfGwehgipeguaidianpeamn
be defined. Substutitrng Equationpideiint o Equati on 8:
1%5&%.&% followng criteria for a pipe design:

TSteel Design = 0.72.5MYS Allowable design stress for steel at 72%
of SMYS

N 4 .
TSteelDesign = 452 10°-psi

”S:ee}Casting = 090 SMYS Stress in steel during the casting
operation. This stess should be at or
below 80% of Specified Minimum Yield

i Strength (SMYS) of steel.
TSteelCasting = -4 % 10-psi

10



| D of pipe Specified Mninmunyield Strength of the
steel in the pipe wall Operating pressure Thi ckness of
W@ orvongdees cor e Modul us of concrete Mddul us of BCERER20092039091
of Stee! Pipe to produce specified pipe ID Al owabl e
design stress for stee! at 72% of SMYS Stress in steel
during the casting operation. This stess should be at
or bei ow 90% of Specified M ninmnvield Strength (SMYS)
of steel. Thi ckng s of steei at allowable design stress
t5h@I= PEQERUE: dS%onl y Casti ng TpremssbReR! at A0W-0E design
SMYS Di anet er” Gweiedidhi ckness r atstréss idvipdsntdcakd swabl e
for current steel pipe design is around 220. Cenerally
si.g=Baf%een 10 and 50 to get practical |evels of
concrete pre-stress and thickness. Ratio can be higher
or lower for specific applications. This is the
Clam@’régu%e_ s s SiepCashne s‘ﬁ@éi Casting pressure at 90% of SMYS

IDSf.ec:l

CastingPressure = 187.5 psi

e . . .

DoverT = Dgjcel Diameter over thickness ratio. Maximum

(el allowable for current steel pipe design is

around 220.
DoverT = 5§76
e e tConcretc: .
TConcreteOverTSiee} iz ——al Generally is between 10 and 50 to get
Steel practical levels of concrete pre-stress and

- thickness. Ratio can be higher or lower
[ConcreteOverTSteel = 25.043 for specific applications.

OSteelCasting

OGee ~ 1 This Is the pre-stress in the steel
- Steel 1 after releasing the casting pressure.
Esteer +

fConcrete’ hConc,rete : EStce:l

Tgpag) = 4156 % 107 psi

Steel PSteel Concrete stress in the zero pressure
condition. This Is the pre-stress in the

concrete after releasing the pressure in
the mold.

TConcrete = i
Concrete

- 3.
CConcrets = 1:639 x 107 -psi

11



after releasing the casting pressure. Concrete stress
in the zero pressure condition. This is the pre-stress
w0 poovhsvsgconcrete after rel easing the pressure POT/UR®09/039091
nol d. Conpari sons of Pipe Stiffness for Conventiona
Steel Pipe vs. Pressure Cast Steel Pipe For
Conventional Steel Pipe: Thickness of liner on
ventio eel,.pi pe oxi mat.e thickness of stee
C@ﬁﬁvﬁ@nﬁ@% FipS it i CoBNeBlenahSical Bine pepe
Piessuga GasubireldPinsoncrete 1iner Mdul us of st eel
The. sum of the areas can be cal cul ated as foll ows: The
s JonvehtioraeSweldtge:t i nes the di stance to the reference
centroid, can be calcul ate follows: The distance
‘it Hie "centroi d of the ove?gﬁ|m%?8%mﬁhnfo??8ﬁPﬂémapme
?iqgggﬂggqgﬁe st eel gipe wal | (the referePce position
or_PH¢ti"aliy assumed centrgi.d): ; as
'St'0l T ows220 The noment of | ner%ﬁ%’g n%gﬁgfjgs f!g%%%%ch mset it of
| ayers about their own neutral axis is ca%gﬁﬁa e%1per
fsunPt2réngth as follows: This the total "El" value for
the pipe wail. This value nust be substituted into
l,‘,Equat’ic,m 5-14 of AWM I Vlanual M5 to properly
FevadreuT AVEOGPEr al | pi pe sti fTELE 0t cepite Bred di ameter of
the conventional steel pipe. Pipe Stiffness, PS is
Ldet-esmpmenpsas fol | ows utilimddogs 4STMD2412, Pi pe
stiffness for conventional steel pipe For Pressure
Cast Steel Pipe;

Section Area Y
E - g,
Concrete Liner Ap o CONMCREIE ¢ [ st * Winer
Conerete™ B Liner Conerete™ | ™,
Steel 2

AConerete = 0-067+in

E
Steel Pi _ Steel o .
el Pipe Wall Astwall = s Ystiwall = 0in

Agiwal = 0.423:in

The sum of the areas can be calculated as follows:

SUM g e = AConcrete * Astiwall

Su MArea = (1.489-in

12



Thi ckness of pressure cast steel pipe from above Set
t hi ckness of steel to variable nanme used bel ow
w(abeooks®ss of concrete liner in pressure cast BCE®52009/039091
pi pe from above Set thickness of concrete to variable
name used bel ow Mbdul us of concrete |iner Mdul us of
st eel Section Concrete Liner Steel Pipe Wail The sum of
Thé Ben &t@AGeLaheb BicGRlA BiRJeBendsRLMRWS can bERGIS Y f
folblie areas tinmes the distance to ere
certtroid, can be calculated as follows: The distance
My ™ BentieoiYdosfetet hdsameeaivapi pe wal | from t he
m ddl e of the steel pipe wall (the reference position
SUMGr, i R tdsaki’y assunmed centroid) can be cal cul ated as
foll ows: The nonent of Inertia of the individual
| ayers about their own neutral axis is calcul ated per
Thegiptendedinie rerdrgidfobihk ovesallTive vwelifvro the triillekdf theatesaspel vl (the
refgiprice|pgsjlion dorjinitiafidssurnest ceatraid céroid calnglated hd folidwise t ot al
"El" valye for the pipe wail. This value nmust be
\,Psug_slggtui.édi’;ﬁ‘ﬂnto Equation 5-14 of AWM Manual M5 to
¥ oper | sualcul ate overal | pipe stiffness. (Centroid
di aneter of the p ipe Pipe Stiffness, PS, is
\{pde\tvs[m,mgqn as follows utilizing ASTM D2412. Revi ew of
the"'t wo pi pe stiffness val ues shows the new pressure
Thg gr%rn% %ﬁgl I%{IH @%rﬁ}%héuaﬁgyegua%gm %}telxrfmtvr? [\&U&F Qlaar;is(i:socr;a\i{:(glgiteld (())Qral

unit! r?g as%i%ws:

Pl
tLiner
12

St

leoncrete =

| .3
leonerete = 0-01-in

3
tsy

iStIWaH = :

30

»

= -3 .3
}SthaU = 6,295 % 10 “In

The sum of the El values for all layers is calculated as follows:

AP =T O E S " 12
Elconcrete = Eeonerete [IConcrem f tLiner’(\‘/Pipe"x\f’all - YConcmt&)‘}

Bleonerete = 3593 x 10°-in-1bf

& v T 3 2
Elgtiwa = LStee!'[ISthall + g1 (Ypipewall - Ystiwall) ]

Elggwan = 2389 x 107 inIbt

u'f‘malPiPGWaH = Elooncrete * Elggwal

13



nore capabl e of supporting pipe handling, installation
and earth | oadsChange in Concrete Height During
wee@sasmes Casti ng: [ 0031] The PCSPs of this i nveet/usmwe9/039091
can be manufacturing using a nunber of different
pressure casting techniques. These techni ques can
i nvol ve horizontal or vertical pressure casting,
.depending on the particular pressure casting nol ding
Elpyestieman EPES2 110715t r dhisshertpel "BS walystordherdpe Wadla This value
pressure casting t echni”ﬂtﬁ%‘;ﬁ%ﬁt'fu@ldﬁt‘éﬁq@%’@nﬁ AWWA
wherei n the concrete o487 {4p loo¥RsBSFAIGH qverabpipg eiffness.
and cast in a vertically oriented nold assenbly to
PR ttq,ii;ei-ﬂ’texrungpk %j..‘tl:bwl\@)ie{yg” I NP CshiRfH @arfbeSiof 86 conventional
stressing force on the sdrroundim@@uﬁbal shel |l or
D§teet:g59Fn Once the stressing force is renoved, the
(il She 1 pl aces the finally-cured liner of the
resulting PCSP in a desired state of conpression. In
an exanpl e enbodi nent, this exanple techni que invol ves
PRE 86/HdEd, PENYddthaiRe HE RibweNEgheTAhs ARy t ar conposi tion
to inpose a desired stress on the netal shell through
the use of a hydregtatic nmeans, e .g., inposing a
Tgpal !af fluid such as water into

ppresshrized vol
e %

urface of khe concrete or nortar

conposition. [0 &2@j§EEﬂEZJi | ustrates an exanpl e
assenbly 30 useflul flor Pmki/ng the PCSP in accordance
with the principles noted above. In this exanple
repRedlidBBopip €Y1 5Bds i cal Fipt diffneshiel bondehtibitl §ted1 pRe
with ends 34 and 36 attached thereto to respective
ends of the shell as described above. The wal

For PresguneGast Steel Bipenet al shel | can be within the ranges
not ed above. In an exanple enbodi nent, the netal shel

1, 0F ~8&gl pipe can be made Ofichdl SV Bele '
% th the ends 34 and 36 meldgdetheggtof %%?gﬁ @gﬁ%fgmwe

t“ﬁggg%i ment, the metal shel lsg gickiREdBbrIoMRX60 n%ggéed below

The cylindrical nmetal shell 32 is positione
. overm%{base ring 38 that i%_kositioned at the base or
'Copoet Sim'Posi tion of the asseMsFSSY CorerRie Bgsia prashite gt steel
conprises a general ly annulPff '88&9°%9 that may i ncl ude

..one or nore grooves 40 ext%gg'%%ﬁciLcunngrentLally
“@l’orfgrate outer wall surface Bt & PAYEHG Ry2uahly name used
positioned adjacent an i nsi-de wal | surface of shel

Laneh364000W8 phase ring is fdiadelds $frcomree Hter uct ural |y
rigid material such as a netallic material,

Bagepr = 30000000-psi Modulus of steal

14



and in a preferred enbodi nent the preferred materia

is steel. [0034] The one or nore grooves 40 are sized
wapahakmped t o acconmodat e pl acenment of one or PODUL2009/039091

respective sealing nmenbers 42 therein, wherein the one

or nore sealing nenber 42 are sized and shaped to

engage and forma seal against an inside dianeter of
sthennmet al shell end 36. akdy a preferred enbodi nenty the

base ring conprises aﬁpéTF'of grooves 40 that are™

e xially apart fremegne anot her a desired (tgy+ i,

C%ﬁ%%%%%% alonéﬁwgﬂm@ﬁféi‘§ﬁﬁﬁace, and codhkh&&&”(iﬂ“”gw)

respective sealing memb&¥Y 42 in the formof annul ar?

rings di sposed therein. Theanpu) ar seal rings 42 are

preferably formed frofvanteé&l a3t 8neric material such as

rubber or the like capable of providing a sealing

engggenent with the netal shgll end. [0035] The base
SEPIAGPE3® ncl udes an gppemor—tongysur face 44ythal, £ oms

a closed bottomend of an afifiedlar concrete or nortar

pour cavity or chanber 46. The base ring 38 further

i ncl udes a groove 48¢tvat =i %!6posi ti oned

circunferentially along an inside dianmeter of the ring

3 e groove 48 is posjtioned, sized and shaped to
Im%%%ﬁ%ﬁ%ﬁgﬁgﬁﬁ}%%%%%ﬁ?géiﬁimgéaIing menber 50 therein
sul@ engage ang.forn1a seal with an adjacent outside
A SUrohaeie” OfUWaltol | apsi bl e i nner nol d nember 52.
< ;h0036], JIhe base ring 38 further includes a section
SLP%&? gﬁgfgcts radially inwardly fromthe body 39 away
_fromthe base ring inside
The & H ishag 0 adentoid] cadibs phi

. ame aistaegedp the rafs d| car] Yt

lewshe 54, e .g., a bottomend of the displacenent tube

subd, 1 st her ebyyiount ed, on the base ring. As shown in

= ey ‘teﬁl%%"‘ of 4i5%i bISEYrhneY4Wol d nenmber 52 is

SU/ositi_one(cl‘_cz:oncentricalIy around an outside di aneter

SUBt Atend ‘PSP acement tube” 54. The col | apsi bl e i nner
nmol d nmenber and di spl acenent tube are each forned from

Theadisct&r{ch tiHé' @énl gid crm‘ltgé gver' et aﬁli‘ St ch as a. et aIy l‘ A

Bk bbby 2 sém%gfﬁﬁ?ﬁfaa %%gfé‘};‘fgﬁf’&%?ﬁe‘% el (e
col T apsi bl e 1 nRer Mol d nerbat PEracysied ' dlhscenent
tube amsemMiqrhed fromsteel. [0037] The collapsible

Aripaaer= mu nber 52 can be fornmed froma single sheet
of materiatedhat is rolled into the formof a cylinder

~or can be formed froma nunber of panels or sheets

Ypipbratii ak @' el ded or ot herwi se joined together to forma
cylindrical shape. In an

The moment of Inertia of the individual layers about their own neutral axis is calculated per
unit length as follows:

diangter, and ;hat is

3

lcon

nnevete™ 2

L3
e 277,
!Concs'etc = 5.333-in

-

g
| sy
AUl
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exanpl e enbodi nent, the coll apsible inner nold nenber
is provided in the formof a cylindrical sheet having
wo pan9asds4 t hat extend | ongitudinally al ong t hepdEO§L009/039091
of the inner nold nenber. The ends are configured such
that they can be noved inwardly towards one another, e
.g., coiled towards one another, to reduce the
diameter of_fhe inner nold nmenber and thereby cause
Istwt 5 1iYer ol menmber to col | apse for purposes of
facilitating renoval of the formed PCSP therefrom

0038], | n_exanpl e enbodi nent, the ends of the
The 3 cgfrt)hsel %Ivgu?sﬁ re"’\m)ﬁ’fﬁrlséiS ﬁ’?@ﬂ%{ég a3Ple%Sonnect ed to one

anot her by a grechani smthat operates % mai ntain a
Elbdnsgd=i *‘?@Qﬁ:@mé’bﬂ:oqcrﬁ??"bc%'(%%’i&%ﬁ9”@9&%@ the pouring a
pressuri zing operation, and that can operated to

nove the ends of the inner nold nmenber together
Eligheueby5¢ol lapsibhg t he nold nenber to facilitate
rel easing the nold nenber fromthe formed concrete or
_nmortar core, The inper nold menbet is further
Elomaiiyine Istrmvmi"*rﬁsaﬁ“bq;dvﬁﬁkﬁgﬁv&ﬂt he concrete or
nortarconposition during pour and formation of the
PCSP under essure. In a preferred enbodi nent, a gate
u&§wwfdégﬁxﬁggﬁg%n the col |l apsi bl e i nner nold nenber
ends that can be renotely actuated to reduce the
pdiameter of the inner mold menber at the appropriate
N%§¥®@mW@%fTH@WQW@F§?$WWM t hereby enabling the inner
nmol d menber to be renoved fromthe PCSP once forned.
[0039] A bottonHreinforcing ring 56 is positioned
Ergl . gmgwan=i7gl d e’ di-tfret einisshertbtalCel” edlud frahepibd wpts iThis ealue
i nner nol d nmenber 52 adjusterubstihgedivds Bouatiorgs-BBofandva
assists in pronoting a \rags M8 tasueeiineplcaistpatyen pipe stifiness,
bet ween a bottom end section of the collapsible inner
nol d menber and the base ring. The bottom reinforcing
ring 56 can be fornmed froma structurally rigid
materi al and can conprise one or nore nmenbers that
al one or together forman annul ar support positioned
pconcent i cal | inmardL¥_of the coll ap 'bke.inner nol d
~epies botet 'oriCend 'eect ¥ BipWaln an exan'z AR pthe pipe)
the bottomreinforcing ring is made fromsteel and is
Dwel fedst®o-& bottom portion of the inner nold nenber.
[0040] Moving to the top of the assenbly 30, an
annul ar top ring 58 is positioned

Pipe Stiffness, PS, is determined as follows utilizing ASTM D2412,

EI’I‘()‘talPipeWaH

PS P

ressureCastSteetPipe ™ [

3 3
D AN
0‘149‘( Ce:troui} }

PS pressureCastSteel Pipe = 2.844 x 107-psi Review of the two pipe stifiness values shows
the new pressure cast steel pipe will be much
stiffer than conventional steel pipe and much

Ps ConventionalSteelPipe = 51.758psi more cafpab!e of supporting pipe handling,
installation and earth joads
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adj acent a top end of the nmetal shell 32. In an
exanpl e enbodi nent, the top ring conprises a
wa@ydoonsorcal outer section 60 that is positi onedr/us2009/039091
concentrically around the end 34 of the netal shel
32. The outer section 60 has an inside dianmeter that
is sized and shaped to accommobdate placenent of the
end 34 within a | ower region of such inside dianeter.
Chparsiin Gompreth dlemh6RudneePpasid Cafieg W t hin one or nore
respective grooves 64 disposed circunferentially
ung..t-he end 34 to provide a seal between the top
l?%ﬂgQQB:gﬁd the netal shell 32. The sealing nmenbers 62
can be amyil.ptnegrs that are made from an
el dsherertcmater adReagPipdblzér or the |ike.
[ 0041] Whi | &the enbodi ment of FIG 2 illustrates the
[ﬁiglof seal i g nenbers at the top and bottom of the
K458MBr 7 *di%hosed in grooves that are respectively
di sposed on the shell end and the base ring, it is to
%%m_ngerstobdmvhaﬁethe speci fic sealing nechani sm used
to

ornfa desisyed sealsjat the top and base of the
concr et ’BSmnﬁrt ﬂ%ﬁh?ib

er 46 can be other than that
whi ch I8 descyibedand |i | lustrated, and that such
variations are understood to be within the scope of
this invention. [0042] The inside dianeter of the top
Pely =ouidéi section al so i ndremeseight oetierak doegitioprédiat
is sized and configured to cagoonproadiat.e recei ving a
pressuri zing nediumtherein and to accommobdate a
desired extra volune of concrete or nortar above the
spi got 34. The extravolune provided by the top ring is
useful to make up for the volune increase that occurs
Wi thin the chanber 46 during pressurizing as the outer
steel pipe or shell 32 increases in dianeter under
pressure. The typical volunme change during
pressurizing results in a loss of about 6 to 7 inches
of vertical height for a 4-inch thick concrete liner.
The top ring is configured to hel p accombdate such
vol ume change. [0043] In an exanpl e enbodi nent, the
pressurizing mediumis water and the central region of
the top ring is sized having vertical height to
address the concrete or nortar vol ume change that
occurs during pressurization, and having a dianmeter
that is less than that of the top ring bottomregion
Sizing the top ring outer section inside dianeter in
thi s manner
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operates to limt the extent that the end 34 is
inserted therein during assenbly for the process of
whodok/1p@os i ng the concrete or nortar conposi t i POT/UR1009/039091
the assenbly 30 and into the chanber 46 and
subsequent|ly pressurizing the poured concrete or
[0031§Or t Blic RO this divenfi®id d2H beTiendfapuiindgsingid aimbaaifidifferent
60 i ncl udes. an inside ianEter-toq regi on ihat S
pressuse saing erhaigipe dl 1ese byt et doyolucarnntat peyestionl gresgre
castingp&lpgﬁ‘d‘ipg bn $e @E@éﬁa{fr ossd cQéti ol@ﬁlgtsg}?&m'. $18! 268 trates the
ver a top portion of the assembly 30. I n an exanple
use ofeamxoteaterssurt hasting s¢alieiqae andtadated apembly, ehetvastha concrete or
di aneter sized smaller.than that of the central region
mortaf OISR 15 PR P Pt i B s ool Sy fog@r the

liner thREH Y/Hle iBpodng a A&ilcABEredsingdBRS dAQhe QHFRMIIMBINASNhERDr stecl
regi on. [0845 The top ring 58 al so includes an inner

pipe. S¥se ithprst@gsing fpremis escaoysidethermasali shelhplacesthe fingliyepured liner of the

result%%éidﬁin&aﬁdg?ﬁ%ﬂ%éj\%go? c%rﬁgrelts s‘%ﬁ I fngag C%glslﬁ}/e()egnetfnotéﬁrgleﬂt ,Z tih?sgexarnp le
technig@8 idvo BRRE Prosadi-ald e :pBM&%ﬂ dbicréte @fnioiar edthedsitfRab iidPoRQ
and radially outwardly a distance fromthe

desiredisgptsapehe actal shall thepughplasisciadn hydjostatinmeans. ggpamperiae 2

press&{ze{l 06 R J: ARG BE Aulda8] amhtfd;r ﬁ%rpcﬁ{taeg %vithTahs%rfaQ%]gf the concrete
section 68 inctudes a palr of dowwardly projecting

or moktapSomysositiongs 70 that are positioned and sized to
accommodat e pl acenent of the top end of the

ol | i.bl.e i nner nold nmenber t her ebet ween. 46
0032f ) %G 23 _tré‘teér?ﬁ(’i&?fﬁ_%lﬁta,ssef‘ﬁ)é‘_/ 3B prelisPpmeking s POST ot

accor@BIDRithARe HiitGOby nd18PLEIVR In Wil bkatpld AGBEERenf, 83 M Rical metal
of the base ring 38, and at |east one of the top'rin

shell 33 pdorpiedopith endss3dtand Bprritached gharetditakdspeasive wadsiof the shell as

s BRUFRRE 2 s GEALFRE el BB Py TRTE! b B o

In an BXa@¥i16 86Abbd dindehe tHeOmhdPa Pdhe DR sREISEPDEM. behhsde orf heruat Hginder
of the lips that is not in contact with the

machigg Withg¢ Bids J4rmdr3 ot ldedribptstr. Ingngaampleonthe diagiicéametal shell

. ' rface of the displacenent tube top
mjbn?%%??%ﬁk@§ﬁ§§8ist in positioning the top end of the

i nner nold nmenber 52 concentrically with the end 34 of
[00331 he Tiet@llindiied] ime82.sh€103Y s pasitioped evenfadasd gz 38 thgt i82obisioned

ositioned al on i nsi jageter surface of  the
at the _@asq ogdvgrtamgpqsﬁwgro? aéswg_ﬁ%gp- g@e Eaﬁeger@n%% FHPrisepe gy
annulAr Y 398Gt IR i88ud 2Bk &SRbRIBodvas YD FkirEdih ircumferentially along
col | apsi bl e nold nmenber 52 against the Iip 70. The top
an outce ivafl ondaaegp fithagps? 2ing endl pesreehed adjacent an inside wall surface of shell
end 36. The base ring is formed from a structurally rigid material such as a metallic material,

and in a preferred embodiment the preferred material is steel.

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

comprises respective sealing members 42 in the form of annular rings disposed therein. The
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froma structurally rigid material and can conpri se

one or nore nenbers that alone or together form an
wamwliag7support positioned concentrically inmamﬂUymmemmn

the coll apsible inner nold nmenber top end section.

anul g B A2 o R G R T Bk Rt el i 5 2 o
the 1ikeQa Wgﬁﬂé bbp@vidMes sdiRhél e ?g&%m%h 8QAR41 sﬂi@l@eﬁd)p

er or pressure top 66 conprises an annul ar nenber

EOS|t|oned radially between the tOP ring outer section
[003560, "Bircoge sing Sttnalurles 4n apparer foraswtage b phas Eumsgrelongd bottom

end o{%ﬁéen fﬁ %Bﬁﬁc?&g%g n%o?ta?ﬁ ottty & {]&la&fbﬁ‘%w ?ﬁé{?&é‘fﬁ%ﬁ@%hw

ong an SEC

includes @ @ramdaBeBattifpasitiorked offtihrémopllyrelsag an (ﬁﬁ;lctbr cﬁﬂneteﬂowe ring
i nternal pressure during.the pressur|2|n%%opera
38. Thpgweye #hes prsdvagd.ciacd ﬁn@ 8h3Dse tQ aee mapp dg i Rlpqganent of i sealing

memb} 30RicEEin ‘f@&ﬂegaﬁé' LA PRSI With 51‘9 §ég£ééﬁp Sgtsﬁgj\@a‘flesﬂffa&éq@f a

top ring outer “section 60 Insi lameter top region,
collapaibdt mned maldsnemlbprd@ve 76 extendi ng circunferentially
t herearound. An annul ar sealing nenber 78 is di sposed

i t hi,n .t he and for from an,. )
1003681 tot B b et AR BB G B St @Rl sty Mlially iy from the
body 89 ewhPRom tAY bdtrRly i8QEE daMmctef dn@itRAtd dfin¥eted RMethtaQfRnerally
rlnﬁﬁjn5|de di aneter tog regi on can be configure

cylindiged digpledeancyt b@vé% vLad @tmm@ad ef e slisplrspmersftube 54 is thereby
mounlseﬁ on tﬁgb g% r As s Bv%nn F{é? 9%6 cohlg qq’li)lgs ne]Er %&olc? Bh%%er 52 18

nSI

positipgsli doh@eﬂﬁdcaﬂ@] a&ﬁﬁlﬂtanaﬂltsidﬂ Himstdr babe ddplabhr@ient tube 54. The
di sp Iacenent tube top.section 74, and that is

coﬂapé&lﬁ ingeiragldiracpbsving élsﬁlé‘ﬁ?m?@ tehropig espbformerk fras & siructugally
rigid ﬁQteﬁélag{H:lh%s STRQDiT R eridl hﬁd%ﬁ gké}gﬁé@%ﬁb&ﬂ&@nﬁ%ﬂl the collapsible

tion conprises a groove | spose
inner moﬂd:mnﬁlbelemdl tat Higplatonent itite amufoemed tohasgteclt hat 1 s
si zed to acconmodat e placenent of an annul ar sealing

10037 "Bk g R Tk Sl bt o g o fogledh Fag 4 gisite sheet of

materf@ 8l isREHeRRRY B¢ fiim bHecRRsr 015@a bk T nRNRAA § ndfi®Er dfbanels or
this assenbly 30. [0051] A | ocking nmenber 84, is

sheetytbaf ar¢ vigligd onothepvied jotined tpgféh@ma éomoépcmldatn@l shape. Inan

nf i qured t | ac enent 0 ssu
exam{g St B TR B o P REREE B maftiot DAY AR
cylincﬁ&éﬁﬁ@bt}halvﬁig(lw@ ca@ethat ektamll IBX @RIl leraRaEdi the Khgtht dTehe inner
Iockingrnenber 84 )
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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is provided in the formof a snap ring or the like

that is sized having an inner dianeter edge that is
w@eapahb®7of registering with a groove 86 di spoBeriustoosngs9ol

an outer dianeter of thedi splacenent tube top section

e.l ockin nmber enga th roove 86 to resjst
comp{yfion e st i FEtagen SHEC PSP B SRty IR o iEes
embo@lh%ts f%tecﬁ%la'c%b&%é@iﬁe%ﬁllaﬂs@cﬁ@ Zned Heloﬂméﬁbmwﬂ{at can be

tube 5 general ly cylindrical menber that extends

remotelycieiuated te @ffzduse drei daann@tﬂr efdhni mpﬁnly ldt memher 4 shpeapprapgiate stage

| ude ong |bs 88, ~The
of the orp’era%Pn therséy %n 11n e, 18neslrtr%1 lrrllezrr(le o £ Ee Fﬂvg% frloﬂren tthe QBESP once

formetlube fron1co||apse caused by the external pressure
applied to the nold assenbly during the pressure

i ng operation, and may extend betwe
[0039b| an%tbprtele|r1319f06ﬁas§ea 64t P?%tﬁ@leéﬁlqnﬁé‘ntl%%e %ﬂﬁ@ﬁ@r syrgacg of the

collap%ﬁﬂg \Aﬁgl%p]}ﬂ Ih?ﬁ@ér%@ aﬂ?&%ﬁt tﬂ%beﬂgp ng@ stalg aksl.JIT Bhnotin a

agai n for purposes stabrll'i zi ng nent a
desiredispalimgzinggganzht bétwirow e brettdmend sefioeof then:odiﬁpmlhe inner mo ld

oS FESE T U5 A8, 1 B et (REIIAAR, vy
rigid I'nﬁ,‘ﬂeﬁﬁl 20 BR SbIbAREShet IV et kBatbie drQo ée@l@érlfbﬁl@ﬁﬁannular

the transport of the pressurizing nmedi um g.
Supposmtoertlonﬁm c@C@Melcelssmwb@y offthe coHipsibl¢ nmleudleki memberdottom end

ht conne end ur poses of faC|I tatin
scctoly #h SIS B FE s b bR kol Bhds S Flgna s
weldc®él b bBtteal poviesnyo fARY indi€s meldGhcrdbera Wat er del ivery pi pe.
In a preferred enbodi ment, the inlet 90 is positioned

near_ the bottom of dlsplacenent tube 54 and is
[0040¢ o nf Mgtiing do ths tap eEthe agremblie?qs agfanpylasiopringed inapwroned

adjac%ft tdt erﬁi%fttﬂ@ln%}aﬁ) GifetSiy 'Iﬁ'aﬂ%ﬁgﬁﬁ : %?%F%z’?hgrﬁ %’Pn% comprises a

arge end of a punp or t
cylindaiveM@itcessctidr@tharsis @nﬁtiyne’.ﬁlo:oirlsamﬁ@ﬂlatamhﬂdrthé trel 34 of the metal
omnn manner to faorm a, PCSP. Beforeé gcenent of

shell {qq QUL UFE A TS 28R4 oliRMRT Hehberze andapct e t op

acconitfé da'té)?laégménlﬂ 8f ARRHBY Yyithén & fo%bé’r @leéﬁ?ppﬁﬁh %51&0([1%%{3 Sealing
or ar conposition is poured or otherw se delivered

membierst @ arh eos:thamﬂdemﬂm oho pma‘ldrd:ﬂe'smeem gloevessidadispised | 32

circurgfitorbly EfupdRTe SR Ebatich S LR SR o0 BBpmband ietal

shell 0NHd s%@ﬁngameinbéﬂd r6Q cBavk ﬁﬁlndlzﬂﬁnérﬁbér@\!ﬁaﬂ 8re made from an clastomeric
characteristics. One desired characteristic is that

matertafh suchcpg gplehce 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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or nortar be self leveling, so it acts like a |iquid.
This is desired so the concrete or nortar wll
WO e@nas®r4 t he pressure applied to its surface PCDUB1002039091

top of the pipe to the bottomof the pipe and radially

out war 0.8% and t he el pipe second.
volungyfPHHE by 4P Tae e oMb B By hFOgF ingreasgapaccurs
withirBthR AShYE- 46Td1u@mg %@es@tﬁrm@ﬁg £XRABSHcY GeHphpd & Sl B2 increases in

mnimze and/or "elimnate undesired volune | oss from
dlamqt;qre@geraﬁgssgm i Thy tmpaln@agm_ﬁ thng@dlglr]@prmsgrlwng figsults in a loss of

S|re P during_ . L
about §3871fhsR F S6%ed! HelgPE PP bt tingr. Toggoprine i
conﬁgaﬂ&s%r}@gﬁadaﬁnhﬁaa&cmcﬁ edleme@hengsi | | be very small or

elimnated as the internal pressure reaches operating
sure. Maximumtensile strain in the concrete cor

[00433{ |e| Inipg oxpimp feesgnhod K the PosRIr zdgcned imdy watar gngl fhe contral
regloIFS’ﬂy@?c}p i sIzQ? Ph\?ﬁ% Q@m@él"’}{%’f‘gth? fo Qfdr%sg ﬁler@)tnélleﬁes&qhérté? volume

a-‘ver nnual gap exi sts between
change ol oetwers darie Eashutingionn mdjlmvmWémmetwtha iselesrmhai that of the
ntact or close rOX|n1t

Such ¢
top T SioEn PR O Qi rge Q91 i B0 Pisle HBCIT s manner

operafek kAl 8hEOMEMt QRUTRIY ISR theb RePIHRESE Jurk s§ér§|ﬁkr b tﬁ@'brocess
corrosion for a period of approxi mately 50 yearS. In

of botbm@ﬂleng the centreiaremrtar competiew! ing the assembjy $(h@nd mau@e
th ft
charnid 3R STRE oY ok A PoBY Fhertf W lay RmBosition.

concrete or nortar core. The core and adj acent

[0044packTid top $tppartd s¥dtioh cprimMuds ahhifsidd difinoes ﬁapﬁe@dﬁ ¢hatt @ sized
ort the external loads fromsoil weig %@

and slmpgrﬂ acgpmpgeislagemght therein ofip teR angsntst é%@ﬂﬁuﬁ% or {CpR 66 that

s gL Ry LA COURRE) 10,00 5, SERE AHALA0R M i

diamet@ttop ruglidrd&ls almamcﬁbtaﬂizadrsnmﬂlheﬁlamﬁtaabf the Icmﬁtoarl mtbgl@l to control the

nber s sposed 0057
axial %?F@Feélﬁ CH aﬂ%% Bisith iy ﬁlaatt b ioeag%erﬁ%rrth%%t%regwn
PCSP in thls manner can vary dependi ng on such factors

[0045?S Pﬁﬁptob @ﬁgtSIS’als@ﬂﬂcth@, Qi dr et AWR! ah @n kkd1BPle embodiment, this
hi ckness he concrete or nortar COﬁpOSltlon 'S

inner d@qtmels etldatt o thadop imgb¥r by Gcnfrrlizingt gussetp pnagushpaoe die inner

sectio'rggﬁ‘% Egﬁ% 1§1)1(eté1%% 18 kg%\?ard[grh%érgglﬁ% P]gt?r g)efgtltOTEgP t%g& rg’cﬁallyl onutwardly a
distanc® HR@s ki OBplacenital itver ®ta bodiGort A¢asedk dn Sippbr EdtBbT tHeScollapsible
surface extends a distance into the top ring 58. As

inner pgldpenben2. ThenpgpestigngdBacdes apasot dovreyiyergjgeting lips or

rings %Qgtﬁ@t yal 091%%%918%1?6 etooﬁcc%&rrﬁc%ra u?ﬁfsé{hetftoc[f the top end of the
aaar essi the ownwar movenent € concrete

collapsible inner mold member 52 therebetween.

[0046] In an example embodiment, the collapsible inner mold member 52 fixedly
registers with a placement feature of the base ring 38, and at least one of the top ring lips 70
operates to 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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or nortar surface |level wthin the nold during

pressuri zation due to the outward expansion of the
webt@eliz®hel | . I n an exanpl e enbodi ment, the vobPCmESDNI039091

concrete or nortar disposed above the end 34 is

ient to.nmake for. the ertlcal h
10047 1 DD R e R oRbirieie 4t 1 Rt Pl oot the
collap@ﬂ)'lbcﬁlﬁ&embﬁ thétfiberad ddfiRehtRe b riddenfRdedbn 6_§h &nd assists in urging
equations presented above provide an exanple

the codlapsalie andld meatber b agaanst ithedip @} ophd tep cein®reing ringi’ghg formed

o SYE B B SR S 20 OB B RS ek OS5 A0 o

togetiRR ﬁ)rhﬁéxper@ulat sippoal foRitlded eoretiiticallyni@wardhg saihe cbgpsifie inner
and the | ocking nenber 84 are_ | gaded into place over

mold pgmbepiopend seions di A PXamng ewpodigienh e tap reipfoseing Hng 72 1s

made §dth @é n&‘?ssxg%'l)ﬂéd/ to tﬂé gﬁtggf tthg %}1%%1%'16 fnﬂ%re&lo I%Qnéjrﬂgeq ﬁ

S|re operating pressure. e water flows I1nto the

assenbly, filling an annul ar water chanber 94 forned

[0048bet Viglentop meendics pt pessmentoptabbenipdisesch dnnelac alehdps pdditdoned

iy e TR S s o 3 bS8 eton 74
that iA3QEIHRAI ¥ ahRBber hd Gif HRAAGH RRRUELHE 84 %Jg%emgae Higheter. The
concrete or nortar conposition, and that is defined

top Seg‘etwe?“hwoyrqudhtea thrinet fecomtheatbp n@gm@n 6@ praduecd lypintarmg) pressure

drm%dh nat el Xﬂthln t he assenbly has the sane pressure
. eﬁ)ﬁ”?ﬁ% ERRABES 04 and 96, thereby operating to

i npose a desired stressing force onto the concrete or

[0049(v0r t Blic rog¥RaStop 66 indMidek @n atitsidealigadter whalleurfddp Pt td fi@itioned
the radi al placenent position of the collapsible core

adjacept thei tAP 11RE oS 7Py 60 dnsiey diamgighiopgreigBAnddnelydes a groove 76
extenﬁégbfr&gnﬁ%nl?lgflg Rt e AT AdnG Rk SaR 3% %e?nﬂe? R&ls (ﬁyéo%ed within

er operating to maintaln its ra posit
the gradtcdhind dahde &&&&:ﬂﬁ’rqm af ORSBetib enaperes suprevialt atdearenb&tee]rvvlth the

within the a mai nf ai.ne t a constant |evel
top riggouter g5atdgn. efglsga%tﬂ%av e 1op FBL ARy %@a@ﬁf@r ORIERIRY C&hBAC

conﬁgwéd RE/if tht BRokeRS E&Bﬁnﬂﬁ'daf%ﬁ@éheﬁpgp@%ahhé)Hrem%@ﬁth‘é&@n
wat er” as the pressurizing nedium all ows for makeup

mater to be supplied as needed, during the
[0050br esEarpressnty top 66 etse naduded @nemdeachymb@aw@ éultfmthﬁw

posm%t% uazrgibagtergtarﬁeou %%% Iq%%ﬁeedlslgaéeln?e%ﬁ WI 515\)%1% 101}] Zét?, aélﬁ%éat is
configued ﬂaepr@ﬁa@ mnlh% ef€hghhhe tAsreWatt] Gn B 6xlimp1é cPHESIFIENE the

was mai nt ai ned a concrete or %{OUI pressure punp
displappracit pube tog ﬁ%ﬁﬁﬁfl cOmPEIpGHe grRaYe $thaispasae paewnisrengiplly alpng its

outer SEFRAT: i ORddSo QE&M&&&@SM&&&M of an annular sealing member 82

therein, wherein the sealing member can be formed from an elastomeric material such as that

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

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

that is capable of registering with a groove 86 disposed along an outer diameter of the
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vary dependi ng on the particul ar pipe design and/or
performance criteria, the type of concrete conposition

waoised3@s4 wel | as the particul ar end-use appl i Bet/U81909/039091
[0060] PCSPs, and nethods for neking the sane,

accor.di n f this,invent can b )
i EGEon gL o REL T LS, Ofy L sy Livent on. can Reyto rosist the
D e etntr Sk ‘é%f@%{fﬁ%%%%?% shel |

i nside dianmeter of approximately 92 inches,

[0052¢e| | Ve dispjacemeshiibe H8 ivdapss by oHnddnh megihqgthat extends from the
t (T
top se@ﬁ@ﬂ; 2{5%%‘%1”&}%%%%%8%”% aI{d %@tﬂ%mﬁé%ﬁ lel%gff rflll)s 88.
The oﬁz ohmgh: rﬁl@rtgﬁranatoatatﬁlezcéuhe ﬂgpladermeﬁt wite ftdzh eailapst ¢al38J by the
0z VISCOSItynDdI ying adm xture (VMA 538), and
exteﬂ@bmﬁsugff prpligd §<?rﬁ1€|m°&%&%?@bg% dyfing e PERSY Caing opFratien. gnd
|
oy SRR e, SRR IR JROuRRN O T Ul et
rnount/m!g bydnis r the likéénot elawit) argamrfonpunposz.‘:s o€ btabididinigiplachmentxone

} o .tion can be,r aced by. expansi v ent
mining SR Pa s ERah o 4o Rl 18 HisRRo ARG s G PR ygess of
formikPtePuINsate for the shrinkage due to drying and

creep. This conposition was delivered into the
concrete or nortar nold chanber. The col | apsi bl e inner

[0053kp]| dl hﬁedfﬂé@cemnbﬁlbﬁ Bt drrduties en fHe 90 mitiongqi theowhembe pvall to
..of 1th I
facﬂltgtg dlilen %ﬁl{esggtl{ #h%ﬁ)e% S}H‘ 1?]%81 81u% &4l Wit 8ré C}lsfo aRn aﬁ?er?bg? ﬂl%( inlet

OVI

includ@s atlekltighhedrncbraot did 92 Mﬁbhrpb&ﬁs o fRdiRatdig ARRROXHELR] $a4me to
0.16 inches. .The desired concrete |iner wal| .thickness
a conyegtiopyjpsespegiingsd HppHORERBcIcp: wChﬁé Regter detiggry pipe- In a

prefe%%lﬁ&ﬁg@ﬁ”ﬁg%lgﬂ s i@ﬁtlgt% dﬁ’e%f b'om)& chQl?sl}r)Dﬁcement tube 54 and

wat er was | ntroduced into t
is configsetivd yeceprdelivbatofi p&es@m\mde)@htetrl’fmrﬁ arstmabde pfesduhieing device such

con e Co sition water in the assenbly was
aSﬁDH%%é@éﬁ#%ﬁﬁﬁﬁ% aQuHPégéﬁ?Eb%hat produced a stress in
the steel of approximtely 90% of specified m ni num

[0054}" eI ﬁh@ibb%@-ﬂ%&rl@ws&mblymd R 'ogerfé’e"é%l% tH¥8 ll&bﬁgmérﬁlmx@)oform a

a m ni mum 60, 000 psi, so the interna
PCSPp rP@§csra péace gl éble pr@sqyreof@pcéé apd lc%mgrmemb@ 84 over the t0p portion
of theZ en?og}l/ Irrg&ermé{cbsﬂ%gmg gf corgg%g o%ﬁlo%t%? ?o%;g nRg)ﬁ dgi)%lgrre]d or ot%erw1se
delive@&fh\ﬁﬁtﬂﬂhle @hahbgriaabim&l botwyat e nidtf @h@lesz gitl e dolilpsid dner
possi bl e due to the thicker concrete |iner capable of

nKﬂd§@Bﬁ@?§3ng the external e arth |oads. The water
pressure was naintained at this |level for

[0055?pprlﬂxain@51%bbé e%l%oﬁﬂﬁ&ﬁ; tht TPRIEBYr FhoSthf Soinposition comprises a

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

stress on the pipe wall during operation.
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on the steel pipe of approximtely 54,000 psi causing

it to expand. After 24 hours of elevated tenperature
w@0e/13®74 9., at between 140 to 16Q0F, the col Pepssioe039091

i nside nold nmenber was noved into its retracted

osition and,th te ressure within the ass
10056foq. IoeiteFBad SRR e erbiar opihbEo by F GoRagt! Bricey small or
climidaf® KARCnedrBal $¢sSulr&chBopekratindlReSARPNESHEMAR: teddIR strain in the
resulting PCSP was renoved fromthe assenbly, and the

concrcsprayesl bel linsiigsdotassugo Hicicanercispornig iuprivact ayithi teainside diameter
pressure conditions. ] medi at el fter the initia
of the B FEEof BRI sPlae L AFER! Pt e s’ B8 b B and the
insideRGSRet60St tHO dRtal ShaDMUCBSBhdEr GlclRS HridxfimaP ikt FRheIr¥ that the
1659 psi.. See the series of equations presented above
concreth preprovifereha Aicdxdbing cedranmeat peded fopwiget erstegt fipw
| .
corroflo TR 8 R8o TGPk by, SFUGR, ROSREIRe chibobiiferk 36 Qb wi
carry thericadstieom pssdure, oritlguoutin@snyt bfehp eeshbilcistdchg roye firiearth oads or

.di sadvant age of using the concrete conposition or . .
reactigf tﬂfge agncg?gfs Op g1 Rg Tﬁ% s ] ﬁpﬁ? %‘%P?Félt uppRyt wilhprovide

the stPHES nekQeftoRh fhie RYtHRY 128 ﬁ%HPé&il%ei@htPHiﬁP w_igHt Bfd water
't ke, due both to the inherently abrasrtve nature of

weight hb gorenpiecobrdiosit therroasretgairimatir competiaoye self leveling with

. .. rrheol.ogi c characteristics that ar nown o occur over

timite{l FEGEE rr S BREBEERh  odoss hof gD S hebet i nid

rdn&ﬂﬁh@hﬁhﬁ%ﬁgﬁﬂx@&ﬁﬂéﬁﬁhConStant pressure force even
nore chal | enging. [0062] The use of water as a

ﬁgessuring medi um for pressurizing the concrete or )
[0057}hor t Hite vodwpe ef eansretagomasan qpamesition thas és wed fermaaiieg PCSP in
. i : t :
s RS9 RRUSHDLn RLBSRUER B SO GIPOTEL e o
liner thkngss Cc Thy edidr&Bal mouapesigpsiivnfdsraeliveraindto the ahamssndb until the
t hat not affected by the curing of the concrete

top S%%ﬁi)e,'%ﬁ%ﬁ PBHE cxtedp HEP (helpR ceet Mehe Brbi bt B airpBBlcgrepdiment,
the co'nére?eeérfm(ln@%f%Bhﬁgsi{iBn W delliv%@& %ﬁb YheAbldlsh th‘ﬁ@ft?éur B extends a
t f t p t he

ransfer e pressure applied to the surface o
distanco mpo gicttbpnng A8t Ae notdddbbee, tivetopeing|S8sipetates tdpicvide an extra

VO lun{flr ﬁé{lg{atrez)g ozﬂea\?\éggfgl @ﬁ b gs&%n%%h%&%v%%v%pg{lévél%nggfo t\ﬁle Icgncrete
or moPRERFHCE levhfwlkihitROmb Hied&fngﬁﬁéérsﬁr%tiﬁﬁ AGE &SthA BYtwWHrd @&pansion of
| eakage occurs at any of the sealing surfaces, the

the steghsleall. gnes syamplg cabeidmesnt.ghe yolumg of gemiretg od ewirteedispesad above
i. | ve~make up.for the | osstp keep.the tal shel |
the eng3Pe SADERAClg Bupedln b ARG HHE LG RSt such tha

the fifa@leveLs Rhél BotREctvatjast at tHieoMat @ chd 88S The cGaPioad prevéted above
for the conposition to cure while also maintaining a
provide an example calculation of the vertical drop in concrete height during the pressure

casting process.

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

member 52. The water also moves to the top of the assembly filling an upper chamber 96 of
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desired pressuring force via makeup water should there
be any | eakage of the concrete or nortar conposition.

wQ 0@83399@nce the concrete or nortar core has bPENUS2009/039091
subjected to a desired pressure for a desired duration

the asgypily Tt iy oo B e SurfoETB) R coveabiRof Borap epivqsyion. and

that isSd¥finBK g Q¥-Q1yt Whif %&&nﬁﬁ%?ﬁh%ﬂtﬂeﬂ?b b, Bk Quatdr RETEPYe
acl ng | In O conpr essi on.

estreSS|ng the core %S
assen%bch;asﬂhﬁr sngorasssre witinit ¢@@h§rsa9?e€t®r96ofherdbef aperating teimpose a
. lin al so redu S|n it
desie Rt e oo 86 o BUEE SprabO P enyfle e ime
suppogiglic aailidlMemeht sRftRnERiREd o Ilapsble lc&reomﬂhlﬁwlsd Bhamb19, c.g.,
facilitate its renoval fromthe now forned PCSP p

equal presgurpy & exerénd aninslipidenef the peliapshle iprsspmeld gnaselas i operating to
malntglﬁqﬁsfﬁl&lh Z@gltfo 1?[119%' a!’sge%‘tqgr ation, t he. col | apsi bl e

mber is first oIIapsed prior to
relea3|ng the pressure within the assenbly so as to
[00594v oi Thed@amgiengf thdreaiennathimtht dssambheis niminthined et :a(mistagt level for
force gf t.he core, and.to faC|I|tgt or ease th

a desipspegiod of M i BE L Ghe B RE SL UK SQDER g TrpRter composition.

The uSd 8MR4EF asthe hREsUr BRI mERh A JMBWE - maiQUB Hatdro B supplied as
exanpl e enbodi nent, the nold assenbly Is configured so

needetih@mﬂgﬁbe m%m“lzmgemwetwdtdmsm agshlealge sha maafmw@t(sat ghavarious

hanb h th
seatng S AT Bou et YT nPe e ESer o G Gl adbEg LRt

pressurfirfd IIMhﬁb bd Wunlg QRARGE prefsuvd Whs RBRItARQE BWeL corcfeté Begrout pressure
exa enbodi nent illustrated in FIG 2, the

pumpp rTé1§ stitat amaygniadttene \hipg the corgiete oo MO HecuPRAsIN i9prespirized will

vary J(?Egn ?ﬁ;g ﬁ1;e é%ﬁlc‘a?a{r %ﬁ)%séer gg ah&) g%rgog‘ﬁ{a&ﬁ% %r?[&hz{ 'tﬂegﬁrgg Qf concrete

comp@ﬁtlcﬁfﬁBédedeNélbas&h@ﬁﬁﬂbthhﬁldJWIalpplicdﬁiaﬁsage of water
bet ween the chanbers 94 and 96. [0065] Once the inner

I er.is cql aps d, and the ssure .i s
[0060) ¢ S%@@go apd, gt hpﬁ% ﬁ%@i@t&@%ﬂ%@ @egqrgmgé%v%ﬂplgﬁaf thie

invenfiG{TBn e 8} SRRk cprntﬁ Rl db gl i%'ll@&z%g éx%hﬁ%%
assenbly are then di sassenbl ed. The can

renoved fromthe base ring 38. The renoved PCSP can be
ExamplearisifobR was fagmad deisg thecrsparally illbustrited if 1@ e haciog ian gnetal shell

inside ht fo ner sy eat [ rt aer qlvellrjnngrcor? rrbt ecn}n srl’[elssézJ risin
e SORPEPATHRly S0t Rl ivetne g co kTR FRpBlEGR HhBprisine
appro$iniit€l§ 760l Ibs cement (Type 1/I1), 1490 Ibs coarse aggregate 1400 1bs sand, 319 Ibs
water, 60 fl oz high range water reducing admixture (Glenium 7700), 10 fl oz viscosity-
modifying admixture (VMA 538), and comprising a small amount of air voids (2.5%),
wherein the total weight of the composition was approximately 3959 Ibs. If desired, a portion
(15 to 20 percent by weight) of the cement component disclosed in the above composition
can be replaced by an expansive agent, such as Komponent from CTS Cement Manufacturing
Corp, to compensate for the shrinkage due to drying and creep. This composition was
delivered into the concrete or mortar mold chamber. The collapsible inner mold member is
positioned so that the inside diameter of the resulting cured concrete liner is approximately 84
inches. The metal shell was provided in the form of a steel shell having a wall thickness of
approximately 0.16 inches. The desired concrete liner wall thickness for this PCSP was

approximately 4 inches. After the concrete composition was delivered into the mold
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to water as needed to facilitate further curing. In an

exanpl e enbodi nent, the concrete conposition may be
woedovilg@ld y cast and subjected to a pressuri ngedDUSBOD39091

approxinately 188 psi for a period of approximately 24

af ter sure is rel eas an
chami e et neielie o kb Erp P 5 b Feian Shoh e of the
concrBE @MY HEH! TRIWAEER the BREMBH Wis ﬁe@nﬁ%édrmtaquyssure that F[))roduced
twenty-ei ght days. |In an exanpl e enbodi ment, the

a stre&san thyestend ehapreexioathly 901@ Otf Weectfigdsmingmumaicld stxmgtle(SMYS) In

talnln castl S|de he nol The
this cebsﬁ 8 ategl %%@t%%h g gl&l}le Ca gisql“frét% B0 %he 1 1ﬁrna pressure
required td pddesd 56008psT isdpyroxihteRt1 88se Neteeh tHehabm FE@ given, the D/t
normal Iy 80% of the strength at 28-days. The el evated

ratio is @30el04T 872 vetighinbeyens! the seveptionsd prasice Wrvagr RPipg design and is
only @'gél?i\éﬂ f9td BR ¢ n@&@ R 1{n%ﬂgéé3§g1§foff§ ot ﬁ(h@%ﬁ%ﬁl earth loads.

asse I cker
The wmmfacﬁm el gnamaamed)ﬁt tilosk e ved f@th;bptoxamalely%SBurs[ OQpEding a stress
FIG 3 illustrates a

ot her. exanpl e ass 200 usef yl
on the gfgel pipiei gPRIR Tt S0 gsisasAge tweflﬁaf@b gffﬁr %ﬁélpms clevated
tempe?ﬁhl%dcu?@ %\@e at bech $4G RITBIPALLS b(mabﬁf) e 195185'@{01dhmember was

di scl oséd “above and illustrated in
movedrike #s ngrcttl pasitioh kagthichyaeri mﬁmurerwnltldn therdseamlzp ovaa relicved,
umtao pressure t and form

causintiih® bieBsbedisfit Bk €0 1 R L Mg gSigpregion. The
1resu1ti?n§|F'G'!iq]r WERle iRt FroANAE hssdRBIYC AAPHeFENP RAFH1044 t86htinue

' 6 and that defines an exterior surface of the
curing eigr emhignPEsPurciepadgngsnbnmpedio@ly sitdr tleroiwitih clgriatod tamperature

cure, &%sgﬁcret%%o 8ftfleh ?&éi’ ae %%dér' aoc%%g r@sltswg sPrgg;s o Pgr%r {nﬁa‘%&x 1659

contac

psi. SeBshetRrissisf @fﬁ@tl@fs ptrébem%a dba&b&hatTﬂ?wbasle eXdniige €albulbEon.
configured in generally the same nanner as the base

ring described above used in the assenbly |IIustrated
[0061) , P dgatyre 0? ouk e P ereihg mgfnr@w?%ab?ctwt st aaésren the

t
4 RO B SRS o O e
A disddvaentaghef ixamethe icoger0 8omposnomplpgou1r asrige prfesstutmag medium is the
Iacenent tube 212 éhat iS.in contact

dama%ea% OGN0 3 PECSHLIG FOMESUSh 43 A RUPRe t%%@fq e %‘?t%tt?] the

mhere%s@%mswe 28Que Jmle @bﬁ&@%@ﬁs@m&u&ewmagﬁe @halge)n rheologic
configured in the sane manner as descri bed above for

charactthrest@s ﬁ@ﬁbﬂe;knoﬁvnﬁo @EJCUQ ovemtn@ acihgdempasitien eyres, mhakingtha task of
maint & ing" ?41&0 yagp Prelssr%ltre %orﬁ Oervtgrslgngor,[% ?ﬁalfeggl%igw ng

pre su

[0062] The use of water as a pressuring medium for pressurizing the concrete or mortar
composition avoids these issues and enables imposing a constant pressure onto the concrete
composition in a manner that is relatively easy to do using conventional pumping equipment,
and in a manner that is not affected by the curing of the concrete composition. Further, since
the concrete composition is self leveling it will largely act like water and transfer the pressure
applied to the surface of the composition in the mold to the metal shell. This transferred
pressure causes the metal shell to grow in diameter as it would under a normal hydrotest
pressure. If during the pressuring process any minor leakage occurs at any of the sealing

surfaces, the water pressuring device, ¢.g., a pumping device, can easily make up for the loss
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[0068] A collapsible inner nold nmenber 216 is radially

i nterposed between the netal shell 202 and the
walc@phawesent tube 210. The col | apsi bl e i nner PoOI/US2009/039091

nenber is configured in the same manner as described

h illustrated in FI G
to kedhIBY Pl el s RRE st thiCp RS HRvT OBl Gagigre under
waterCtha WRE pRessierd e ¥lIRKSfot ae dogfRbYibA% and Wi talsddnAntaining a
concrete or nortar conp05|t|on t her ei n. Upper and

desired guigssurieg forerdd mgkeumyateoshoylhibisredpanz iekagofthe consegie or
nmwm}o keetlthe col l apsi bl e i nner nold nenber in a desired
F aofi B! poS|t|on [0069] Atop ring 224 is fixed to the
top cap assenbly 213 and is positioned over end 204 of

[0063] he (Dﬁcte&the sheirdte oamdrtancord had den Selgbdtadtonedddaed pReswealor a
sed to forma desired seal between the end and the
desmeiéiﬁraﬂt)ﬁg) timse thegpessingds Lempved by Gelersnenthe Mty drogs tsepssimbly,

causn{cé;tfl mct gﬁélhﬁrshi‘ﬂlf( Bn ghér)rgﬁréﬂi B6n LB TR cofE ticPth resttltegsmg

apS|b e | nner nber, orns a pourlngc
the coZ@By plaelmgmmntonfmnpre)sslomi rinc2 Pidis poairs) diesinsitie Idfaamterauﬁ ehe concrete

rin 30 project.ing downwardly to register with
or mogP i &1 487 eiredt B e e BB i oo Bore! i ene
need fOBUBRE ark Hierh@ dok&mbmbbSthk@dicalla dameehsefa&m&% @Rl from the
pressure casting process. [0070] The top ring section

now forrped RCSR pmehdula pqumdlmlpi@dlreﬁd, ofcedhsP Ak baebren pudseurized for

a desifehrgted. R RefIERIIS SHEF oI Tamb AR ShPAS L Y5 e Mpeine the

pressiir® Wl@lﬁﬂh@%é‘;@ﬁibﬂ}y sc2ds3o laR6idwdangmgfthd InntilgldZ3embdialy the
passes through an openi ng that extends through an

clampiigpior ceatfribe egrerdnddo fmditais @r gasedheprosens of ¢ llapsig op othepyise
fﬂhw%%gh%§§g§§$g9§§qﬂﬁﬁ%mﬁ&ﬁmh%eﬁaC'"tate the delivery of

ar conposition into the pouring
cavity 218 and 228 before pressurization. The fil
[00641 u beInZﬁ&xmplei cndioddecra, thaherld aghinblyarn nedfiguoed entlatttbe water

acce tt th suitable co te or rtar
pressiyg I“’l‘\%e} 31 &%@94 a@ﬁgmraﬂﬁepgﬁehn@g o feampyig are qqhignred such that
the Wﬁé@ﬁ@ésﬁreemﬁ’ig'tﬁ@mamﬂewéf drddl o6t 4408 ﬁl%a 38 candbRABL B one

about 4 inches, to facilitate the punping or
anothgro Un rthﬁgexeﬁlpiermnhuﬂmmmtléu&mratedunt%@ Zohppssturigmg water will flow

from b 47 o e PR UG RTP FB BB e b tiBb a4 A R no sal 17

desircdede test 28Rk MEles ehePRMovied td 18y n%h@fhe&fé%@ﬁasﬁdg@%f%&ﬂer
[O 71] The top cap assenbly 213 is nade up of an upper

betwegn Higl amppris 4284 98nd a | ower annul ar ring 231 that are
spaced apart and fixed together by gusset plates. The

[00655 OP &R the inner mold member is collapsed, and the pressure is released, then the
pressure top 66 is removed and the remaining elements of the molding/pressurizing assembly
are then disassembled. The PCSP can be removed from the base ring 38. The removed
PCSP can be transported to a desired location for further curing of the concrete or mortar
liner under ambient pressure and in a hydrating environment, ¢.g., where is can be subjected
to water as needed to facilitate further curing. In an example embodiment, the concrete
composition may be vertically cast and subjected to a pressuring force of approximately 188
psi for a period of approximately 24 hours, after which time the pressure is released and the
PCSP pipe is removed to facilitate further ambient pressure curing over a period of

approximately twenty-eight days. In an example embodiment, the PCSP can be steam cured
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assenbly 213 is placed into seal ed contact at annul ar

seal s 234 and 226. The top cap assenbly is held in
w@b@oasdy4 t he use of a | ocki ng nenber 238, SuchPCEESH09/039091

snap ring and the like. In an exanpl e enbodi nent, the

aurin G TR A oS N
hours %'f@t@gm%ﬁreaéilh%%ﬁﬂk W 868 untalm 808l 7Ldal Aneblcht @aﬂewaat is

t he di spl acenent tube 21 [0072] The naterials
normalb/e&ﬁ)% of therstrergth a?8-daes. el emelenatedismparatibosteaspra awéelerates

e BERS0E HBA0 SRR SF 408 ST b RSB R ! AL ke,
thereby| ihipsdidd 8@ rhahufdctaring. rale@F ddlkidgodildit@naERCSM t hi s

nanner the assenbly 200 is operated in the foll ow ng

nner for When conpared to the assenblé of )

[0066h G Fl1&. 3tlH@t@£f§@ﬁﬁqh9r $aMpdg #sa¢TBblyi 290 meetul BT mskipgthe PESP in
accorddige HAR tﬁ@‘?{l ﬁl@yp(lgllﬁi %ﬂ&et QPR sDhnBG RS AR O ¢l QISng&i above

position prior to Ivering the concrete or nortar
and ilbempod irt FI@h Ziintlmt ftheakes sendf a/collapsibleiinen n\cddi ummb@f and a water

concr et nmortar co i n.ji ,
pressur e GBS 50 Ao TG (14 CaLs ey Ty Htgreb T kes use
of a cliddrich Rl $Hell20PGoiBAsinRBARET04%14 288 qtn@’{halt ﬁé‘ﬁ{es @n exterior
portion of the chanber 228.[0074] As shown in FIG 3,
surfacgrod thesreaiinsmPG8E. dbovwcmbly 200enelsdwrmnl apnitlal basermged8 |th1at is

ncr tar osition fi

positgiieat § bolt S oGt e Nsp BBl SRS DR Sued Borussapitripice
surfade RV tidy i 208, DB Gh& eheSéanftREBntigved iRy the same manner as the

pressurlzatlon due to the outward expansi on of the
base ripe dascralded|abovq vsedin eheasinedle B HRted M F1G.Re assenbl y

200 can i nclude another tube that is p03|t|oned

ppr [

006 RIS YR ASRIBESLANTLL IR by RO
1nward\ly€ﬂf thdacdedictl @02 aaderehds lsnglflﬁhtmlllyemsxiardlg fioeathbh ddse ifg 208

desi red, f t or th can be dinth
to an W& 0F s 4 J[ cgni type {2 ﬁ fZl@felSa%e?}F (@i} foDjcap apsembly 213
posm&!ﬁetd% Th ﬂﬁ}gér%@ctlo[nq{ﬂl@ as@}ﬁﬁytﬂ)@ qan @lfs?ta@erﬁént M8l i@benerally
conposition has been delivered, the tube is
configirgbwdho ffmeamdnwa s descgb@ti atwot ot the tgsemhly efddenB) and includes a

water AR gl ef v RO Rt MR Brhatenlg e
assem@lyspl acenent tube 210 and the col | apsible inner nold

nenber 216, and then passes over the top edge of the

ol I apsi bl e i nner
[0068] A collapsible inner mold member 216 is radially interposed between the metal

shell 202 and the displacement tube 210. The collapsible inner mold member is configured in
the same manner as described above for the assembly illustrated in FIG. 2, and is provided to
form together with the metal shell a mold chamber or cavity 218 for receiving and casting a
concrete or mortar composition therein. Upper and lower reinforcing rings or bands 220 and

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

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

with an outside diameter section of the collapsible inner mold member, forms a pouring
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nol d menber and enters the pour cavity 228 where it
operates to pressurize the concrete or nortar

W@o0mas49r4 on. The wat er pressure operates to iPQEDES2089/039091
desired stressing pressure on the concrete or nortar

) iti t hat. t ts t to t.h tal shell
cavity SRR el e ok 220 hieRe i e OB b pr g2 MERiashOS
down{)vhlld%sio" REBG: 'vvnth%h%uts?de uBRLO £ thé @i)llefbsibhé Mﬁ&r @b ﬁ%nernber 216 to

anot’her exanpl e assenbly 100 useful for naking the
limit ipggpial mosewertdanoe thei nrbsstigecapiingipoptses not ed above.
Unli ke the exanpl e assenbly |IIustrated |n FIGS. 2 and

0070, BB 4 Rat 2%, FELDOZRLA gk AOo Rlesh8 g o
The tcfp N@l alssdili&ﬂjbel.% 1s®os@10ned5lo‘h=lr aldsaltep ring stithargbag: $he|ix11£1ﬂac€ement tube
that i s capabl e _of Dbej n% used tq both f
t

210. ifh%tqplrfé‘g descabhpretlenclyres Bl fgi3eithatpaet thioughg Qiging that
exten&’sot'ﬂde%E afl Ql??é}ra%ﬁ HF ﬁn %4 Mlga[ AR gﬁrﬁrlar@ﬂ% 53h35ftllle§top cap

r emov om t he co cret I ner once the PCSP I
assentbbyr Wedtolfycihatothe dgliveheof thie icomdrete op amstiao norpp@s;tmmrlata the pouring

.. chanber 007 The nake use of .
cavity AR 2R PEorb PR Azl TS IL e 236 cREigt 8 St iEhod
connclioPRRPBEL iR §@§‘&1¥ﬂe‘1’1€w§tﬁﬁ sBeb1 S Attt §hRbltaediSery deice, such

shel |l and ends can he sane as that disclosed above

as pipangcbrith¢ likse. rlata@dzxamplEl m@odznqﬁdth@ fillanbeairuheare dizseer dfrapout 4

1nchesag%j fagﬂﬁﬁpiégu%&elgg g%p/otut%%%% é)lbe ﬁ%ln]g%ﬁet %emg ar coranmgion
theretBioughMeseiahipld dmid Mentathcasiy sdptRschBIgel 8and HRttop Sing 224 are
si zed and shaped to acconmmpdate a seahgﬁ%lnenber 112

combingg pp fvefdse tognther slpmensetdhe gven aamplanidiedS Isur f ace of
the end 106. The base ring also includes an inside

i a ' t: ] t
100715 2 oRlcep 287 MOl 3 10t Bp BN AE Sl ARCDTRAY Boer
annularhrérged 3. thﬁl(h?éi bpatoeapasendriixed tdgBhel by tgheset plaeh.udes tep cap

chani s n ing and formn seal wth a wal
assemﬁ@h@@&f od Ingp a%?%&gﬁa%a GBI Rl T e 2 Eai‘qr%)rﬁaps
assem‘B[}pl‘é ihdRdn] g'lhc% I tlfleolﬁﬁ‘o?fa I6ck$EPeibBR 3R §1dhhatk shep rlng and the
configure it wthin a groove 120 di sposed al ong a

like. trom exampdecemipfdimbe, thed@ckamgjmtamb@r 338 s ewpapaiyhgythat is placed into
lo cke(:fll t@ésélltcl: n al@lr gtkgtgger%l%?rﬁ dgl#hgg 2§ %8 fﬁi?s‘rggse?loaqqﬂa%t ﬁtgaﬁcg?agggtgw Se0 5 the end
ring 2PQhithéhad @f theRisphRbheiEihRer10.att aching and sealing it

to the base ring. A sealing nenber 124 may be used if

necessary to ensure a desired seal between the wal
[0072he nbEie mptgriply asqshiedorm pl of the elements noted above for the assembly 200

can be the same as those used to form the same elements noted above for the assembly 30

illustrated in FIG. 2.

[0073] Configured in this manner, the assembly 200 is operated in the following manner
to form PCSP. When compared to the assembly of FIG. 2, the assembly illustrated in FIG. 3
permits for the top cap assembly 213 to be placed and locked into position prior to delivering
the concrete or mortar composition into the assembly. A desired volume of concrete or
mortar composition is then delivered, e.g., poured or pumped, into the assembly by way of

the fill tube, filling the chamber 218 and at least a portion of the chamber 228.
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[0079] Moving to the top of the assenbly 100, a top

ring 126 conprises an outer section 128 that is
w@omptz®med over a portion of the end 104, andpOmMESmN9I/039091

nore annul ar sealing nmenbers 130 are positioned within

espective groaves 132 disposed circynferenti gl .
10074] o UMD EhTa0H Saenfig o td oo G o ok TR Epd in FIG. 2,
the conBetd G ndredd-coipBsitiOP filli 1] £26ddsed $HREcAEHOVERARY end 204 to
section 134 that is positioned against a top section

accounB®r theadrop & eomareesuetice b vehdirdigypesaueratinn, dugiie theagitward

Th i.spl b ds 1. i t.udi nal,l
cronf 38 BRI o BRS-FHEB BRAL St B e

anoth&aOb&at is @akitiyndduprslimaely 190edepedel fivBihe fillltlBes, ahdl€hat can be
top section 136 includes a groove 140 havi ng an

used agripebasvation by fondatsepiningowhiensthe dedrodreperis suHage level is
| | . .1:

s B 5 T P LR O b AR e

accurdtbilltloy] deetrminatidty a suitabl e attachnent nechani sm

144, depending on the type of material that is

[0075? (ﬁlee tc%dth{:rg(%quag pgr‘cﬁa%&oa@pm' lsitﬁ%ﬂ%g {)&iaeéllrcrﬁli%?r%gﬁt g I%1tll tfl‘tt]eaits closed
off an8vaR¢rQBIéGe LPInRAER hsschibey Atd RRNAEMet RS RAN ISR PELsir®. The
attach the sane to the top section can be a signode

pressuizedpvatar fillaghd drioglar pack Hetveeeh ehadisidacsnsotitubh 2d 0 pidthe

collr bt SPGB 2B R SR i GG Natpsivie inner

mold hiRmbsesid icrd e oS Baity TR 8Gatitr &R Gpidatds ty pcysudRp etctioRdrete or
on the type of material and/or structure that is used

mortaf oPRYHIQTh el heamater IeySUEQNeELes tojiMPIeer doyied Stidsding prassure on
- . : R L

e ol RS AR Sy PUYL A8 DL I ARyl

mannér degeriicd@batd fae firentenidg idnirard inalG.e different from

those al ready descri bed. However, the function of the
ame_is generally to both faciljtate at hnment o :
[00763@ | Pl Ay tRaatolor ?i‘é‘n]Péf‘sﬁé@”fl%’]\Yg 0B aeiubl }%Iﬂ? beSp in
accor&dngg WIRTREprin@fds AbS@alblRcS Vlite hd BARBIe atsg‘éhblmilﬁﬁs:i?a‘?eﬁﬁn

and or elimnates any unwanted | eakage of matérial on
FIGS & intdhithat ingidee oife o Hiecalkabbibleamie molfl 008 ajsemblysemidampite

) emhodi n ato eal ,cap 148 is [,ded the to )

ituserg 3 K S e aRP T Rl R Sk on REHGS 4 FBrbBs AP or he fike

that is€o6paBIE 61 BETR HidARO thoth f3em tHRPinSida diadReer b 8hd doBbreeteined during the
filltube (as shown in the assenbly illustrated in FIG

pouriig) andmaessusetcapidng Rragesagidthes ivimoyage fiiom thelcpyeetierigieponce the
pcspd§ fdrl?nt%ﬁ b\}?&ﬂ&@r%%gihet N CONGRES € pRs O @lan®RIPEST i ON
into e’ assennty.

[0077] The assembly 100 makes use of a metal shell 102 and ends 104 and 106 that are
attached at opposed respective top and bottom shell ends. The shell and ends can be the same
as that disclosed above and illustrated in FIGS. 2 and 3. An annular base ring 108 is
positioned at the bottom of the assembly 100 and comprises a groove 110 positioned
circumferentially along an outside diameter that is sized and shaped to accommodate a
sealing member 112 therein for forming a seal with an inside surface of the end 106. The
base ring also includes an inside diameter section 114 that is configured to accommodate

placement of a displacement tube bottom end therein.
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[0082] The assenbly 100 illustrated in FIG 4 is used

to forma PCSP in the foll owi ng manner. Once a desired
woodounme9ef the concrete or nortar conposition PGT/US2009/039091

poured, punped or otherw se delivered into the nold

avi or cha a desi veI wWi.t hi )
007855 bR SBE TE Brrtie insidly  Tisbam T netubd i Bgming a seal
with d \K}aH: AREIL8E €16 UnfAGRammBNeImUdHIrhd, tRE @RSHHiFAL RBYidéd th the form
the concrete or nortar fill source is sealed off,

of a sgl eigg U1l B e 1smmégureé ¢ fit wibugegropyr B0t disposedelaut 9 tapogirface of
the rn%sif anlgg[ﬁ%t 1I ten(l:o%\a/l Iattta8 nabgﬁ i ft?ef T“ilé) E}/ s\g({) Léraﬁd R 04 eetilgsol 22.

The s€lil $ipQ Sﬁébﬂﬂghfbdl’to theigk Qn chil Partibadf tl[eQQﬁBﬂnehfbelQ @ﬁachmg and
enbodi nent of the assenbly 100, the wall nenber 116 is
scaling itfg 4k basc FaeH éy sca lipghmgBIbain] 24 ra%a: beraseddf pycaspdBr tognsyge

desircdiskfl b%{l;&%%'?tﬁ%g,tﬁﬁ Mb\éf leé 'bﬁ annul ar chamber or

cavil t ed With a deS|red vol une of
fluid such as water. As the water pressure in the nold
[0079¢ handdering 50 thiesop nEthe mmtﬂy) 1@0, desp ringl 1@ vahpridchen watee section

ressure in the annul 1 i Nncreases
128 1R R kPt Sromaans S el FiGots Gmals chaviir sealing
memb¥es TRRre hOJiGEhSyi%S Fés?@ictfv@ gtdRcvatl JRFSERE Elréﬁrﬁf%lré‘ntlhﬂy around

t hi s enmbodi ment since fluid in the bl adder, i.e
the engeltdd o ps)vudm«rplr‘egh tlisi @ter[se@&tq 128n Télnmm@ng Ebodludenan inner

sectloﬁr:llfi%gt} gsfriore.?l gg%agall%séra é?pa§e§ 1?)1? Egg{i]ﬁg{s cRg%ec eéia}ﬂ the élsﬁiacement

tube 1B38S M ARPhcERBRQADI dxe@idh YoritQuimal 1y ’B&w@bﬁﬂie&ﬁ@d’ﬁ&ﬁg and the top
tube. In this enbodinment, prior to casting

sectiop ga¢ seasitioppd concretrigphyinaerdly aﬁﬁ)@rwqikm@@bmt 1)/1 61 ghhe top section
136 ifRldRL b I@%o@g H%6 %QVIPF Elll ghﬁﬁéras%aﬂfg\'}g%ﬁﬁ}&el 4%39%13% Qeed rﬁ{&%ﬁl ﬂhﬁt

pressuri ze such as

pﬂnm&%paﬁﬁﬁdh%lﬁﬁﬁhﬂm&spdhgnnﬁh&mpbﬁﬂsmrIng fluid MAthln
the cavity 152 is seal ed off and pressurized water is
descr.i bed

intr duce n er 150 a
lﬂﬂsﬂllbov et%algmégﬁoa% Lpéilag{ta‘i tQ: dPRpestign %m SELbl§ ptfpghment
mechd 38344, TREMBEEEn HQFRUS EndtBRL1 thet 1§§%tédqopﬁ§sa%QH@wall

cast the concrete or nortar conposition in th
membenbbtherevnt gzt el Walhmemh@f id preatidednin ¢ic fohm o re sblsmoenerlc bladder,

cast i ocess t hat .descrj bed
the R P e LT Rel IR P RETe R ety TR B8 bFappag st or
the lidU Tt B0 b hﬁda%t@&ﬁthﬁﬁth@ agddt BghcRAGE Senfidulfionifehic attachment

pressurlzes the concrete or nortar COﬁpOSItIOﬂ whi ch
mechgyyiyg gadetojagtach the wall member 116 to the top section and base ring can and will
vary depending on the type of material and/or structure that is used to form the same. For
example, in the event that the wall member 116 is provided in the form of a rigid but
expandable material such as a fiberglass pipe or the like, the attachment mechanisms may be
different from those already described. However, the function of the same is generally to
both facilitate attachment of the wall member ends to the respective top section and ring

member, and also do so in a manner that minimizes and or eliminates any unwanted leakage

of material on either side of the wall member.

[0081] In an example embodiment, a top seal cap 148 is welded to the top ring 128 to seal

off the mold assembly. In such an example embodiment, the top seal cap 148 includes a fill
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transmtted to the netal shell causing the shell to be
stressed and extend outwardly a desired anount. [0086]

wonme/1849e4 desi gnat ed duration of tinme has passedr/usives 039091
wat er pressure within the nold chanber 150 is

tube (k5B BN B am DY AT T LG DBt s Tty B 48 for
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manny. A GRS T BRthelfic blRF L8l AT S0 BhPSd s paGrA Miped or
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mortaf BEDRS R U eV aias Eiapaiesy 20 HEraas iGhene 125,

according to the process methods noted above for a

[0083pPer | hr@fenABRMMAL BRES aYsebBRY) (R tho2#a N aldkiber 81d RWpAGsive
t he concrete or nortar COﬁpOSItIOﬂ to set and

membicp pydhagsjag céastosneriprdaddenerrtbe ko pndibe ta@ﬁembdmmpmse@ A’ annular
cham‘tléeé g c&xatyf 1%r2rﬂl%t(%§f ﬁec? w1thh dsésured Gl nf it sugﬁ: as w. tel? As the

esi red-anmoun expansi ve a Ive or agen

watertph&sipy ipasendsif cﬁzﬁhbc&\/lISO gs MOrdaelrte a&iedlreﬂnldmr the fmtdr rpbk%@ure in
amount of %restress as the PCSP continues to cur
the angyler eayianld2dneresscs by RS VBaeastiph edseiheoéasie, dlsnli@ea@et fgpe. No

real fdg'@e %@@Hidr t%q 9@,(3 It e\ﬁﬁ)e‘f ?[Qel?{nstglg Elﬁﬁ)gdﬁi nft ncCHIE! fﬂﬁ’%ﬁfﬁe

rying s age that occurs e cure of
bbddaohe[eBErmnnmnmﬁamﬂﬂere and for creep in the concrete
or nortar caused by the conpressive stress applied to

[00843 he ]%)o@ggﬁlgt S i er{ltif ({fgﬂ%:%sgeerﬁﬁ ySl%pOt vl drﬁ%rﬁberﬂ 6 1s an actlve
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cham eggg I%%\fl%élnl neégs)t(l?lngg wee{1 22 ! Péeh%:%@?%%%%{? é)ki)pee is pressurized by

a fluid§iRh QX wakdr dnd tBOPipefis &W&ied'ﬁhﬁef plegase Tie RESEEHE Buid within
during the pressure cast process

the cavity 152 is sealed off, and pressurized water is introduced into the mold chamber 150 as

described above to pressure cast the concrete or mortar liner.

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

amount.

[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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reduces the steel stress in the PCSP to a val ue
substantially bel ow 90% of SMYS. At this point, the
w@e@saswes of an expansi ve agent in the concretBCDUS2009/039091

nortar conposition can apply nore stress to the stee

to offset t | osses from creep and shri.nka W t hou
morta it TFo s VR © CHB G Coni O o HeaRas smetes oF he
concr&¥ RARRI YL 1iRG 26 Hecrbkse d The Fluldhih $hPMHR S 8hd1AYE 132 G bsth

time frominitial concrete cure that allows the '
embodigivatsatoged abog@ts therf fdlfta's@hnhmg@ﬁpm ERUSIn th@ hladderapjone embodiment

and tlf%r 1 t r a(lejsssi)lrpn %tilhreeqn‘tl)oﬁb %18 (? F;%n 1ratc£1 ?e df?sgs f‘raol% ?h)?) inside
dlamdtéi%f@h%pcaﬂéd otﬁlcfdt)@@lflﬁbﬂarﬂdﬂﬁ th@ebnenadlifetenvabdf @S So-formed
hout taking the steel beyond t he design yield. The

PCSPchQ;@ ghezaseenellyi dge @%fsmhlya@@nﬁng aregbengisagperabled ped félieﬁ@%ultmg
PCSP' Sn HE TG %E% %%BS SM fhe %&%hib@?%er&ﬁ o il ﬁ%ﬁed in FIGS.

two opposing e fset eac after t
2 andi3s pressure cast.[0089] Sui t abl e expansi ve agents
useful for this purpose include those avai | abl e under

he rod onent fr
10087} PR OB h NS ORISR e FETER A HBebbaE 2o
pressd%'é ¥h QiR CheCAs§8Rb lick An@ Be RYARP tthe PRRLI BB hodd fed above for a

ﬁan3|ve aagnt can conprise up to about 15 or 20
perlOtb@ appraxiigteyyel gt oro¥ hohies, eBoreing thoemoréner megar dompokigion to set
and 1 1 fr oL S R O&Frei\%or&%%?{s%oa]@to%gﬁ% 1lilsgﬁgor f L8 &ﬁoﬁf t@1g Yavention

can m@ﬂMe aw@mm&fﬁn ofdttleWahdivey @dditivteqendhtTor 6 parpw@‘@ﬁachlevmg
of factors such as the materials used to formthe

an incpgaged andier RGNSVt dleRIYFesE pY the PR Poatipeasto pwigang and
after 19355%1%5 %ferir%uré‘ﬁ%tt fﬁ%e%ﬁgaﬁa??&;‘aﬁé&&%dn% cakoaﬁ’s%% 1{%@3 curing

odi ment e cas ressure 1s se

and d@ﬁng&%’ﬁkﬁgﬁ’ thig ccuirs@luring) ehel duird d)fétlhe PORBEE ©5 Flongr Cﬁre th@for creep
concrete core is reduced by cure shrink %ge of th
in the cgpEpig108 MAtay c#t§ed RY FRICQgWTEFIVE RECHRBHKL © tht e@cafrt% dper from

the stddf c%lhﬁih{:o”ﬁﬁ{]gstef%g 'tlilé"%i)aﬁ’éwe &dqSle dh FE%PSpI tgl?ﬁeﬁ?co QEiﬁI%,X%lﬁ'n

suc sign stress pos
prestresseval the yoricnale rore and atetd) shelbattiod tavihichpoessunizdsuiessgn alid metal
estresszglaced onto,the concrete liner and e

shell %wgﬁ DPEETURG C4SHBE RIESSNE CPIIR@M 8Tt o t ensi on or

i ntroducing the possibility of a deleterious annul ar

[008892P RehWREMplchentoantiéf! i€ nlay M bepshsBIES deRirstle ffrefdre cast
operation. te that small annular gaps or tension in

aboverdppraxanete bt W% of aWoEpt Byl isleasrdofresseig dusing élitﬁz:mé$8@rea<r@@t process

reducgs t%? rsl e@lI dies 1%&& e??SIﬁ‘UYgé\g‘v%giQ Qu‘t%hgl?l%ll)p t#%o&z%e/sgf rY% nAt thlS

e stee avol e concre
pomt,CtH@bl@séiﬁe of an expansive agent in the concrete or mortar cornp051t10n can apply

more stress to the steel to offset the losses from creep and shrinkage, without over stressing
the steel. It is desired that the expansive agents used for this purpose have a delay time from
initial concrete cure that allows the concrete to set sufficiently to resist the steel prestressing
and then later (after the pressure is removed and the pipe removed from the mold assembly)
the expansive concrete adds to the steel prestress without taking the steel beyond the design
yield. The creep and drying shrinkage also occur after the pipe is removed from the pressure

casting mold, so these two opposing effects offset each other after the pipe is pressure cast.
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anchored to the steel pipe to prevent this annul ar

gap, thus placing the concrete liner in tension during
wopevasien. Al of these variants are possi bl epemusIoay 039091

be desirable for specific applications. [0091] In a

refer. enbodi nment crete or. rt lin
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applicatii¥er that is nore robust and not prone to sudden
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unwant ed corros
pressures. This allows all the allowable desrgn stress in the steel pipe to be used for resisting

internal pressure, while the liner and adjacent backfill support can be used to resist the buried
carth loads plus pipe and water weight. The amount of expansive agent required to achieve
the preferred embodiment will depend on the casting pressure, the creep factors, the
shrinkage factors and the desired operating stress in the steel pipe. The full design of the pipe
includes recoverable drying shrinkage. About 70% of the drying shrinkage is reversible
when the pipe is flooded with water and the concrete liner is allowed to reabsorb the lost
water during drying. This re-swelling of the concrete can be used as part of the net

prestressing of the concrete liner, including all the various losses and gains associated with
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envi ronnent or cathodic interference. Further, the
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pressure cast |lined steel pipe conprising: an annul ar

concrete or nortar liner form ng an insjide dianeter of

[0094] he %iilbﬁl;rthgr, RESEs capstiucted deeasding itq]@ru[icﬁ@leq; phige invention provide a

pipe structure that is very stiff during transport and installation. In conventional concrete
mortar lined steel pipe, the pipe is so flexible that stulling, wooden or metal supports inside
the pipe, is needed to prevent the pipe from excessive flexing, collapsing and or breaking the
liner. The thicker liner with the compression applied to the liner from the steel associated
with the PCSP makes the pipe very robust for transport and burial without the stulling, which
provides a further reduced expense when compared to conventional concrete lined steel pipe.
The equations presented above provide an example comparison of the pipe stiffness of

conventional steel pipe versus pressure cast steel pipe.
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wherein the liner is in direct contact with an inside

wal | surface of the netal shell, and wherein the liner
wo sophzwed in a state of conpression by the nmepel/Us2009/039091
shell. 2. The pipe as recited in claim1 wherein the

atiQ. of t |ck ess en the |liner,and the
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about 0.06 to 0.75 |nches, and the wall thickness of
the liner is in the range of fromabout 1.5 to 10
inches. 5. The pipe as recited in claim1l further
conprising a coating of dielectric material disposed
al ong an outside surface of the netal shell. 6. The
pipe as recited in claim1 wherein the concrete |iner
is formed in situ while an uncured concrete or nortar
conposition and the netal shell is pressurized to
place the liner into a state of conpression when the
liner is cured and the pressure is released. 7. A
pressure cast lined steel pipe conprising: an annul ar
concrete or nortar liner form ng an inside diameter of
the pipe; a nmetal shell surrounding the liner and
having a wall thickness of about 0.06 to .75 inches;
wherein the liner has a wall thickness that is about
10 to 50 tinmes that of the shell wall thickness,
wherein the liner is in direct contact wth an inside

wal | surface of the netal shell, and wherein the |iner
is placed in a state of conpression by the netal
shell. 8. A nethod for naking a pressure cast |ined

steel pipe conprising the steps of: delivering a

vol une of a concrete or nortar conposition into a nold
formed between a netal shell along an outside dianeter
and a novabl e core nenber al ong an inside di aneter;
subj ecting the conposition to a pressure force to
expand the netal shell;releasing the pressure force
after the concrete or nortar conposition has achi eved
a
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degree of cure to forma concrete or nortar |iner,
wherein the step of rel easing causes the netal shel

WO 0000pw3e a conpression force onto the |iner;Pemus2009/039091
renovi ng the novabl e core nenber from an inside

di ter.of the liner. 9. The nmethod as recited in
VthEFZEﬁPgiﬁherein the step of subjecting the concrete or

nortar conposition to a pressure force involves
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wheregiythe, lger 1 ndaseql dps pateeoficpgpeeshignBehe mafal shl. et hod as
recited in claim8 wherein the novable core nenber is
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the lincopnd thetmdta spelt miih thenpgadf fodmtaheutcol ® &f:t.er pressure
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fromthe group of materials consisting of

fiber-reinforced resin pi?e, pl.astic pi pe, and .
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es an expansive agent that wt e neta
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6. The pipe as recited in claim 1 wherein the concrete liner is formed in situ
while an uncured concrete or mortar composition and the metal shell is pressurized to place

the liner into a state of compression when the liner is cured and the pressure is released.

7. A pressure cast lined steel pipe comprising;:

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

a metal shell surrounding the liner and having a wall thickness of about 0.06 to .75
inches;

wherein the liner has a wall thickness that is about 10 to 50 times that of the shell wall
thickness, wherein the liner is in direct contact with an inside wall surface of the metal shell,

and wherein the liner is placed in a state of compression by the metal shell.

8. A method for making a pressure cast lined steel pipe comprising the steps of:
delivering a volume of a concrete or mortar composition into a mold formed between
a metal shell along an outside diameter and a movable core member along an inside diameter;

subjecting the composition to a pressure force to expand the metal shell;
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8 wherein the concrete or nortar liner is in direct

contact with an inside wall surface of the netal
web@bli39b® A pressure cast lined steel pipe MEBPET/US2009/039091

according to the nmethod recited in claim8 wherein the

B EreBint Fres e e PRl SERoren Bfvighioved
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steel pipe conprising: a cyllndrlcal nmet al shel
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top portlon of the netal shell; an inner nold nenber

posi t i @heehetlaicsntdiicdah binirh Bwatictkiy thaf stéphef sibjealingthelcbicrete or
an annul ar chanber forned between . the netal shell and
mortay AAEPOSRANHOREBEHICHTBFoC ARYUYRTSHRICF g HsW Pt AbthgcoRerete or mortar

oan %F QDL ﬁﬁlconp05|t|on therein; and neans for
ntroduc ng a f pressuri zi ng medi uminto the nol d

and onto a surface‘of‘the‘concrepe or nortar
cdfposilihe orthol saesedtihelagofpdsirtin ore prossexpain@uit hewater.
met al sheII' wherein the inner nold menber dianeter is

reduci t he osition has each

ador mi hea~aug eSaROTERRn 3 WherdR S SRRLEls re qupnber s
provid@RISe il fridsf beelabthetib ntdndici 20 wherein the fluid

pressurizing mediumis water. 22. The pressure cast

assenbhéras recited in claim20 further conprisin
dilpl ad@methad asdceriedin P@l%éﬂhﬁr%ﬁé@ BOYRLEEGE BN %yr is

prov1derdvi@rtﬁjel %nﬂn‘o If b IESlléﬂgﬁ)% ri IHGIHFQFb 23. The pressure

cast asse as recl t In c a|n120 wherein the fluid
pressurizing nmediumis disposed within an annul ar
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liner dnldWodtrikt &S péthdiZicRG VARSIt drs aABreXLARdaSing. t he same at
the surface of the concrete or nortar conposition as

within the annular fluid chanber.
14. The method as recited in claim 8 wherein the movable core member is

provided in the form of a high strength steel tube.

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

and combinations thereof,

16.  The method as recited in claim 8 wherein the concrete or mortar composition
includes an expansive agent that with the metal shell contributes to impose a compressive

force onto the liner.

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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25. The pressure cast assenbly as recited in claim20
further conprising sealing neans to contain the

W@ ooengtee4 or nortar conposition wthin the annedBIUS2009/039091
chanber during a pressurizing operation using the
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wall thigkedsapfiheetoghdiclli n surface of the concrete or nortar
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the concre?e oSr m a%rhcgrnposr} 1n %ohcearuse R composition to expand the metal shell;

wherein the inner mold member diameter is reducible once the composition has

reached a determined degree of cure.

21.  The pressure cast assembly as recited in claim 20 wherein the fluid

pressurizing medium is water.

22.  The pressure cast assembly as recited in claim 20 further comprising a

displacement tube that is positioned concentrically inwardly of the inner mold member.

23.  The pressure cast assembly as recited in claim 20 wherein the fluid
pressurizing medium is disposed within an annular fluid chamber formed between the

displacement tube and the inner mold member.

24. The pressure cast assembly as recited in claim 23 wherein the pressure of the
fluid pressurizing medium is approximately the same at the surface of the concrete or mortar

composition as within the annular fluid chamber.

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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27.  The pressure cast assembly as recited in claim 26 wherein surface of the
concrete or mortar composition before being pressurized is disposed above an end of the

metal shell and is positioned within the top ring.

28. The pressure cast assembly as recited in claim 20 wherein the annular chamber

is oriented vertically.

29.  The pressure cast assembly as recited in claim 20 wherein the inner mold
member is a rigid cylindrical member having opposed longitudinal edges that are movably

controlled to reduce the member diameter.

30.  The pressure cast assembly as recited in claim 20 wherein the inner mold

member is an elastomeric member.

31.  The pressure cast assembly as recited in claim 20 wherein the inner mold
member is a rigid cylindrical member that can expand and contract a sufficient amount to

permit forming the liner and releasing the liner therefrom.
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