
DISUBSTITUTED PHTHALAZINE HEDGEHOG PATHWAY ANTAGONISTS
The present invention relates to Hedgehog pathway
antagonists and, more specifically, to novel
disubstituted phthalazines and therapeutic use
thereof. The Hedgehog (Hh) signaling pathway plays an
important role in embryonic pattern formation and
adult tissue maintenance by directing cell
differentiation and proliferation. The Hedgehog (Hh)
protein family, which includes Sonic Hedgehog (Shh),
Indian Hedgehog (Ihh), and Desert Hedgehog (Dhh) are
secreted glycoproteins that undergo posttranslational
modifications, including autocatalytic cleavage and
coupling of cholesterol to the amino-terminal peptide
to form the fragment that possesses signaling
activity. Hh binds to the twelve-pass transmembrane
protein Ptch (Ptchl and Ptch2), thereby alleviating
Ptch-mediated suppression of Smoothened (Smo). Smo
activation triggers a series of intracellular events
culminating in the stabilization of the GIi
transcription factors (GIi 1, Gli2, and Gli3) and the
expression of Gli-dependent genes that are responsible
for cell proliferation, cell survival, angiogenesis
and invasion. Hh signaling has recently attracted
considerable interest based on the discovery that
aberrant activation of Shh signaling leads to the
formation of various tumors, e.g., pancreatic cancer,
medulloblastoma, basal cell carcinoma, small cell lung
cancer, and prostate cancer Several Hh antagonists
have been reported in the art, such as the steroidal
alkaloid compound IP-609; the aminoproline compound
CUR61414; and the 2,4-disubstituted thiazole compound
JKl 8. WO2005033288 discloses certain 1,4-
disubstituted phthalazine compounds asserted to be
hedgehog antagonists. There still exists a need for
potent hedgehog pathway inhibitors, particularly those
having desirable pharmacodynamic, pharmacokinetic and
toxicology profiles. The present invention provides
novel 1,4-disubstitutcd phthalazines that arc potent
antagonists of this pathway. The present invention
provides a compound of Formula I :Formula I wherein R1
is hydrogen, fluoro, cyano, tpfluoromethyl, methoxy or
tpfluoromethoxy; R2 is hydrogen or methyl; and R3, R4,
R5, R6 and R7 are independently hydrogen, chloro,
fluoro, cyano, trifluoromethyl or trifluoromethoxy,
provided that at least two of R3, R4, R5, R6 and R7
are hydrogen; or a pharmaceutically acceptable salt
thereof. 



It will be understood by the skilled artisan that the
compounds of the present invention comprise a tertiary
amine moiety and are capable of reaction with a number
of inorganic and organic acids to form
pharmaceutically acceptable acid addition salts. Such
pharmaceutically acceptable acid addition salts and
common methodology for preparing them are well known
in the art. See, e.g., P. Stahl, et al., HANDBOOK OF
PHARMACEUTICAL SALTS. PROPERTIES, SELECTION AND USE,
(VCHA/Wiley- VCH, 2002); S.M. Berge, et al.,
"Pharmaceutical Salts, " Journal of Pharmaceutical
Sciences, VoI 66, No. 1, January 1977. Specific
embodiments of the invention include a compound of
Formula I, or a pharmaceutically acceptable salt
thereof, wherein: (a) R1 is hydrogen; (b) R1 is
fluoro; (c) R2 is hydrogen; (d) R2 is methyl; (e) R3
is chloro, fluoro, trifluoromethyl, or
trifluoromethoxy; (f) R5 is fluoro, trifluoromethoxy,
or trifluoromethyl; (g) R1 is hydrogen, and R2 is
hydrogen; (h) R1 is fluoro, and R2 is hydrogen; (i) R1
is hydrogen, and R2 is methyl; (j) R1 is fluoro and R2
is methyl; (k) R1 is hydrogen and R3 is chloro,
fluoro, trifluoromethyl, or trifluoromethoxy; (1) R1
is fluoro and R3 is chloro, fluoro, trifluoromethyl,
or trifluoromethoxy,(m) R2 is hydrogen and R3 is
chloro, fluoro, trifluoromethyl, or trifluoromethoxy;
(n) R2 is methyl and R3 is chloro, fluoro,
trifluoromethyl or tpfluoromethoxy; (o) R1 is hydrogen
and R5 is fluoro, trifluoromethoxy, or
trifluoromethyl; (p) R1 is fluoro and R5 is fluoro,
trifluoromethoxy, or trifluoromethyl; (q) R2 is
hydrogen and R5 is fluoro, trifluoromethoxy, or
trifluoromethyl; (r) R2 is methyl and R5 is fluoro,
trifluoromethoxy, or trifluoromethyl; (s) R3 is
chloro, fluoro, trifluoromethyl or trifluoromethoxy
and R5 is fluoro, trifluoromethoxy, or
trifluoromethyl; (t) R1 is hydrogen, R2 is hydrogen,
and R3 is chloro, fluoro, trifluoromethyl, or
trifluoromethoxy; 



(u) R1 is hydrogen, R2 is methyl, and R3 is chloro,
fluoro, trifluoromethyl, or trifluoromethoxy; (v) R1
is fluoro, R2 is hydrogen, and R3 is chloro, fluoro,
trifluoromethyl, or trifluoromethoxy; (w) R1 is
fluoro, R2 is methyl, and R is chloro, fluoro,
trifluoromethyl, or trifluoromethoxy; (x) R1 is
hydrogen, R2 is hydrogen, and R5 is fluoro,
trifluoromethyl, or trifluoromethoxy; (y) R1 is
hydrogen, R2 is methyl, and R5 is fluoro,
tnfluoromethyl, or trifluoromethoxy; (z) R1 is fluoro,
R2 is hydrogen, and R5 is fluoro, tnfluoromethyl, or
trifluoromethoxy; (aa) R1 is fluoro, R2 is methyl, and
R5 is fluoro, trifluoromethyl, or trifluoromethoxy;
(bb) R1 is hydrogen, R2 is hydrogen, R3 is chloro,
fluoro, trifluoromethyl, or trifluoromethoxy and R5 is
fluoro, trifluoromethyl, or trifluoromethoxy; (cc) R1
is hydrogen, R2 is methyl, R3 is chloro, fluoro,
trifluoromethyl, or trifluoromethoxy, and R5 is
fluoro, trifluoromethyl, or trifluoromethoxy; (dd) R1
is fluoro, R2 is hydrogen, R3 is chloro, fluoro,
trifluoromethyl, or trifluoromethoxy, and R5 is
fluoro, trifluoromethyl, or trifluoromethoxy,(ee) R1
is fluoro, R2 is methyl, R3 is chloro, fluoro,
trifluoromethyl, or trifluoromethoxy, and R5 is
fluoro, trifluoromethyl, or trifluoromethoxy, (ff) R1
is hydrogen, R2 is hydrogen, R3 is trifluoromethyl,
and Rs is fluoro, (gg) R1 is fluoro, R2 is hydrogen,
R3 is trifluoromethyl, and R5 is fluoro, (hh) R1 is
hydrogen, R2 is methyl, R3 is tpfluoromethyl, and R5
is fluoro, (ii) R1 is fluoro, R2 is methyl, R3 is
tpfluoromethyl, and R5 is fluoro, (jj) three of R3,
R4, R5, R6 and R7 are hydrogen; and (kk) four ofR 3,
R4, R5, R6 and R7 are hydrogen. The present invention
also provides a pharmaceutical composition comprising
a compound of Formula I, or a pharmaceutically
acceptable salt thereof, in combination with a
pharmaceutically acceptable excipient, carrier or
diluent. The compounds of the present invention are
preferably formulated as pharmaceutical compositions
administered by a variety of routes Preferably, such
compositions are for oral or intravenous
administration Such pharmaceutical 



compositions and processes for preparing them are well
known in the art. See, e g., REMINGTON THE SCIENCE AND
PRACTICE OF PHARMACY (A. Gennaro, et al. , eds., 19t h
ed., Mack Publishing Co., 1995). The present invennon
also provides a method of treating medulloblastoma,
basal cell carcinoma, esophagus cancer, gastric
cancer, pancreatic cancer, biliary tract cancer,
prostate cancer, breast cancer, small cell lung
cancer, non-small cell lung cancer, B-cell lymphoma,
multiple myeloma, ovarian cancer, colorectal cancer,
liver cancer, kidney cancer or melanoma in a mammal
comprising administering to a mammal in need of such
treatment an effective amount of a compound of Formula
I, or a pharmaceutically acceptable salt thereof It
will be understood that the amount of the compound
actually administered will be determined by a
physician under the relevant circumstances, including
the condition to be treated, the chosen route of
administration, the actual compound or compounds
administered, the age, weight, and response of the
individual patient, and the seventy of the patient's
symptoms Dosages per day normally fall within the
range of about 0.1 to about 10 mg/kg of body weight.
In some instances dosage levels below the lower limit
of the aforesaid range may be more than adequate,
while in other cases still larger doses maybe
employed. Therefore, the above dosage range is not
intended to limit the scope of the invention in any
way. This invention also provides a compound of
Formula I, or a pharmaceutically acceptable salt
thereof, for use as a medicament. Additionally, this
invention provides use of a compound of Formula I, or
a pharmaceutically acceptable salt thereof, in the
manufacture of a medicament for treating cancer. In
particular, these cancers are selected from the group
consisting of medulloblastoma, basal cell carcinoma,
esophagus cancer, gastric cancer, pancreatic cancer,
biliary tract cancer, prostate cancer, breast cancer,
small cell lung cancer, nonsmall cell lung cancer,
B-cell lymphoma, multiple myeloma, ovarian cancer,
colorectal cancer, liver cancer, kidney cancer and
melanoma. Furthermore, this invention provides a
pharmaceutical composition comprising a compound of
Formula I, or a pharmaceutically acceptable salt
thereof, as an active ingredient for treating
medulloblastoma, basal cell carcinoma, esophagus
cancer, gastric cancer, pancreatic cancer, biliary
tract cancer, prostate cancer, breast cancer, small
cell lung cancer, non-small cell lung cancer, B-cell
lymphoma, multiple myeloma, ovarian cancer, colorectal
cancer, liver cancer, kidney cancer or melanoma. As
used herein, the following terms have the meanings
indicated: "Et2q " refers to 



diethyl ether; "DMF" refers to dimethylformamide;
"DMSO" refers to dimethylsulfoxide; "TFA" refers to
trifluoroacetic acid; "boc" or "t-boc" refers to
tert-butoxycarbonyl; "SCX" refers to strong cation
exchange; "PyBOP" refers to benzotpazol-1-
yloxytppyrrohdino-phosphonium hexafluorophosphate;
"prep" refers to preparation; "ex" refers to example;
and "IC50" refers to the concentration of an agent
that produces 50% of the maximal inhibitory response
possible for that agent.-6- Scheme 1 A compound of
Formula I can be prepared in accordance with reactions
as depicted in Scheme 1. A 1-chloro substituted
phthalazine (2) is reacted with a 4-amino boc
protected piperidine (3a) in a nucleophilic aromatic
substitution (SNAr) to provide a piperidine
substituted phthalazine of formula (4). For example,
the chloride (2) can be reacted with the piperidine of
formula (3a) in a dipolar aprotic solvent such as DMF
or DMSO, in the presence of an organic base such as
triethylamine or inorganic base such as potassium
carbonate and heated to 100-140 C. Amine
functionality, such as that present in the piperidinyl
phthalazine of formula (4), can be deprotected and
further reacted to give additional compounds of the
invention. Methods for introducing and removing
nitrogen and oxygen protecting groups are well known
in the art (see, e.g., Greene and Wuts, Protective
Groups in Organic Synthesis. 3rd Ed., John Wiley and
Sons, New York, (1999)). For example, boc deprotection
of the amino piperidinyl phthalazine of formula (4)
can be accomplished under acidicconditions, such as
hydrogen chloride or trifluoroacetic acid.
Alternatively, HCl can be generated in situ by
dropwise addition of acetyl chloride to a solution of
an alcohol solvent such as methanol in toluene at 0-20
C followed by the addition of a compound of formula
(4) and heating the solution to 30-60 C to give a
compound of formula (5). It will be obvious to one
skilled in the art that a compound of formula (5) can
be isolated as a salt such as the hydrochloride amine
salt and carried on to Step 3 or transformed to the
free amine using an inorganic base such as potassium
carbonate. The 4-amino piperidine can be acylated
using a substituted benzoyl chloride in an inert
solvent such as dichloromethane or dioxane and a base
such as triethylamine or pyridine to give an amide
compound of Formula I . Alternatively, a compound of
formula (5) can be acylated using a substituted
benzoic acid with an appropriate coupling reagent such
as PyBOP and an appropriate base such as triethylamine
in an inert solvent such as dichloromethane or using
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride and 1- 



hydroxybenzotriazole in a dipolar aprotic solvent such
as DMF. Alternatively, a 1-chloro substituted
phthalazine (2) is reacted with an Npiperidine-
4-yl-benzamide of formula (3b) in a nucleophilic
aromatic substitution (SNAr) as previously described
for Step Ia to directly give a compound of Formula I.
For example, the chloride (2) can be reacted in a
dipolar aprotic solvent such as DMF or DMSO, with a
N-piperidine-4-yl-benzamide of formula (3b), in the
presence of a base such as tpethylamine and heated to
80-140 C to give an amide of Formula I. It will be
appreciated by the skilled artisan that compounds of
formula (2) in Scheme 1 are commercially available or
can be readily prepared by methods similar to those
described herein or by using procedures that are
established in the art. For example, a
2-phenylcarbonyl benzoic acid, generated from a
Grignard reaction of a phenyl bromide with phthalic
anhydride, can be cychzcd with hydrazine to give a
4-phenyl-2Hphthalazin- 1-one. Subsequent treatment
with phosphorous oxychloride provides the 1-
chloro-4-phenyl-phthalazinc of formula (2).
Alternatively, 1,4-dichlorophthalazinc can be reacted
with a phenyl boronic acid in a Suzuki cross-coupling
reaction to give the corresponding
l-chloro-4-phenyl-phthalazine of formula (2).Scheme 2
A compound of Formula I can be prepared in accordance
with reactions as depicted in Scheme 2. In Step 1, a
1,4-dichlorophthalazine (6) can be reacted with a 4-
amino boc protected piperidine (3a) in a dipolar
aprotic solvent such as Nmethylpyrrolidone or DMSO
with an appropriate base such as potassium carbonate
or triethylamine. The mixture is heated at 70-95 C to
give a compound of formula (7). In one method, shown
in Step 5, a compound of formula (7) can be
deprotected and subsequently acylated at the amine in
Step 6 using a substituted benzoyl chloride in an
inert solvent such as dichloromethane, with a base
such as triethylamine to give an amideI of formula (9)
Alternatively, a compound of formula (7) can be
acylated using a substituted phenyl carboxyhc acid and
an appropriate coupling reagent such as PyBOP and a
suitable base such as tpethylamine in an inert solvent
such as dichloromethane at room temperature or using
1-hydroxybenzotriazole and
l-(3-dimethylaminopropyl)-3- ethylcarbodiimide
hydrochloride with an appropriate solvent such as DMF
In Step 7, the phthalazinyl chloride of formula (9) is
reacted with a phenylboronic acid under Suzuki-
Miyaura cross coupling conditions The skilled artisan
will recognize that there are a variety of conditions
useful for facilitating such cross-coupling reactions
The reaction conditions make use of a suitable solvent
such as dioxane/water The reaction is accomplished in
the presence of a base such as potassium phosphate
tribasic 



monohydrate, sodium carbonate, potassium carbonate, or
cesium carbonate The reaction takes place in the
presence of a palladium catalyst such as
tps(dibenzylideneacetone)dipalladium (O) with
tpcyclohexylphosphine or (SP-4-1)- bis[bis(
1,1-dimethylethyl)(4-methoxyphenyl)phosphine-
kP]dichloro-palladium (prepared according to the
synthesis of catalyst D in J Org Chem 2007, 72,
5104-51 12) under an inert atmosphere at a temperature
of about 80-160 C to give a compound of Formula I
Alternatively, the phthalazinyl chlopde of formula (7)
can be initially coupled with a phenyl boronic acid as
shown in Step 2 under Suzuki-Miyaura conditions as
described previously to give a phenylphthalazine of
formula (4) In Step 3, a compound of formula (4) can
be deprotected and then acylated as shown in Step 4 at
the amine using a substituted benzoyl chlopde or
phenyl carboxyhc acid as described previously to give
a compound of Formula I The following Preparations and
Examples are provided to illustrate the invention in
further detail and represent typical syntheses of the
compounds of Formula I The names of the compounds of
the present invention are generally provided by
ChemDraw Ultra(r) 10 0 Preparation 1
{1-[4-(4-Fluoro-phenyl)phthalazin-
1-yl]-pipendin-4-yl} -methyl-carbamic acid tert-butyl
esterAdd 1-chloro-4-(4-fluorophenyl)-phthalazine (3
.00 g, 11 6 mmol) to a solution of
methyl-piperidin-4-yl-carbamic acid tert-butyl ester
(2.98 g, 13.9 mmol) and tpethylamine (3 52 g, 34.8
mmol) in DMF (30 mL). Heat at 130 C for 3 days
Dissolve the reaction mixture in dichloromethane and
wash with brine. Dry the organic phase with sodium
sulfate, filter, and concentrate under reduced
pressure. Purify the resulting residue by flash
chromatography (20.5.1, hexane ethyl acetate.2 M
ammonia in methanol) to yield the title compound as a
solid (4.45 g, 88%) ES/MS m/z 437 2 (M+ 1). Alternate
procedure: Combine methyl-pipendin-4-yl-carbamic acid
?er/-butyl ester (75 g, 349 mmol),
l-chloro-4-(4-fluoro-phenyl)-phthalazine (75 g, 289
mmol), and potassium carbonate (80 g, 579 mmol) in
dimethyl sulfoxide (500 mL) and heat the mixture to
110 C for 3 h Cool the reaction to ambient temperature
and pour the slurry into water ( 1 0 L). Collect the
solids by filtration and dry in a vacuum oven for 3
days to provide the title compound as a white solid
(120 g, 95%). ES/MS m/z 437.3 (M+l). Prepare the
pipepdinylphthalazines in the table below by
essentially following the 



procedure described in Preparation 1, using the
approppate chlorophthalazine and tBOC protected
aminopiperidine: Preparation 5
{l-[4-(4-Fluoro-phenyl)phthalazin-1-yl]pipendin-4-yl}m
ethylamineAdd tpfluoroacetic acid (100 mL) to a
solution of {l-[4-(4-fluorophenyl)
phthalazin-1-yl]-pipepdin-4-yl}-methyl-carbamic acid
tert-b\ity\ ester ( 11 2 g, 10 2 mmol) in
dichloromethane (100 mL) Stir the reaction at room
temperature overnight, and concentrate under reduced
pressure Dissolve the resulting residue in
dichloromethane and wash with 1N NaOH and bpne Dry the
organic phase with sodium sulfate, filter, and
concentrate under reduced pressure Crystallize the
tttle compound from hexane/dichloromethane to obtain
the title compound (8 46 g, 98%) ES/MS m/z 337 2 (M+
1) Alternate procedure (isolated as the hydrochloride)
Combine toluene (500 mL) and methanol (30 mL) at 10 C
Add acetyl chloride (29 mL, 4 10 mmol) dropwise over
20 min Maintain the temperature below 15 C during the
addition Add
{l-[4-(4-fluoro-phenyl)-phthalazin-1-yl]-pipe
pdin-4-yl}-methylcarbamic acid ter/-butyl ester (71 g,
164 mmol) Heat the slurry to 35 C for 2 h Cool the
slurry to ambient temperature and collect the solid by
filtration Dry in a vacuum oven at 40 C for 12 h to
provide the title compound as a white solid (58 g,
95%) ES/MS m/z 337 (M+ 1) Prepare the unprotected
aminopipendinylphthalazines in the table below by
essentially following the procedure descpbed in
Preparation 5, using the appropriate tBOC protected
aminopipepdinylphthalazine Preparation 9 tert-Butyl
1-(4-chlorophthalazin-
1-yl)pipendin-4-yl(methyl)carbamateCombine
1,4-dichlorophthalazine (5.00 g, 24.6 mmol),
rer/-butyl methyl(piperidin-4-yl)carbamate (5.54 g,
25.8 mmol), and potassium carbonate (29.5 mmol; 4.08
g) in -methylpyrrolidone (50.0 mL). Heat the reaction
mixture at 80 C for 3 days and pour the reaction
mixture into ice water. Filter via vacuum filtration
to obtain a yellowish solid and dry at room
temperature in a vacuum oven. Purify by silica gel
chromatography (1:1, hexaneiethyl acetate) to obtain
the desired product (5.79 g, 62%). ES/MS m/z 377.2
(M+l). Alternate procedure: Combine 1,
4-dichlorophthalazine (7.04 g, 35.4 mmol), /erf-butyl
methyl(piperidin-4-yl)carbamate (5.54 g, 37.2 mmol),
triethylamine (7.4 mL, 53.1 mmol) 



and DMSO (85 mL). Heat the reaction mixture at 85 C
for 3 days or until complete consumption of starting
material. After cooling, transfer the reaction mixture
to a separatory funnel with diethyl ether and wash
with water. Separate the organic layer and dry with
MgSO , filter, then concentrate in vacuo. Purify the
resulting residue by flash chromatography (0-10%
methanol in dichloromethane) to obtain the title
compound (7.6 g, 57%). ES/MS m/z 377.2 (M+l).
Preparation 10 tert-Butyl methyl(
1-(4-(4-(trifluoromethyl)phenyl)phthalazin-
1-yl)piperidin-4- yl)carbamate Charge a microwave
vessel with tert-butyl
l-(4-chlorophthalazin-1-yl)piperidin-4-
yl(methyl)carbamate (0.201 g, 0.534 mmol),
4-(trifluoromethyl)phenylboronic acid (122mg, 0.640
mmol), potassium phosphate tribasic monohydrate (209
mg, 0.907 mmol), tricyclohexylphosphine (19 mg, 0.064
mmol), 1,4-dioxane (3 5 mL) and water ( 1 5 mL).
Bubble nitrogen through the reaction mixture for 5 mm.
Add tris(dibenzylideneacetone)dipalladium (0) (0.027
mmol, 25 mg). Bubble nitrogen through the reaction
mixture for another 5 min. Heat the sealed reaction
vessel in a microwave for one hour at 150 C. Pass the
reaction mixture through a silica gel pad eluting with
ethyl acetate. Concentrate in vacuo and purify the
resulting residue using silica gel chromatography
(30:70, ethyl acetate :hexane) to obtain the title
compound (0.170 g (65%). ES/MS m/z 486.8 (M+l).
Preparation 11 iV-Methyl-1-(4-(4-(triflouromethy
l)pheny l)phthalazin- 1-yl)piperidin-4-amine
dihydrochloride Add hydrogen chloride (4.0 N in
dioxane, 20 mL, 80.0 mmol) to tert-butyl methyl
(l-(4-(4-(triflouromethyl)phenyl)phthalazin-1-yl)piper
idin-4-yl)carbamate (0.158 g, 0.325 mmol). Stir at
room temperature overnight. Remove solvents under
reduced pressure. Use the crude material (0. 169 g,
>100%) as is. ES/MS m/z 387.0 (M+l). Preparation 12
tert-Butyl 1-(4-(4-cyanopheny l)phthalazin-
1-yl)pipendin-4-yl(methyl)carbamate Charge a pressure
tube with tert-butyl 1-(4-chlorophthalazin-
1-yl)pipepdin-4- yl(methyl)carbamate (400 mg, 1.06
mmol), 1,4-dioxane (12 mL), water (4 mL), 4-
cyanophenylboronic acid (467 mg, 3.18 mmol), and
cesium carbonate (1.40 g, 4.24 mmol). Bubble nitrogen
through the reaction mixture for 5 min. Add (SP-4-1)-
bis[bis(l,l-dimethylcthyl)(4-methoxyphenyl)phosphinc-
kP]dichloro-palladium (J. Org. 



Chem. 2007, 72, 5104-51 12) (36.0 mg, 0.053 mmol).
Bubble nitrogen through the reaction mixture for a few
minutes and seal the reaction vessel. Heat the
reaction at 90 C overnight. Filter the reaction
mixture through a silica gel pad eluting with ethyl
acetate. Remove the solvents under reduced pressure
and purify the resulting residue using silica gel
chromatography (30:70, ethyl acetate:hexane) to obtain
the title compound (0.392 g, 83%). ES/MS m/z 444.2
(M+l).Preparation 13 4-(4-(4-(Methylamino)pipe pdin-
1-yl)phthalazin- 1-yl)benzonitrile dihydrochlopde
Prepare the title compound, by essentially following
the procedure as described in Preparation 11 using
tert-buty\
l-(4-(4-cyanophenyl)phthalazin-1-yl)pipendin-4-
yl(methyl)carbamate (0 385 g, 0 868 mmol) Use the
crude material (0 378 g, >100%) as is in subsequent
reactions ES/MS m/z 344 2 (M+ 1) Preparation 14
1-(4-Chlorophthalazin- 1-yl)- -methylpiperidin-4-amine
dihydrochlopde Add hydrogen chlopde (4 0 N in dioxane,
100 mL, 400 mmol) to a solution of ter/-butyl
l-(4-chlorophthalazin-1-yl)pipe
pdin-4-yl(methyl)carbamate (7 60 g 1 00 equiv, 20 2
mmol) in methanol (100 mL) Stir at room temperature
one hour Remove the solvent under reduced pressure to
obtain the title compound (7 05 g, 100%) ES/MS m/z 277
2 (M+l) Preparation 15 N-(1-(4-Chlorophthalazin-
1-yl)pipepdin-4-yl)- -methyl-2-(tpfluoromethy
l)benzamide Combine l-(4-chlorophthalazin-1-yl)-
N-methylpipepdin-4-amine dihydrochlopde ( 1 0 1 g, 2
89 mmol) and tnethylamine ( 1 2 mL, 8 6 1 mmol) in
dichloromethane (30 mL) Flush the reaction vial with
nitrogen and add 3-tpfluoromethylbenzoyl chlopde (0 46
mL, 3 12 mmol) Place the reaction under a nitrogen
blanket and stir at room temperature overnight
Concentrate to a residue and punfy using silica gel
chromatography (0-10% methanol in dichloromethane) to
obtain the title compound ( 1 H g, 86%) ES/MS m/z 449
2 (M+1)Prepare the amides in the table below by
essentially following the procedure described in
Preparation 15, using the approppate acid chloride
Example 1 -(1-(4-(4-Fluorophenyl)phthalazin-
1-yl)pipepdin-4-yl)-N-methyl-4-
(tpfluoromethoxy)benzamide hydrochloride Combine
methyl
{l-[4-(4-fluoro-phenyl)phthalazin-1-yl]pipendin-4-
yljmethylamine (100 mg, 0 300 mmol), tpethylarmne (0
12 mL, 0 89 mmol) and 



dichloromethane (2 mL) at room temperature Add
4-(tnfluoromethoxy)-benzoyl chloride (100 mg, 0 45
mmol) to the mixture and stir at room temperature
overnight Concentrate the reaction mixture and purify
the resulting residue by flash chromatography (20 5 1,
hexane ethyl acetate 2 M ammonia in methanol) Add 1N
HCl in diethyl ether to a solution of the isolated
product in dichloromethane/methanol and remove the
solvents under a stream of nitrogen gas to yield the
title compound as a solid (98 mg, 58%) ES/MS m/z 525 0
(M+ 1) Alternate procedure: Add
{l-[4-(4-fluoro-phenyl)-phthalazin-1-yll-pipendin-4-yl
}-methyl-amine hydrochloride (58 g, 155 mmol) to
1,4-dioxane (580 mL) Add triethylamine (86 mL, 622
mmol) and stir for 20 mm Add
4-(tnfluoromethoxy)benzoyl chloride (24 mL, 155 mmol)
dropwise over a pepod of 20 min Stir for one hour at
ambient temperature Add water (100 mL), extract with
ethyl acetate (200 mL), and concentrate the organic
portionunder reduced pressure Purify the resulting
residue by flash chromatography, eluting with ethyl
acetate over a 1kg silica plug to yield the product as
a colorless oil (58 g, 71%) Combine toluene (586 mL)
with ethanol ( 117 mL) and cool to 3 C Add acetyl
chloride (8 mL, 111 mmol) over a period of 20 mtn Stir
for 20 min and then add N- {1-
[4-(4-fluoro-phenyl)-phthalazin- 1-yl]-pipepdtn-4-yl}
-N-methyl-4-trifluoromethoxybenzamide (58 g, 111 mmol)
in toluene (40 mL) in one portion Stir for 12 h
Concentrate to 1/3 volume Collect the precipitate by
filtration Dry the solid in a vacuum oven at 40 C
overnight to afford the title compound as a white
solid (42 g, 67%) ES/MS m/z 525 0 (M+l) Prepare the
amides in the table below, by essentially following
the procedure described in Example 1, using the
approppate acid chloridePRESSURE CAST CONCRETE OR
MORTAR LINED STEEL PIPES AND METHODS OF MAKING THE
SAME FIELD OF THE INVENTION [0001] This invention
relates to concrete or mortar lined steel pipes and,
more particularly, to pressure-cast concrete or mortar
lined steel pipes that are made using methods that
permit the simultaneous curing and prestressing of the
pipe to thereby increase allowable design stress in
the steel while maintaining manufacturing efficiency
and reducing manufacturing costs. BACKGROUND OF THE
INVENTION [0002] Conventional concrete lined steel
water pipe, e .g., large diameter pipe, is currently
designed to a maximum working stress in the steel of
around 21,000 psi. The reason for 



limiting the allowable design stress in such pipe is
the limited allowable strain in the concrete or mortar
lining. A higher steel stress will crack the concrete
or mortar lining under pressure, causing deleterious
cracks to form, adversely affecting the lining's
performance, and creating the potential for the lining
to fail or otherwise fall out of the inside of the
steel pipe. [0003] The use of concrete or mortar
linings with such steel pipe is well known for use in
the water pipe industry because they have a proven
record of protecting the steel pipe from interior
corrosion for a long period of time, e .g., of more
than 50 years. As an alternative to concrete linings,
polymer coatings such as epoxy based coatings and the
like can be used with steel pipes that can be designed
having a higher strain to failure. However, no
currently available polymer coating can be guaranteed
or expected to last 50 years in water service without
some form of periodic maintenance, typically at
approximately 15 year intervals. It is not practical
to take such coated steel water pipes, e .g., when
used as a water main or the like, out of service to
sandblast and recoat the lining every 15 or so years
for maintenance purposes. [0004] A second limitation
for concrete lined steel water pipe is the engineering
consideration and need to have a diameter to thickness
ratio of around 240, and preferably less than about
220. This means that a 100-inch diameter pipe must
have a minimum pipe wall thickness of approximately
0.4 17-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 andinstalling stresses. In
this 100" ID x 0.417" wall example, pipe rated at P =
(2*t*stress)/D = 2*0.417*21,000/100 = 175 psi or less
must still have a pipe wall thickness based on D/t =
240. The D/t requirement is based on the practicality
of handling, shipping and installing the pipe. In poor
soil conditions, the pipe is also vulnerable to
collapse or over deflection if not stiffened by
increased liner thickness, steel pipe wall thickness,
attached stiffeners, or the expensive importation of
more stable bedding materials. [0005] Conventional
prestressed concrete cylinder pipe (PCCP) comprises an
inner concrete pipe or core that is placed in state of
high compression by the use of wires that are wound
around the inner pipe. The pressure loads that are
placed on the pipe in service are taken by the
prestressed steel wires using high allowable design
stress, therefore also operating to reduce the amount
of steel that is used in providing the desired amount
of compression. The concrete core resists the
prestressing wires and helps support the earth loads
in a buried condition. The prestressed concrete core
also helps to support the pipe during transport and
installation. 



[0006] One of the problems, however, with PCCP is the
difficulty in protecting the high strength
prestressing wires from corrosive environments when
the pipe is placed into service, and the potential
susceptibility of such wires to hydrogen embrittlement
if excessive levels of cathodic protection are
applied. The ability to easi ly cathodically protect
the prestressing wire is further complicated by the
low dielectric strength of the typical mortar coating
that is placed over the prestressing wires to protect
them from corrosion. The dielectric resistance can be
improved by the application of a suitable polymer
coating, e .g., such as one available from Ameron
International under the product name Amercoat 1972B.
While the use of such a polymer coating makes it easie
r to cathodically protect the steel prestressing
wires, it does so at an additional cost in terms of
both manufacturing steps and in terms of raw material
cost. [0007] As the underground utility complex of
pipes and surface or subsurface transit systems in
typical major cities have increased over the years,
another problem has arisen from "cathodic
interference" or stray ground currents caused by
nearby steel pipelines under cathodic protection for
exterior corrosion, and caused by DC powdered transit
systems. Large water pipes installed many years ago
now find new pipes that have been installed nearby.
These new pipes may be cathodically protected, and the
stray ground currents introduced from the cathodic
protection can cause corrosive currents in the PCCP.
As aresult of the possible existence of such stray
ground currents, many metropolitan water agencies now
prefer e ither conventional steel pipe with a
dielectric coating for external corrosion protection,
or steel cylinder reinforced concrete pipe when
external loads are high. Although this is an e
ffective approach for controlling pipe corrosion, it
is costly. [0008] One approach known in the art for
making prestressed steel pipe has been to use a
multi-step process of first forming/casting a concrete
core, slipping a steel pipe over the pre cast concrete
core, and then pumping a high-pressure grout into the
annular gap between the pre-cast concrete core and
steel pipe to place the concrete core under
compression. However, two major problems exist with
this method of making pipe. A first problem relates to
the difficulty in perfectly sealing the ends of the
concrete core to the steel pipe during the pressure
grouting operation. A second problem involves how to
apply and maintain pressure to the grout during the
cure of the grout, especially if minor leakage of the
grout occurs at the seals between the steel pipe and
concrete core while the grout is curing. If a
high-pressure grout pump is used, the potential
leakage of grout during cure must be made up by the
grout pump. This will mean the grout pump will have to
be active during the curing operation in order to make
up for leakage, which leaves the potential for the
grout to cure in the pump, 



both ruining the pump and resulting in pipe having an
insufficient level of prestress. [0009] It is ,
therefore, desired that a pipe construction and method
for making the same be developed that is capable of
providing a desired level of properties such as pipe
stiffness and internal corrosion resistance that
matches the typical minimum 50 year service life
offered by conventional PCCP or concrete lined steel
pipe. It is further desired that such pipe
construction be capable of providing a desired degree
of protection from external corrosion and cathodic
interference. It is still further desired that such
pipe construction be manufactured in a manner that is
both cost efficient from a raw material perspective,
and from the amount of time and labor involved in
making the same. SUMMARY OF THE INVENTION [0010]
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 therange of from about 0.06 to
0.75 inches, and the wall thickness of the liner is in
the range of from about 1.5 to 10 inches. The wall
thickness of the liner can be from 10 to 50 times the
thickness of the metal shell depending on the
particular pipe embodiment and end-use application. If
desired, the pipe can further comprise a coating of
dielectric material disposed along an outside surface
of the metal shell. [0011] The pipes are formed by
using a mold assembly that is specially constructed to
facilitate accommodating a desired volume of the
concrete or mortar composition and subjecting the same
to a pressurizing force calculated to impose a desired
stressing force onto the metal shell. In an example
embodiment, such pipes are formed by delivering a
volume of the 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. The poured composition is subjected to a
pressure force to expand the metal shell. In an
example embodiment, the pressure force is provided in
the form of a pressurized fluid such as water, wherein
the pressurized fluid is placed into contact with the
surface of the poured composition. Once a desired
degree of cure is achieved, the pressure force is
removed causing the metal shell to exert a desired
compression force on the concrete or mortar liner.
[0012] In an example embodiment, the mold assembly
comprises a cylindrical metal shell that defines the
metal outer portion of the pipe, a base member that is
operatively connected 



with a bottom portion of the metal shell, and a top
member that is operatively connected with a top
portion of the metal shell. An inner mold member is
positioned concentrically inwardly of the metal shell.
An annular concrete or mortar chamber is formed
between the metal shell and inner mold member for
accommodating a volume of a concrete or mortar
composition therein. In an example embodiment, the
inner mold member is capable of reducing in diameter
to accommodate removal of the pressure cast lined pipe
from the mold after 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 reducedmetal shell or steel
pipe wall thickness, thereby resulting in a desired
savings of raw material costs. BRIEF DESCRIPTION OF
THE DRAWINGS [0014] These and other features and
advantages of the present invention will be
appreciated as the same becomes better understood by
reference to the following detailed description when
considered in connection with the accompanying
drawings wherein: [0015] FIG. 1 is a perspective side
view of an example embodiment pressure-cast steel pipe
constructed according to the principles of the
invention; [0016] FIG. 2 is a cross-section side view
of an example embodiment process that is used to make
the pressure-cast steel pipe of FIG. 1; [0017] FIG. 3
is a cross-section side view of another example
embodiment process that is used to make the
pressure-cast steel pipe of FIG. 1; and [0018] FIG. 4
is a cross-section side view of another example
embodiment process that is used to make the
pressure-cast steel pipe of FIG. 1. DETAILED
DESCRIPTION [0019] Pressure cast lined steel pipes
(PCSPs), and methods for making the same according to
principles of the invention, comprise a concrete or
mortar liner that is surrounded by a metal shell or
steel pipe, i.e., avoiding the use of tensioning or
prestressing wires as present in the conventional PCCP
described above. The ratio of liner thickness to shell
thickness can and will vary depending on the
particular engineering design requirements 



and/or performance criteria called for by a particular
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, e .g., involving separately
forming a precast concrete or mortar liner that is
combined with a metal outer pipe shell for subsequent
stress inducing treatment. As used herein, the term
"in situ" is used to refer to the fact that a concrete
or mortar composition (that is used to make the
concrete or mortar liner)is being formed and cured at
the same time as it is being pressurized for the
purpose of placing a surrounding metal outer shell or
steel pipe in a stressed condition. [0021] A feature
of PCSPs of this invention is that they are
constructed in a manner that prestresses the metal
shell with a concrete or mortar liner such that the
steel stresses could be increased by internal fluid
pressure without fear of deleteriously cracking the
liner. Further, the presence of a compressed concrete
or mortar liner also helps resist transportation,
installation, and earth loads when placed into
service. PCSPs of this invention can also be coated
with a number of dielectric coatings, thereby
providing a desired level of external corrosion
protection. This eliminates the problem of cathodic
interference from nearby pipelines and transit
systems, and the steel used in this type of pipe would
have much lower yield stress than the prestressing
wire and therefore be much less susceptible to
hydrogen embrittlement while under cathodic
protection. [0022] FIG. 1 illustrates a PCSP 10
constructed according to principles of this invention,
generally comprising a cylindrical metal or steel
shell, casing, pipe or jacket 12 that surrounds an
inner liner 14 formed from a desired concrete or
mortar composition. The inner liner 14 is disposed
concentrically within an inside diameter of the shell
12, and in an example embodiment is in direct contact
with the shell, i.e., there is no other type of
intermediate material that is interposed between the
liner and the shell. [0023] The PCSP 10 includes a
bell shaped end 16 that is attached at one axial end
18 of the pipe 10 and a spigot 20 that is attached to
the opposite end 2 1 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.[0024] While an example
embodiment of the PCSP illustrated in FIG. 1 is shown
with specific types of ends, it is to be understood
that PCSPs of this invention can be configured having
different types of ends as called for by the
particular end-use application. For example, the PCSP
can have joint rings (in the form of the bell and
spigot as shown), or it can be can be butt welded in
the field, or it can have a swaged bell to slip fit
the steel pipe OD for a lap weld in the field, or it
can have a swaged bell, including a sealing groove to
seal against the steel pipe OD, or can have a rolled
spigot groove (spigot rolled right into the pipe wall)
that fits inside a swaged bell (swaged into the pipe
wall). It is to be understood that PCSPs constructed
according to principles of this invention can comprise
all such noted versions. [0025] Another feature of the
PCSP is that the concrete or mortar liner 14 is placed
in a desired state of compression, prior to placement
of the completed pipe in an application destination, e
.g., before the pipe is transported and buried some
depth within the ground, by operation of the metal
shell 12 acting directly on the liner. In an example
embodiment, the metal shell 12 is stressed a desired
degree during the process of casting, i.e., pouring
and curing, the liner 14 in a manner placing the liner
once cured in a desired state of compression to meet a
desired pipe performance criteria, e .g., to meet a
particular end-use application. [0026] The thickness
of the shell and liner for PCSPs can and will vary
depending on the particular design/performance
criteria and/or end-use application. A general feature
of the PCSP is that the thickness of the steel shell
is much less than that of a conventional steel pipe
(i.e., not comprising a concrete liner under
compression). The combination of a thinner steel shell
with a thicker liner in a state of compression allows
the use of D/t ratios that are not otherwise possible
with conventional steel pipe, which would have too
much flexibility to resist the handling and
installation loads at these higher D/t ratios. The
thinner steel shell can now be designed using higher
design stress without deleteriously cracking the
concrete or mortar liner at operating pressure. The
use of a steel shell as contrasted to the use of
tensioning or prestressing wires in a PCCP places the
liner in a desired state of compression with a much
more robust structure that can be made more resistant
to exterior corrosion and that provides a failure
mechanism that is more predictable than the tensioning
or prestressing 



wires. [0027] For example, when the tensioning or
prestressing wires used in conventional PCCP fail due
to exterior corrosion the result can be a sudden loss
of compressive force on the concrete liner, which
could cause a sudden failure of the pipe. Further, the
repair ofbroken tensioning wires is difficult to
perform while the pipe is in the ground. PCSP of this
invention has a failure mechanism resembling that of
steel pipe, i .e., one characterized by a gradual
leakage through the steel shell that does not result
in a sudden loss of compression to the concrete or
mortar liner, and one that can be readily repaired in
the field by the use of an external metal patch or the
like by welding process. [0028] PCSPs constructed
according to principles of this invention comprise a
concrete or mortar liner or core and a surrounding
metal shell or steel pipe. The relative thicknesses of
the liner to the shell can vary depending on the
engineering design criteria, the nature of the
materials that are used, and the desired performance
properties. In an example embodiment, the ratio of the
liner to metal shell wall thickness can be in the
range of from about 5:1 to 80:1, and preferably in the
range of from about 10:1 to 50:1. The typical strength
range for the liner will be from about 3,000 to 10,000
psi, with a prestress range on the liner from about
500 psi to 6,000 psi when the internal pressure is
reduced to zero and the stress on the outer steel pipe
is partially transferred to the concrete or mortar
core. The allowable design stress on the steel shell
could range from about 25,000 to 72,000 psi, depending
on the required pressure rating and the yield of the
steel used in the outer steel shell. [0029] Generally
speaking, it is desired that the liner or core be
approximately 10 to 50 times the thickness of the
metal shell. As an example, the cylindrical metal
shell can initially be stressed to about 42,000 psi
when under pressure. This is twice the current design
stress for steel pipe, resulting in a steel pipe wall
having about one half the current wall thickness.
Because steel represents the major material cost for
the pipe, reducing the wall thickness of the steel
component in half for the PCSP represents a
substantial savings in raw material costs. [0030] The
reduction in diameter of the liner, core or inner pipe
after releasing the casting pressure during formation
of the PCSP will depend on the thickness and modulus
of the core, the thickness of the metal shell or steel
pipe and the amount of stress in the steel while under
the casting pressure. A force balance is set up
between the steel cylinder and the core (i.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.84-inch Class 150 Pressure Cast
Steel Pipe The manufacturing process incorporates
pressurizing the outer steel pipe and mold during the
casting and cure of the concrete lining. Pressurizing
the mold places the outer steei pipe into tension
during the casting process. When the pressure
maintained during the casting operation is released,
the outer steel pipe will shrink down onto the
concrete liner It will continue to shrink until the
force in the concrete liner equals the force exerted
by the steel pipe. The following equations can be
defined.Substutitrng Equation 4 into Equation 8:
Assume the following criteria for a pipe design: ID of
pipe Specified MinimumYield Strength of the steel in
the pipe wall Operating pressure Thickness of concrete
core Modulus of concrete Modulus of steei ID of Stee!
Pipe to produce specified pipe ID Allowable design
stress for stee! at 72% of SMYS Stress in steel during
the casting operation. This stess should be at or
beiow 90% of Specified MinimumYield Strength (SMYS) of
steel.Thickness of steei at allowable design stress
for pressure loads only Casting pressure at 90% of
SMYS Diameter over thickness ratio. Maximum allowable
for current steel pipe design is around 220. Generally
is between 10 and 50 to get practical levels of
concrete pre-stress and thickness. Ratio can be higher
or lower for specific applications. This is the
pre-stress in the steei 



after releasing the casting pressure. Concrete stress
in the zero pressure condition. This is the pre-stress
in the concrete after releasing the pressure in the
mold.Comparisons of Pipe Stiffness for Conventional
Steel Pipe vs. Pressure Cast Steel Pipe For
Conventional Steel Pipe: Thickness of liner on
conventional steel pipe Approximate thickness of steel
pipe to meet D/t of 220 for conventional steel pipe
design Modulus of concrete liner Modulus of steel
The.sum of the areas can be calculated as follows:The
sum of the areas times the distance to the reference
centroid, can be calculated as follows: The distance
to the centroid of the overali pipe wall fromthe
middle of the steel pipe wall (the reference position
for initially assumed centroid) can be calculated as
follows: The moment of Inertia of the individual
layers about their own neutral axis is calculated per
unit length as follows:This the total "EI" value for
the pipe wail. This value must be substituted into
Equation 5-14 of AWWA IVIanual M45 to properly
calculate overall pipe stiffness. Centroid diameter of
the conventional steel pipe. Pipe Stiffness, PS, is
determined as follows utilizing ASTMD2412, Pipe
stiffness for conventional steel pipe For Pressure
Cast Steel Pipe; Thickness of pressure cast steel pipe
from above Set thickness of steel to variable name
used below Thickness of concrete liner in pressure
cast steel pipe from above Set thickness of concrete
to variable name used below Modulus of concrete liner
Modulus of steelSection 



Concrete Liner Steel Pipe Wail The sum of the areas
can be calculated as follows : The sum of the areas
times the distance to the reference certtroid, can be
calculated as follows: The distance to the centroid of
the overall pipe wall from the middle of the steel
pipe wall (the reference position for initially
assumed centroid) can be calculated as follows: The
moment of Inertia of the individual layers about their
own neutral axis is calculated per unit length as
follows:The sum of the El values for all layers is
calculated as follows: This the total "El" value for
the pipe wail. This value must be substituted into
Equation 5-14 of AWWA Manual M45 to properly calculate
overall pipe stiffness. (Centroid diameter of the p
ipe Pipe Stiffness, PS, is determined as follows
utilizing ASTM D2412. Review of the two pipe stiffness
values shows the new pressure cast steel pipe will be
much stiffer than conventional steel pipe and much
more capable ofsupporting pipe handling, installation
and earth loadsChange in Concrete Height During
Pressure Casting:[0031] The PCSPs of this invention
can be manufacturing using a number of different
pressure casting techniques. These techniques can
involve horizontal or vertical pressure casting,
depending on the particular pressure casting molding
system. FIG. 1 illustrates the use of a vertical
pressure casting technique and related assembly,
wherein the concrete or mortar composition is poured
and cast in a vertically oriented mold assembly to
form the liner in situ while imposing a desired
stressing force on the surrounding metal shell or
steel pipe. Once the stressing force is removed, the
metal shell places the finally-cured liner of the
resulting PCSP in a desired state of compression. In
an example embodiment, this example technique involves
pressurizing the poured concrete or mortar composition
to impose a desired stress on the metal shell through
the use of a hydrostatic means, e .g., imposing a
pressurized volume or body of fluid such as water into
contact with a surface of the concrete or mortar
composition. [0032] FIG. 2 illustrates an example
assembly 30 useful for making the PCSP in accordance
with the principles noted above. In this example
embodiment, a cylindrical metal shell 32 is formed
with ends 34 and 36 attached thereto to respective
ends of the shell as 



described above. The wall thickness of the metal shell
can be within the ranges noted above. In an example
embodiment, the metal shell or steel pipe can be made
on a drum cylinder machine with the ends 34 and 36
welded thereto. In an example embodiment, the metal
shell is formed from X60 steel. [0033] The cylindrical
metal shell 32 is positioned over a base ring 38 that
is positioned at the base or bottom position of the
assembly 30. The base ring 38 comprises a generally
annular body 39 that may include one or more grooves
40 extending circumferentially along an outer wall
surface of the base ring and positioned adjacent an
inside wall surface of shell end 36. The base ring is
formed from a structurally rigid material such as a
metallic material, and in a preferred embodiment the
preferred material is steel. [0034] The one or more
grooves 40 are sized and shaped to accommodate
placement of one or more respective sealing members 42
therein, wherein the one or more sealing member 42 are
sized and shaped to engage and form a seal against an
inside diameter of the metal shell end 36. In a
preferred embodiment, the base ring comprises a pair
of grooves 40 that are spaced axially apart from one
another a desired distance along the outer surface,
and comprises respective sealing members 42 in the
form of annular rings disposed therein. Theannular
seal rings 42 are preferably formed from an
elastomeric material such as rubber or the like
capable of providing a sealing engagement with the
metal shell end. [0035] The base ring 38 includes an
upper or top surface 44 that forms a closed bottom end
of an annular concrete or mortar pour cavity or
chamber 46. The base ring 38 further includes a groove
48 that is positioned circumferentially along an
inside diameter of the ring 38. The groove 48 is
positioned, sized and shaped to accommodate placement
of a sealing member 50 therein to engage and form a
seal with an adjacent outside wall surface of a
collapsible inner mold member 52. [0036] The base ring
38 further includes a section that projects radially
inwardly from the body 39 away from the base ring
inside diameter, and that is connected with a
generally cylindrical displacement tube 54, e .g., a
bottom end of the displacement tube 54 is thereby
mounted on the base ring. As shown in FIG. 2, the
collapsible inner mold member 52 is positioned
concentrically around an outside diameter of the
displacement tube 54. The collapsible inner mold
member and displacement tube are each formed from a
structurally rigid material, such as a metallic
material, and in a preferred embodiment both the
collapsible inner mold member and the displacement
tube are formed from steel. [0037] The collapsible
inner mold member 52 can be formed from a single sheet
of material that is rolled into the form of a cylinder
or can be formed from a number of panels or 



sheets that are welded or otherwise joined together to
form a cylindrical shape. In an example embodiment,
the collapsible inner mold member is provided in the
form of a cylindrical sheet having two ends that
extend longitudinally along the length of the inner
mold member. The ends are configured such that they
can be moved inwardly towards one another, e .g.,
coiled towards one another, to reduce the diameter of
the inner mold member and thereby cause the inner mold
member to collapse for purposes of facilitating
removal of the formed PCSP therefrom. [0038] In an
example embodiment, the ends of the collapsible inner
mold member are connected to one another by a
mechanism that operates to maintain a fixed inner mold
member diameter during the pouring a pressurizing
operation, and that can be operated to move the ends
of the inner mold member together thereby collapsing
the mold member to facilitate releasing the mold
member from the formed concrete or mortar core, The
inner mold member is further configured to minimize
leakage of the concrete or mortarcomposition during
pour and formation of the PCSP under pressure. In a
preferred embodiment, a gate is placed between the
collapsible inner mold member ends that can be
remotely actuated to reduce the diameter of the inner
mold member at the appropriate stage of the operation,
thereby enabling the inner mold member to be removed
from the PCSP once formed. [0039] A bottom reinforcing
ring 56 is positioned along an inside diameter surface
of the collapsible inner mold member 52 adjacent the
base ring 38 and assists in promoting a desired
sealing engagement between a bottom end section of the
collapsible inner mold member and the base ring. The
bottom reinforcing ring 56 can be formed from a
structurally rigid material and can comprise one or
more members that alone or together form an annular
support positioned concentrically inwardly of the
collapsible inner mold member bottom end section. In
an example embodiment, the bottom reinforcing ring is
made from steel and is welded to a bottom portion of
the inner mold member. [0040] Moving to the top of the
assembly 30, an annular top ring 58 is positioned
adjacent a top end of the metal shell 32. In an
example embodiment, the top ring comprises a
cylindrical outer section 60 that is positioned
concentrically around the end 34 of the metal shell
32. The outer section 60 has an inside diameter that
is sized and shaped to accommodate placement of the
end 34 within a lower region of such inside diameter.
Sealing members 62 are positioned within one or more
respective grooves 64 disposed circumferentially
around the end 34 to provide a seal between the top
ring 58 and the metal shell 32. The sealing members 62
can be annular members that are made from an
elastomeric 



material such as rubber or the like. [0041] While the
embodiment of FIG. 2 illustrates the use of sealing
members at the top and bottom of the assembly disposed
in grooves that are respectively disposed on the shell
end and the base ring, it is to be understood that the
specific sealing mechanism used to form a desired seal
at the top and base of the concrete or mortar chamber
46 can be other than that which is described and
illustrated, and that such variations are understood
to be within the scope of this invention. [0042] The
inside diameter of the top ring outer section also
includes a central region that is sized and configured
to accommodate receiving a pressurizing medium therein
and to accommodate a desired extra volume of concrete
or mortar above the spigot 34. The extravolume
provided by the top ring is useful to make up for the
volume increase that occurs within the chamber 46
during pressurizing as the outer steel pipe or shell
32 increases in diameter under pressure. The typical
volume change during pressurizing results 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
help accommodate such volume change. [0043] In an
example embodiment, the pressurizing medium is water
and the central region of the top ring is sized having
vertical height to address the concrete or mortar
volume change that occurs during pressurization, and
having a diameter that is less than that of the top
ring bottom region. Sizing the top ring outer section
inside diameter in this manner operates to limit the
extent that the end 34 is inserted therein during
assembly for the process of both pouring the concrete
or mortar composition into the assembly 30 and into
the chamber 46 and subsequently pressurizing the
poured concrete or mortar composition. [0044] The top
ring outer section 60 includes an inside diameter top
region that is sized and shaped to accommodate
placement therein of a top member or pressure top or
cap 66 that is placed over a top portion of the
assembly 30. In an example embodiment, the inside
diameter top region has a diameter sized smaller than
that of the central region to control the axial
placement of the top member 66 therein, e .g., so that
it does not enter the central region. [0045] The top
ring 58 also includes an inner section 68. In an
example embodiment, this inner section is welded to
the top ring 58 by centralizing gussets (not shown).
The inner section 68 is positioned radially inwardly
from the outer section 60 and radially outwardly a
distance from the displacement tube to a position
adjacent an upper end of the collapsible inner mold
member 52. The inner section 68 includes a pair of
downwardly projecting lips or rings 70 that are
positioned and sized to accommodate placement of the
top end of the collapsible inner mold member 52
therebetween. 



[0046] In an example embodiment, the collapsible inner
mold member 52 fixedly registers with a placement
feature of the base ring 38, and at least one of the
top ring lips 70 operates to 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.[0047] A top reinforcing ring 72 is
positioned along an inside diameter surface of the
collapsible inner mold member 52 adjacent the top ring
inner section 68, and assists in urging the
collapsible mold member 52 against the lip 70. The top
reinforcing ring 72 is formed from a structurally
rigid material and can comprise one or more members
that alone or together form an annular support
positioned concentrically inwardly of the collapsible
inner mold member top end section. In an example
embodiment, the top reinforcing ring 72 is made from
steel and is welded to the end of the collapsible
inner mold member 52. [0048] The top member or
pressure top 66 comprises an annular member positioned
radially between the top ring outer section 60, along
an outside diameter, and a top section 74 that is
attached to an upper end of the displacement tube 54,
along an inside diameter. The top section 74
accommodates thrust from the top member 66 produced by
internal pressure during the pressurizing operation.
[0049] The pressure top 66 includes an outside
diameter wall surface that is positioned adjacent the
top ring outer section 60 inside diameter top region,
and includes a groove 76 extending circumferentially
therearound. An annular sealing member 78 is disposed
within the groove and can be formed from an
elastomeric material to provide a desired seal with
the top ring outer section. Alternatively, the top
ring inside diameter top region can be configured
having the groove to accommodate placement of a
sealing member therein. [0050] The pressure top 66
also includes an inside diameter wall surface that is
positioned adjacent an outer surface of the
displacement tube top section 74, and that is
configured to provide sealing engagement therewith. In
an example embodiment, the displacement tube top
section comprises a groove 80 disposed
circumferentially along its outer surface that is
sized to accommodate placement of an annular sealing
member 82 therein, wherein the sealing member can be
formed from an 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
thedisplacement tube top section 74. The locking
member engages the groove 86 to resist the pressure
thrust on the top member 66 during the pressure
casting operation. [0052] The displacement tube 54 is
a generally cylindrical member that extends from the
top section 74 downwardly to the base ring 38, and
that may include one or more ribs 88. The one or more
ribs operate to stabilize the displacement tube from
collapse caused by the external pressure applied to
the mold assembly during the pressure casting
operation, and may extend between diametrically
opposed portions of the tube and/or to a centrically
located mounting hub or the like (not shown) again for
purposes of stabilizing placement and minimizing
radial movement or deflection of the displacement tube
during the process of forming the PCSP. [0053] The
displacement tube 54 includes an inlet 90 positioned
through a tube wall to facilitate the transport of the
pressurizing medium, e .g., water, into the assembly.
The inlet includes a leak tight connection end 92 for
purposes of facilitating attachment of the same to a
conventional pressurizing medium delivery device, such
as a water delivery pipe. In a preferred embodiment,
the inlet 90 is positioned near the bottom of
displacement tube 54 and is configured to accept
delivery of pressurized water from a suitable
pressurizing device such as from a discharge end of a
pump or the like. [0054] The above-described assembly
30 is operated in the following manner to form a PCSP.
Before placement of the pressure top 66 and locking
member 84 over the top portion of the assembly, a
desired volume of concrete or mortar composition is
poured or otherwise delivered into the chamber 46
formed between the metal shell 32 and the collapsible
inner mold member 52. [0055] In an example embodiment,
the concrete or mortar composition comprises a mixture
having the following characteristics. One desired
characteristic is that the concrete or mortar be self
leveling, so it acts like 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.[0056] In a preferred embodiment, the
prestress of the concrete core will be very small or 



eliminated as the internal pressure reaches operating
pressure. Maximum tensile strain in the concrete core
will be limited to assure the concrete core is in
contact with the inside diameter of the metal shell or
only a very small annual gap exists between the
concrete core and the inside diameter of the metal
shell. Such contact or close proximity will help
ensure that the concrete core provides the high
alkaline environment needed to protect the steel from
corrosion for a period of approximately 50 years. In a
preferred embodiment, the steel will carry the loads
from pressure, without using any of the available
steel stress for earth loads or reaction to the
concrete or mortar core. The core and adjacent
backfill support will provide the stiffness needed to
support the external loads from soil weight, pipe
weight and water weight. In an example embodiment, the
concrete or mortar composition is self leveling with
limited shrinkage, and is unreinforced, e .g., does
not include any rebar or other metal reinforcing
members disposed therein. [0057] The volume of
concrete or mortar composition that is used for making
PCSP in this manner can vary depending on such factors
as PCSP length, and the desired concrete liner
thickness. The concrete or mortar composition is
delivered into the chamber 46 until the top surface of
the pour extends into the top edge of the end 34. In
an example embodiment, the concrete or mortar
composition is delivered into the mold such that its
surface extends a distance into the top ring 58. As
noted above, the top ring 58 operates to provide an
extra volume of concrete or mortar useful for
addressing the downward movement of the concrete or
mortar surface level within the mold during
pressurization due to the outward expansion of the
steel shell. In an example embodiment, the volume of
concrete or mortar disposed above the end 34 is
sufficient to make up for the vertical height change
during pressurizing such that the final level of the
concrete is just at the top of the end 34. The
equations presented above provide an example
calculation of the vertical drop in concrete height
during the pressure casting process. [0058] Once the
concrete composition 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 ofthe
assembly that is disposed above the surface of the
concrete or mortar composition, and that is defined
generally within the central region of the top ring.
The water within the assembly has the same pressure
within the chambers 94 and 96, thereby operating to
impose a 



desired stressing force onto the concrete or mortar
composition while at the same time supporting the
radial placement position of the collapsible core
within the assembly, e .g., equal pressures are
exerted on both sides of the collapsible inner mold
member operating to maintain its radial position
within the assembly. [0059] The pressure of the water
within the assembly is maintained at a constant level
for a desired period of time during the casting and
curing of the concrete or mortar composition. The use
of water as the pressurizing medium allows for makeup
water to be supplied as needed, during the
pressurizing process to address any leakage that may
occur at the various sealing rings, without the fear
of causing a pump failure, i.e., water will not cure
in the pressurizing pump as would occur if pressure
was maintained by a concrete or grout pressure pump.
The exact amount of time that the concrete or mortar
composition is pressurized will vary depending on the
particular pipe design and/or performance criteria,
the type of concrete composition used, as well as the
particular end-use application. [0060] PCSPs, and
methods for making the same, according to principles
of this invention can be better understood with
reference to the following example. Example - a PCSP
was formed using the assembly illustrated in FIG. 2,
having an metal shell inside diameter of approximately
92 inches, by delivering a concrete composition
comprising approximately 750 lbs cement (Type VU),
1490 lbs coarse aggregate, 1400 lbs sand, 319 lbs
water, 60 fl oz high range water reducing admixture
(Glenium 7700), 10 fl oz viscositymodifying admixture
(VMA 538), and comprising a small amount of air voids
(2.5%), wherein the total weight of the composition
was approximately 3959 lbs. 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 moldchamber, water
was introduced into the mold assembly such that it
covered the surface of the concrete composition. The
water in the assembly was pressurized to a pressure
that produced a stress in the steel of approximately
90% of specified minimum yield strength (SMYS). In
this case, the steel is X60 with a minimum yield of
60,000 psi, so the internal pressure required to
produce 54,000 psi is approximately 188 psi. Note in
the example given, the D/t 



ratio is 92/0.16 = 575, which is beyond the
conventional practice in water pipe design and is only
possible due to the thicker concrete liner capable of
supporting the external e arth loads. The water
pressure was maintained at this level for
approximately 24 hours, imposing a stress on the steel
pipe of approximately 54,000 psi causing it to expand.
After 24 hours of elevated temperature cure, e .g., at
between 140 to 16O0F, the collapsible inside mold
member was moved into its retracted position and the
water pressure within the assembly was relieved,
causing the steel pipe to retract onto the concrete
core placing it into compression. The resulting PCSP
was removed from the assembly, and the PCSP was
allowed to continue curing under ambient pressure
conditions. Immediately after the initial elevated
temperature cure, the concrete core of the PCSP was
under a compressive stress of approximately 1659 psi.
See the series of equations presented above that
provide an example calculation. [0061] A feature of
making PCSPs in the manner described is the use of
water as the pressuring medium rather than using the
concrete itself or grout as the pressurizing medium. A
disadvantage of using the concrete composition or
grout as the pressuring medium is the damage that can
occur to a pressuring device, such as a pump or the
like, due both to the inherently abrasive nature of
the concrete composition as well as the change in
rheologic characteristics that are known to occur over
time as the composition cures, making the task of
maintaining a desired constant pressure force even
more challenging. [0062] The use of water as a
pressuring medium for pressurizing the concrete or
mortar composition avoids these iss ues and enables
imposing a constant pressure onto the concrete
composition in a manner that is relatively eas y to do
using conventional pumping equipment, and in a manner
that is not affected by the curing of the concrete
composition. Further, since the concrete composition
is self leveling it will largely act like water and
transfer the pressure applied to the surface of the
composition in the mold to the metal shell. This
transferred pressure causes the metal shell to grow in
diameter as it would under a normal hydrotest
pressure. If during the pressuring process any minor
leakage occurs at any of the sealing surfaces, the
water pressuring device, e .g., a pumping device, can
easi ly make up for the lossto keep the metal shell
stretched. Because the concrete or mortar composition
can cure under water, the water pressure cap allows
for the composition to cure while also maintaining a
desired pressuring force via makeup water should there
be any leakage of the concrete or mortar composition.
[0063] Once the concrete or mortar core has been
subjected to a desired pressure for a desired duration
of time, the pressure is removed by releasing the
water from the assembly, causing the metal shell to
shrink onto the cured concrete liner or core, thereby
prestressing 



the core by placing it into compression. Once this
occurs, the inside diameter of the concrete or mortar
liner is also reduced, causing it to be clamped onto
the collapsible core, thus the need for using an
internal core member that is collapsible to facilitate
its removal from the now formed PCSP pipe. In a
preferred embodiment, once the PCSP has been
pressurized for a desired duration, the collapsible
inner mold member is first collapsed prior to
releasing the pressure within the assembly so as to
avoid damaging the inner mold member by the clamping
force of the core, and to facilitate or ease the
process of collapsing or otherwise reducing the
diameter of the inner mold member. [0064] In an
example embodiment, the mold assembly is configured so
that the water pressure within chambers 94 and 96 are
the same, e .g., the chambers are configured such that
the water pressure within the chambers 94 and 96 are
in fluid flow connection with one another. In the
example embodiment illustrated in FIG. 2, the
pressurizing water will flow from the chamber 94 to
the chamber 96 across the lips or centering rings 70
due to no seal. If desired, grooves and/or holes can
be provided to augment the desired passage of water
between the chambers 94 and 96. [0065] Once the inner
mold member is collapsed, and the pressure is
released, then the pressure top 66 is removed and the
remaining elements of the molding/pressurizing
assembly are then disassembled. The PCSP can be
removed from the base ring 38. The removed PCSP can be
transported to a desired location for further curing
of the concrete or mortar liner under ambient pressure
and in a hydrating environment, e .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 curedduring
the first 24 hours while maintaining the casting
pressure inside the mold. The 24 hours of steam cure
can get the PCSP to the equivalent of a 7-day ambient
cure level that is normally 80% of the strength at
28-days. The elevated temperature steam cure
accelerates the curing rate, allowing the PCSP to be
removed from the pressure casting assembly quicker,
thereby improving the manufacturing rate of making
additional PCSP. [0066] FIG. 3 illustrates another
example assembly 200 useful for making the PCSP in
accordance with the principles noted above, that is
somewhat similar to that disclosed above and
illustrated in FIG. 2 in that it makes use of a
collapsible inner mold member and a water pressurizing
medium to pressure cast and form the PCSP. Generally,
the assembly makes use 



of a cylindrical metal shell 202 comprising ends 204
and 206 and that defines an exterior surface of the
resulting PCSP. The assembly 200 includes an annular
base ring 208 that is positioned at a bottom portion
of the assembly and that is in sealed contact with an
inside surface of the end 206. The base ring can be
configured in generally the same manner as the base
ring described above used in the assembly illustrated
in FIG. 2. [0067] A generally cylindrical displacement
tube 210 is positioned concentrically inwardly of the
metal shell 202 and extends longitudinally upwardly
from the base ring 208 to an upper ring of the
displacement tube 212 that is in contact with a top
cap assembly 213 positioned at an upper section of the
assembly 200. The displacement tube is generally
configured in the same manner as described above for
the assembly of FIG. 2, and includes a water inlet 214
extending through a wall portion for receiving
pressurizing water into the assembly. [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 pouringcavity
228 therein. The top ring 224 includes at least one
lip or ring 230 projecting downwardly to register with
an outside surface of the collapsible inner mold
member 216 to limit its radial movement during the
pressure casting process. [0070] The top ring section
212 is attached to an upper end of displacement tube
210. The top cap assembly 213 is positioned over the
top ring section 212 of the displacement tube 210. The
top cap assembly 213 includes a fill tube 232 that
passes through an opening that extends through an
upper annular ring 236 and a lower annular ring 231 of
the top cap assembly 213 to facilitate the delivery of
the concrete or mortar composition into the pouring
cavity 218 and 228 before pressurization. The fill
tube 232 can include a watertight connection end to
accept attachment with a suitable concrete or mortar
delivery device, such as piping or the like. In an
example embodiment, the fill tube 232 has a diameter
of about 4 inches, to facilitate the pumping or
pouring of the concrete or mortar composition 



therethrough. In an example embodiment, the top cap
assembly 213 and the top ring 224 are combined as a
welded together element at the lower annular ring 231.
[0071] The top cap assembly 213 is made up of an upper
annular ring 236 and a lower annular ring 231 that are
spaced apart and fixed together by gusset plates. The
top cap assembly 213 is placed into sealed contact at
annular seals 234 and 226. The top cap assembly is
held in place by the use of a locking member 238, such
as a snap ring and the like. In an example embodiment,
the locking member 238 is a snap ring that is placed
into locked position by engagement within a groove
disposed along an adjacent surface of the end ring 212
attached to the displacement tube 210. [0072] The
materials used to form all 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.[0074] As shown in FIG. 3,
and as explained above for the assembly illustrated in
FIG. 2, the concrete or mortar composition fill level
is a desired distance above the end 204 to account for
the drop in concrete surface level during
pressurization, due to the outward expansion of the
metal shell. In an example embodiment, the assembly
200 can include another tube that is positioned
approximately 180 degrees from the fill tube, and that
can be used as an observation tube for determining
when the desired concrete surface level is reached. If
desired, a float or the like can be placed in the
observation tube to facilitate accurate fill level
determination. [0075] Once the concrete or mortar
composition has been delivered, the fill tube is
closed off and water is directed into the assembly
through the inlet 214 at a desired pressure. The
pressurized water fills the annular space between the
displacement tube 210 and the collapsible inner mold
member 216, and then passes over the top edge of the
collapsible inner mold member and enters the pour
cavity 228 where it operates to pressurize the
concrete or mortar composition. The water pressure
operates to impose a desired stressing pressure on the
concrete or mortar composition that transmits the same
to the metal shell in the same manner described above
for the assembly illustrated in FIG. 2. 



[0076] FIG. 4 illustrates another example assembly 100
useful for making the PCSP in accordance with the
principles noted above. Unlike the example assembly
illustrated in FIGS. 2 and 3, that make use of a
collapsible inner mold, the assembly embodiment
illustrated in FIG. 4 makes use of a wall member, e
.g., a bladder, a fiberglass pipe or the like, that is
capable of being used to both form the inside diameter
of the concrete liner during the pouring and pressure
casting process, and that is removable from the
concrete liner once the PCSP is formed by removing the
initial expansion pressure in chamber 152. [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.[0078] The base
ring 108 further includes a mechanism for engaging and
forming a seal with a wall member 116. In an example
embodiment, the mechanism is provided in the form of a
seal ring 118 that is configured to fit within a
groove 120 disposed along a top surface of the ring
and that is removably attachable to the ring by a
threaded attachment means 122. The seal ring is
configured to engage an end portion of the wall
member, attaching and sealing it to the base ring. A
sealing member 124 may be used if necessary to ensure
a desired seal between the wall member and the base
ring. [0079] Moving to the top of the assembly 100, a
top ring 126 comprises an outer section 128 that is
positioned over a portion of the end 104, and one or
more annular sealing members 130 are positioned within
respective grooves 132 disposed circumferentially
around the end 104 to provide a seal with the outer
section 128. The top ring 126 includes an inner
section 134 that is positioned against a top section
136 that is connected to the displacement tube 138.
The displacement tube extends longitudinally between
the base ring and the top section and is positioned
concentrically inwardly of the wall member 116. The
top section 136 includes a groove 140 having an
annular sealing member 142 disposed therein that
provides a desired seal with the top ring inner
section 134. [0080] The wall member 116 is attached to
the top section by a suitable attachment mechanism
144, depending on the type of material that is
selected for use as the wall member. In the event that
the wall member is provided in the form of an
elastomeric bladder, 



the attachment mechanism used to attach the same to
the top section can be a signode strap or the like. It
is to be understood that the exact type and/or
configuration of the attachment mechanism used to
attach the wall member 116 to the top section and base
ring can and will vary depending on the type of
material and/or structure that 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 e
ither 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
filltube (as shown in the assembly illustrated in FIG.
3) that extends through the cap 148 for delivering a
desired volume of the concrete or mortar composition
into the assembly. [0082] The assembly 100 illustrated
in FIG. 4 is used to form a PCSP in the following
manner. Once a desired volume of the concrete or
mortar composition is poured, pumped or otherwise
delivered into the mold cavity or chamber 146 to a
desired level within a water chamber 150 (as noted
above to address the drop in concrete surface level
during pressurization) and the concrete or mortar fill
source is sealed off, pressurized water is introduced
into the assembly 100 so that it covers the surface of
the poured concrete or mortar composition and fills
the water chamber 150 disposed within the top ring
128. [0083] In one embodiment of the assembly 100, the
wall member 116 is a passive member such as an
elastomeric bladder or the like and the assembly
comprises an annular chamber or cavity 152 that is
filled with a desired volume of fluid such as water.
As the water pressure in the mold chamber 150 is
increased to a desired level, the water pressure in
the annular cavity 152 increases by passive reaction
directly onto the displacement tube. No real force is
exerted to the wall member itself in this embodiment
since the fluid in the bladder, i.e., water is
incompressible. [0084] In another embodiment of the
assembly 100, the wall member 116 is an active member
such as a fiberglass pipe that has been positioned
concentrically around the displacement tube. In this
embodiment, prior to casting the concrete core, the
annular chamber or cavity 152 existing between the
displacement tube and the pipe is pressurized by a
fluid such as water, and the pipe is expanded under
pressure. The pressuring fluid within the cavity 152
is sealed off, and pressurized water is introduced
into the mold chamber 150 as 



described above to pressure cast the concrete or
mortar liner. [0085] The water pressure that 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 ormortar liner placing it into a compressed
condition, and causing the inside diameter of the
concrete or mortar liner to decrease. The fluid in the
annular chamber 152 of both embodiments noted above is
then released therefrom, causing the bladder in one
embodiment and the fiberglass pipe in the other
embodiment to contract and free itself from the inside
diameter of the cured concrete or mortar liner,
thereby enabling removal of the so-formed PCSP from
the assembly. The assembly elements are then
disassembled and the resulting PCSP can be removed as
described above for the assembly embodiments
illustrated in FIGS. 2 and 3. [0087] Generally
speaking, PCSPs constructed in the manner described
above are pressure cast using the assemblies and
according to the process methods noted above for a
period of approximately 1 day or 24 hours, allowing
the concrete or mortar composition to set and
initially cure. The concrete or mortar compositions
used to form PCSPs of this invention can include a
desired amount of an expansive additive or agent for
the purpose of achieving an increased and/or continued
amount of prestress as the PCSP continues to cure
during and after it has been pressure cast. The use of
an expansive additive can also make up for curing and
drying shrinkage that occurs during the cure of the
concrete or mortar core and for creep in the concrete
or mortar caused by the compressive stress applied to
the concrete liner from the steel cylinder. The use of
the expansive additive can help to maintain the
maximum prestress on the concrete core and metal shell
relative to the pressurized stress in the metal shell
during the pressure casting process and curing stages.
[0088] In an example embodiment, it may not be
possible or desirable to pressure cast above
approximately 90% of SMYS. The release of pressure
during the pressure cast process reduces the steel
stress in the PCSP to a value substantially below 90%
of SMYS. At this point, the presence of an expansive
agent in the concrete or mortar composition can apply
more stress to the steel to offset the losses from
creep and shrinkage, without over stressing 



the steel. It is desired that the expansive agents
used for this purpose have a delay time from initial
concrete cure that allows the concrete to set
sufficiently to resist the steel prestressing and then
later (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 e
ffects offset each other after the pipe is pressure
cast.[0089] Suitable expansive agents useful for this
purpose include those available under the product name
Komponent from CTS Cement Manufacturing Corp, to
compensate the shrinkage due to drying and creep. In
an example embodiment, the expansive agent can
comprise up to about 15 or 20 percent by weight of the
cement component used in the concrete composition. It
is to be understood that any optional use of an
expansive agent and the amount of any such use can and
will vary depending on a number of factors such as the
materials used to form the pipe, the engineering
design criteria and performance parameters, and the
end-use application. [0090] In an example embodiment,
the casting pressure is set to 90% of SMYS during
cure. The initial prestressing of the concrete core is
reduced by cure shrinkage of the concrete, drying
shrinkage of the concrete plus creep in the concrete
liner and steel pipe. These losses are such that the
full design stress possible for the steel cylinder
cannot be reached without removing all the prestress
placed onto the concrete liner and e ither placing the
concrete liner into tension or introducing the
possibility of a deleterious annular gap between the
concrete liner and steel pipe during operation. Note
that small annular gaps or tension in the concrete is
acceptable and proven in concrete and steel pipe such
as AWWA C300 pipe, but excess strain in the steel
shell must be avoided. The concrete liner could be
anchored to the steel pipe to prevent this annular
gap, thus placing the concrete liner in tension during
operation. All of these variants are possible and may
be desirable for specific applications. [0091] In a
preferred embodiment, the concrete or mortar liner is
under very small prestress from the steel cylinder at
operating pressures or the steel cylinder is expanded
a very limited amount above the free diameter of the
concrete or mortar core at operating pressures. This
allows all the allowable design stress in the steel
pipe to be used for resisting internal pressure, while
the liner and adjacent backfill support can be used to
resist the buried earth loads plus pipe and water
weight. The amount of expansive agent required to
achieve the preferred embodiment will depend on the
casting 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 withthe
initial casting pressure, the drying and cure
shrinkage, the expansion of the concrete from the
expansive agent plus the creep in the steel and
concrete liner under sustained load. [0092] A feature
of PCSPs constructed in the manner noted above is that
they comprise a concrete or mortar liner that is
capable of providing a degree of corrosion resistance
that meets that currently provided by PCCP, reinforced
concrete steel cylinder pipe, and conventionally
designed mortar lined steel pipe, e .g., on the order
of 50 years. Further, such PCSPs comprise a metal
shell that places the concrete liner in a compressed
condition, and that does so in a manner that is more
robust and not prone to sudden failure when compared
to PCCP, e .g., by the corrosion and breakage of
tensioning wires. Further, the metal shell can be easi
ly coated with a suitable polymer material or the like
that is capable of providing a desired degree of
dielectric protection/resistance from the unwanted e
ffects of a corrosive environment or cathodic
interference. Further, the metal shell can be easi ly
repaired by welded patch or the like, should a
corroded section be ide ntified, without having to
remove the pipe from service and/or without having to
remove the pipe from its buried location. [0093] Still
further, PCSPs constructed in the manner noted above
can be formed in a single step of pressure molding,
where the concrete liner is formed in situ as the
prestressing force is imposed onto the metal shell
that subsequently operates to place the concrete in a
compressed condition, thereby avoiding multiple steps
resulting in saved time and labor. Still further,
PCSPs constructed in the manner noted using water as
the pressuring medium above avoid the possibility of
pump failure during the pressuring process that could
result in a scrapped part, lost material and labor
cost and reduced manufacturing efficiency. [0094]
Still further, PCSPs constructed according to
principles of the invention provide a pipe structure
that is very stiff during transport and installation.
In conventional concrete mortar lined steel pipe, the
pipe is so flexible that stulling, wooden or metal
supports inside the pipe, is needed to prevent the
pipe from excessive flexing, collapsing and or
breaking the liner. The thicker liner with the
compression applied to the liner from the steel
associated with the PCSP makes the pipe very robust
for transport and burial without the stulling, which
provides a further reduced expense when compared to
conventional concrete lined steel pipe. The equations
presented above provide an example comparison of the
pipe stiffness of conventional steel pipe versus
pressure cast steel pipe.[0095] Other modifications
and variations of PCSP constructions, and methods and 



assemblies for making the same, according to the
principles of this invention will be apparent to those
skilled in the art. It is, therefore, to be understood
that within the scope of the appended claims this
invention may be practiced otherwise than as
specifically described.What is claimed is : 1. 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; 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.
2. The pipe as recited in claim 1 wherein the ratio of
the wall thickness between the liner and the metal
shell is in the range of from about 5:1to 80: 1. 3 The
pipe as recited in claim 1 wherein the ratio of the
wall thickness between the liner and the metal shell
is in the range of from about 10:1 to 50:1. 4. The
pipe as recited in claim 1 wherein the wall thickness
of the metal shell is in the range of from about 0.06
to 0.75 inches, and the wall thickness of the liner is
in the range of from about 1.5 to 10 inches. 5. The
pipe as recited in claim 1 further comprising a
coating of dielectric material disposed along an
outside surface of the metal shell. 6. The pipe as
recited in claim 1 wherein the concrete liner is
formed in situ while an uncured concrete or mortar
composition and the metal shell is pressurized 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;releasing the pressure force
after the concrete or mortar composition has achieved
a degree of cure to form a concrete or mortar liner,
wherein the step of releasing causes the metal shell
to impose a compression force onto the liner; and 



removing the movable core member from an inside
diameter of the liner. 9. The method as recited in
claim 8 wherein the step of subjecting the concrete or
mortar composition to a pressure force involves
subjecting a surface of the concrete or mortar
composition to a pressurized fluid. 10. The method as
recited in claim 8 wherein the pressurized fluid is
water. 11. The method as recited in claim 8 wherein
the movable core member is provided in the form of an
elastomeric member. 12. The method as recited in claim
8 wherein the movable core member is provided in the
form of a collapsible rigid member. 13. The method as
recited in claim 8 wherein the movable core member is
provided in the form of a cylindrical rigid structure
that can expand to permit formation of the liner and
contract to permit removal of the core after pressure
casting. 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 8 wherein the
concrete or mortar liner is in direct contact with an
inside wall surface of the metal shell.19. A pressure
cast lined steel pipe made according to the method
recited in claim 8 wherein the concrete or mortar
liner has a wall thickness that is about 10 to 50
times the wall thickness of the steel shell. 20. A
pressure cast assembly for making a lined steel pipe
comprising: a cylindrical metal shell defining an
outer portion of the pipe; a base member operatively
connected with a bottom portion of the metal shell; a
top member operatively connected with a top portion of
the metal shell; an inner mold member positioned
concentrically inwardly of the metal shell; an annular
chamber formed between the metal shell and inner mold
member for 



accommodating a volume of a concrete or mortar
composition therein; and means for introducing a fluid
pressurizing medium into the mold and onto a surface
of the concrete or mortar composition to cause the
composition to expand the metal shell; wherein the
inner mold member diameter is reducible once the
composition has reached a determined degree of cure. 2
1. 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.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. 


