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The use of concrete lining in steel pipes has been
known for a long time. Of all known protective
coatings, this concrete lining has the advantage of
providing a very smooth skin whose surface improves
in quality with use, and of giving excellent protection to
the metal, even in a very thin shecet, against corrosive
damage by the liquids the pipe carries, especially water,
As a result, the thickness of a steel pipe with such a
lining theoretically only has to be great enough to
withstand the strains put upon it with no need for excess
thickness that can be "sacrificed"” to future corrosion. In
addition, liquids flow better since there 1s no risk that
protuberances, corrosion tubercles or oxide nodules will
form on the metal, causing relatively significant
hydraulic head loss. ]

However, its protection of the metal is really effective
only if there are no cracks in the concrete; this means
the steel pipe itself must not exceed an ullimate stress
roughly equal to that allowed by the tension of the
reinforcements in reinforced concrete, which is much
lower than the steel pipe’s load camying capacity
without permanent deformation. Conscquently, either
the stecl pipe must be strengthened externally with a
thick layer of reinforced concrete or the pipe’s thickness
must be greater than that required for the internal
pressure it must bear.

Another possibility, which is the purpose of this
invention, is to create simultaneous radial and axial
prestressing of the concrete lining by placing the stcel
pipe itself under tension in both of those directions. As
long as the stresses caused throughout the pipe by the
internal pressure of the liquid it carries or by the various
dynamic stresses

to which the pipe is subject while in use are less intense
than the initial prestressing. the concrete will work in
compression and therefore cannot crack,

We see, then, that the pipe’s steel shell can be used
without risk at a much higher maximum load and can
therefore withstand greater pressures and  iensions,
while still being thinncr. With this approach, the
amount of material used is minimized and the cost price
of a composite pipe is thus decreased to a large extent.

In this invention, the prestressed composite pipe
includes an infcgral steel pipe, possibly cnd collars
reinforced by creating joints via welding or any other
process; and primarily to prolect it against corrosion,
this stecl pipe is equipped with a radially and axially
prestressed concrete lining, and then with cladding.

The invention also encompasses a manufacturing
process characterized by the fact that it consisls of
lining the inncr surface of the stecl pipe with a layer of
concretc in a pasty state; inserting an elastic container
into this concrete lining; blocking the ends of the pipe
with flanges firmly attached to the end collars of the
steel pipe: filling this container with a hydraulic fluid
under pressure to creafe significant internal radial and
axial tensions in the pipc; maintaining constant pressurc
throughout thce concrete’s setting time; and then
emptying the container and removing the flanges.

Several other characteristics of the invention also
stand out in the detailed description below. An
embodiment of the invention is depicled, as an cxample,
in figures 1 10 7 in different phases of its manufacture.

The composite pipe includes a steel pipe 1 (fig. 1)
whose ends are made an inicgral part of it,

1—41290 Price of the hooklet: 1 NF
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for example by welding on thicker tabular collars 2 and
3, intended to facilitate and sirengthen the welded joint
between two contiguous composite pipes (fig. 2).

For insiance, these collars take the form of a thick
pipe, finished at one end by a chamfer 24 or 3a
facilitating a welded joint between two contiguous
pipes, and prolonged at its other end by a conical
thinning part 2b or 3b, making it possible to
progressively bring the open end of this pipe logether
with that of steel pipe 1. All types of stecl pipes can be
used, particularly those made by seamless rolling or
those madc by sheet rolling and by longitudinal or
helical welding. The steel pipe is as thin as is allowed
by the specific charactcristics ol the metal, by the
internal pressure it must withstand and by the safety
factor that was chosen, while collars 2 and 3 are thicker
to allow for very sturdy butt welds; morcover, these
collars can be shaped in different ways depending on
the type of joint used, the type that can be dismantled or
the type thal cannot, in connecting two contiguous
pipes.

In addition, the composite pipe includes a concrete
lining 4 that adheres directly to the stecl pipe (fig. 3).
The thickness of this lining is determined according 1o
the rules adoptcd for calculations for reinforced
concrete. This concrete is put in place and pressed
against the steel pipe, either by vibration in a metal
mold or, preferably, by what is known as the
centrifugation process, or, in fact, by any other
appropriate technigue.

The compositc pipe is, moreover, given cladding to
protect against corrosion, and this may consist of
bituminous or asphaltic insulating material reinforced
with Hessian cloth, asbestos or glass wool; this cladding
is then trcated according to a technique known as
“cathodic protection."

As specified in this invention, the resulting composite
pipe is prestressed in two preferential directions:
expanding radially and lengthening axially, As a result,
thc concrete lining works in compression; i.e., this
happens under good conditions, if the stresscs created in
these two preferential direclions by the piezometric and
dynamic excess loads that the composite pipe is
subjected to by the liquid it carries, as well as the
cxternal siresses, are less intense than the initial
SITCSSCS,

As speeified in this invention, the manufacturing
process for the prestressed composite pipe is illustrated
by figures 1 to 7, which depict basic phases.

The pipe | is taken to the first work station for the
placing and welding of end

coitars 2 and 3 (fig. 2); then the pipe is transported by
some appropriate device, on rollers. for instance, 1o a
second work station (fig. 3) where an even coat of
concrete is deposited on its inner surface, and once this
has been pressed, it becomes the lining 4. Note that the
lining extends the whole lengih of the steel pipe 1, but
that its ends, whether straight or at an angle, are
nonetheless slightly separated from the ends of collars 2
and 3. In this way, subsequent welding of the siceves of
two contiguous composite pipes can be easily carried
out end to end on the outside and, possibly, the inside,
since the space between these contiguous pipes’ linings
4 can be filled in, after installation, with a cemeni
mortar joint, at which peint the resulting conduit can be
passed to the next worker. At this second station, the
concrete can be deposited and pressed into place using
any appropriate technique, namely by vibration in a
metal mold or, preferably, by centrifugation.

Before the setting of the cement occurs, the so-called
primitive pipe is taken to another work station (fig. 4
and 5) where this cement will be prestressed. To that
end, a container 5, made of elastic matcrial such as
rubber, butyl, efc. is inserted into thc pipe. This
container is cquipped with a filiing nozzlc 6 intended to
link the container’s inner chamber 7 to an extermal
hydraulic fluid circuit 8. Then, the ends of the primitive
pipe arc blocked by thick flanges @ and 10 attached
firmly to steel pipe 1, for example using lemporary
electric welding or any other cquivalent mechanical
means. As an cxample, these flanges may be shaped as
depicted in figures 4 and 5. Sticking cut from them on
one of their surfaces is a Manged ring 11 that could
extend the corresponding collar 2 or 3 to allow a
tcmporary joint weld 12; and this border is scparated by
a pgap 13 for a center drilling 14 through the
aforementioned collar and abutting against the concrete
lining 4.

One of the end flanges, 10 for example, holds the
filling nozzle 6 for the container 5; this nozzle is
cquipped with a conncctor 15 that allows quick
attachment of the circuit § 10 the inner chamber 7. This
circuit, which preferably will use water as its hydraulic
fluid, includes a valve 16, supporting two passageways.
which is attached to connccter 15 by piping 17
cquipped with a pressurc tap associated with a pressure
gauge |8, The valve allows sclective connection of the
container 5 cither to the facility’s water supply system,
which, if unavailable, can be replaced by a high
capacity pump operating at low pressure to force watcr
in from a tank, or to a low capacity pump 20 opcrating
at high pressure; the



valve can, moreover, isolate the aforcmentioned
container 5 from both of these sources.

First, once the flanges 9 and 10 are firmly anchored
on the primitive pipe. one sets the valve 16 to open a
connection between the water supply system 19 or high
capacity pump and the container 5 to fill the latier with
water under low pressure. Sccond, once flling is
complete {fig. 5), one sets the valve 16 1o disconnect the
supply sysiem 19 and instead connect to the high
pressure pump 20. As soon as the pressure gauge 18
indicatces that the desired pressure has been attained, one
closes the valve 16.

The pressurc in the chamber 7 transmitied by the
concrete and by the flanges has the effect of creating
radial and axial tensions in the stecl pipe cqual to the
planncd intensity, since the pressure shown on the
pressure gauge 24 is that cstablished by the calculation
to obtain the desired prestressing.

The pressure is maintained insidc thc container 3
throughout the concrete’s setting time, whosc duration
is fixed by the standards adopted for prostressed
concrete. When the target date is reached, one opens the
valve 16, one empties the conlainer 5, and then one
removes the end flanges 9 and 10, for example by flame
cutting with an oxyhydrogen torch if they were welded.
Now that the external stresses that the primitive pipe
was subject to are gone and now that the concrete has
reached a suitable sturdiness, this pipe is in a state of
equitibrium such that the aforementioned concrete is
prestressed radially and axially; figures 5 and 6 clearly
show that these prestressings nun dircctly opposite to
the internal tensions on the pipe when subjected o
hydraulic pressure and to the stresses of longitudinal
tension that the pipc may have 1o withstand when
n use.

The resulting pipe is then taken to a final work station
for cladding with insulating matcrial 21, already
described, for protection against corrosion. Obviously
this station can be placed elsewherc in the production
line, such as between the stations illustrated in figures 2
and 3 or figures 3 and 4.

Various additional modifications can be introduced to
the cmbodiment and the manufacturing process
depicted and described in detail above. In particular, if
the axial prestressing created by the hydraulic fluid
under pressure is insufficient, one can very well
implement an additional device that applies traction to
the steel pipe, as drawn in dotted and dashed lines in the
diagram in fig. 5; this device would consist of a fixed
stop 22 on onc of the flanges, 10 for example, and a
hydraulic
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cylinder 23 pulling on the other flange, which would
therefore be 9.

SUMMARY

The invention consists of:

I. A prestressed compaosite pipe, characterized by the
fact that it includes an integral steel pipe, possibly end
collars reinforced by creating joints via welding or any
other process; and primarily to protect i against
corrosion, this steel pipe is equipped with a radially and
axially prestressed concrele lining, and then with
cladding for insulation.

. A manufacturing process for the prestressed
composite pipe, remarkable particularly for the
following characteristics, considered separately or in
combination:

1. The process consists of tining the inner surface of
the steel pipe with a laycr of concrete in a pasty state;
inserting an elastic container inte this concrete lining,
blocking the ends of the pipe with flanges firmly
attached to the end collars of the steel pipe; filling this
container with a hydraulic fluid under pressure fo create
significant internal radial and axial tensions in the pipe;
maintaining constant pressure throughout the concrete’s
setting time; and then cmptying the container and
removing the flanges;

2. The process consists of lining the inner surface of
the steel pipe and pressing the fresh concrete into place
through centrifugation;

3. The process consisis of connecting the inflalable
elastic container to an cxternal circuil that distributes
hydraulic fluid under pressure; the connection is
controlled by a valve, making it possiblc to isolate this
confainer throughout the concrete’s setting time;

4, The process consists of connecting the two-way
valve cither to & high-capacity pump or to the facility’s
water supply system, or else to a high pressure pump;

5. The process consists of seeking to increase the
concrele’s axial prestressing by sccuring the pipe’s
closure flanges not only against the action of the elastic
container filled with hydraulic fluid under pressure, but
also apainst the action of a press that tends to push these
two flanges further apart;

6. The process consists of attaching the flanges and
the steel pipe by mcans of 4 temporary weld, and flame
cutting them off after the concrete has been presiressed;

7. The process consists of covering the outer surface
of the steel pipe in cladding thaf insulates
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it and protects it from corrosion; this cladding with Hessian cloth, asbestos or glass wool and finished with
bituminous or asphaltic material is reinforced with cathodic protection.

MAURICE ALFRED ALEXANDRE SADOULET
By proxy:

Cabinet MADEUF

Regarding the sale of booklets, contact the IMPRIMERIE NATIONALE [NATIONAL GOVERNMENT PRINTING OFFICE],
27, rue de la Convention, Paris (1 5th arrondissement).



N. 1.264.614

Fiel.

M. Sadoulet

% 2
Fia.2,

ga

H | SO

R TR XN Ao

O

A .

1 BN —

. E eSO, Aas. oy

298~

\ L.

N EEHIERE BCTEs
P ek -’ﬂ';f

A PrR e

-1

= .y - - A~ — T
S w0 T I PRS- S
(o e W e s A L e

21

is - R e T T o o)
T ALl A \_ R 'S-"‘.:':"':-?-'—'--:“‘:'.3"._“"\ =2
:
e . | |-
X e ST | o T e T s

2

Sheet 1 0f 1



NORTHWEST

TRANSLATIONS, INC.

1660 Hidden Way
Malvern, PA 19355

P.O. Box 373
Paoli, PA 19301

CERTIFICATE OF TRANSLATION

February 12, 2010
To Whom It May Concern:

Enclosed please find the French into English translation of French
Patent N°1.264.614 titled “Prestressed composite pipe and the
manufacturing process for this pipe”, for an invention by Mr. Maurice
Alfred Alexandre Sadoulet, for Connolly Bove Lodge & Hutz LLP.
The translation was performed by a native speaker of the target
language, professional translator. The translation was subsequently
edited by ancther native speaker of the target language,
professional translator. The information the translation contains is
accurate and correct.

Sincerely,

WQMA_

Jeff Allen
President

Enc.

Phone: 484-318-8190

1ol Free 1-800-270-562()

Fax: 509-351-7529

Email: sales@nwiranslations.com

wawwe nwlransiations.com



United States Patent 9

) O AR A O R R

USQ05721378A
[11} Patent Number:

5,791,378

Stephens t4s1 Date of Patent: *Aug. 11, 1998
[54] METHOD FOR GROUTING PIPE LINERS 4170248 10/1979 Benpett €t al, oo srien 138/97
4583784 4/1986 Uhn .
4.678.370 1987 Allen oot 138197

[76]

[*]

121]
{22]

[63]
{511

(52)
{581

[56]

Inventor: Patrick J. Stephens. 1276 Chuckanut
Dr.. Bellingham. Wash. 98225

Notice:  The term of this patent shall not extend
beyond the expiration date of Pat. No.
5.241.993.

Appl. No.: 495,346
Filed: Jun. 27, 1995
Related U.S. Application Data

Continnation-in-part of Ser. No. 111,392, Aug. 25, 1993,
Pat. No. 5,427,154

Int, C1.% F16L 55/18
US.CL . -~ 138/98: 138/97; 264/269
Field of Search ..., 138/97. 98. 105,
138/140; 264/36. 269; 156/94. 294: 405/150.1,
150.2, 154. 155, 156; 106/625, 672. 677,
673, 681, 682
References Cited

11.S. PATENT DOCUMENTS
3758319 91973 Ermgene ... 1060675
3,774403 1171973 Cushing .. weere 1387105
3867159 2/1975 Ergene ... .. 106/675

3979217 91976 SUMOL ..eceversinmssemmrmaseesssessns 106/675

-

Ry

4786211 11/1988 Leutner et al. .
4867203 91985 Jan De Putter
4918627 19390
4948298  8/1990
498016 91990
493916 91990
4956932 91990
5063967 11/1991
5006616  3/1992
5.119.839  &1992
5141363  §/1992
5190705  3/1993

Primary Examiner—Patrick F. Brinson
Attorney, Agens, or Firm—Todd N. Hathaway

(571 ABSTRACT

A pumpable cement grout and method for use thereof for
grouting tiner pipes. The pumpable cement grout is a mix-
ture of a hydraulic cernent. water in an amount sufficient so
that the water-to-cement ratio of the grout is from about 0.60
to about 1.00 by weight. and pregenerated agueous foam in
an amount sufficient to adjust the wet density of the grout to
a value of from about 48 to about 72 pounds per cubic foot.
The pressure at which the grout is injected into the cavity is

maintained at or below a predetermined maximum pressure.,

s0 as to avoid colapsing the liner pipe.

22 Claims, 2 Drawing Sheets

> S\\‘\\T\\\\\\\\\\\\T\\\\Y‘L\\\\\J\\

v / ; . A A . - .r'-

¥4 S I )
L T L T R BT A A R N N L M

\

-y

g

89

L



FOAM
oncenTore | | WATER r—\_246/(wmzﬂ LCEMENTH FIG. |
i
S v ] vV "
FOAM FOAM SLURRY MIXER
22 soLUTION |~1ceNERATOR[ ] (DRUM-TRUCK
OR BATCHER)

20)

10

/

IBJ

/IZ

judjed ‘SN

8661 ‘I1 “3uy

730 [ WS

8LET6L'S



U.S. Patent Aug. 11, 1998 Sheet 2 of 2 5,791,378

FIG. 3

80 864 88 92 84
L~ -l/
7-\\*T\\.1-\\\\\\\\\ - PSRN SRR

"\\\\\\"”Xv\'\¥\\\\\\\\\

///////ﬁ//////

FIG. 4 T>5 FIG. 5
PRIOR ART

V///////////

: '- j ‘

102

S S S
bos




5.791.378

1
METHOD FOR GROUTING PIPE LINERS

This is a continvation-in-part of application(s} Ser. No. (
8/111.392 filed on Aug. 25. 1993 now U.S. Pat. No. 5427,
154.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to cement grouts
and methods for use of the same. More particularly. the
present invention relates to a pumpable cement grout for
grouting of annular cavities.

2. Background Ant

Much of the infrastructure of modern society is in nced of
repais or upgrading. or. at the least is in need of means for
reducing the frequency of such repairs. For example. it is
well known that a great many sewer systems throughout the
United States and elsewhere are greatly in need of frequent
Iepair.

One relatively new and effective technique that has been
used for upgrading sewer systems involves relining existing
concrete sewer lines with plastic liner pipe. such as high
density polyethylene (HDPE) pipe. The plastic liner is
inserted into the sewer line. and is pulled or jacked longi-
tudinally through the sewer line into place. In order to fit
within the concrete sewer line. the plastic liner pipe must
have an outside diameter which is smaller than the inside
diameter of the concrete sewer pipe. so as to provide
clearance between the two. An annular cavity is thus formed
between the pipe and liner. However. it is undesirable for the
liner pipe to be very much smaller in diameter than the sewer
pipe. lest the capacity of the upgraded sewer system be
adversely affected. Accordingly, plastic liner pipes are typi-
cally installed so that there is adequate. but minimal clear-
ance between the outside of the liner pipe and the interior
surface of the sewer pipe; in a typical installation. the radial
clearance (ie. the radial extent of the annular gap) may
range from about 3 inches to less than 1 inch.

Once the plastic liner pipe has been pulled or jacked into
place. it is usually desirable to fill the annular space between
the pipe and liner with grout to protect the liner from future
damage. The potential for such damage may exist. for
example. when the old concrete pipe is badly deteriorated
and there is a danger that portions of the wall of the pipe may
fail. A material which has been found suitable for such
protective grouting is concrete grout which. in conjunction
with the inexpensive plastic liner pipe. provides the poiential
for old sewers to be rehabilitated with minimal excavation
and cost. However, the inside diameters of conarete sewer
pipes typically range in size from sbout 60 inches down to
15 inches or less, and so direct aceess to the interior of the
sewer line by personnel and construction equipment is
usually difficult or impossible; this precludes the possibility
of grouting of the pipe liner by means of the conventional
cement grouting techniques which are used for backfilling
large minnels and similar structures, which typically involve
boring holes through the wall of the tunnel at a multiplicity
of points along the length of the tunnel. and then injecting
cement grout through the holes and into each local area of
the cavity about the tunnel.

Becausc of this inability to apply proven. conventional
techniques. grouting of plastic sewer liners has been
attempted by injecting a cement grout into the annular cavity
at a first point along the pipe so that the grout flows
longimdinally through the cavity towards a second point
along the pipe. However, a very serious problem has been
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encountered when attempting to usc this techrique because
the plastic liner pipe itself is fypically unable to resist the
significant external pressures which arc exerted by the
injected concrete grout. As noted above, the space berween
the plastic liner pipe and the existing sewer pipe is typically
small: hence, it is typically very difficult to maintain a low
grout pressure when pumping the grout longitudinally
through the annular cavity. Unfortunately. the plastic liner
pipe can easily collapse under even relatively low pressures,
some pipes being unable to withstand external pressures as
low as 3 pounds per square inch (psi). For example. a plastic
liner pipe which is commonly used for lining sewer pipe is
high density pelyethylene (HDPE) pipe having a wall thick-
ness of SDR 32,5 (where SDR is the ratio of outside
diameter-to-wall thickness). HDPE pipe having a wall thick-
ness of SDR 32.5. while able to contain significant internal
pressures. has a tendency to collapse within one day if
subjected to an exlernal pressure in excess of 4 psi. Another.
less commonly used size of HDPE pipe has a wall thickness
of SDR 26. and terds to collapse when subjected 1o an
external pressure in excess of 8 psi. Such external pressure
maximums can easily be exceeded when attempting the
longitudinal injection techniques described above using con-
ventional cement grouts. The conventional cement grouts
generally exhibit fairly high viscosities. and relatively high
injection pressures arc thus required to force the grouts
along the annular cavity. Furthermore. as the grout moves
throtigh the anpular cavity, the grout tends to hydrate (i.e.
bind or set up). particularly if the concrete sewer pipe and/or
plastic liner are dry, thus compounding the difficulty of
maintaining a low grout injection pressure; also. in many
cases the plastic liner may be ribbed or corrugated. and the
increased external surface area of this pipe tends to com-
pound the hydration factor, as well as add increased friction.

These problems becorne critical when long distances arc
encountered between sequential injection points, in other
words. when the individual runs to be grouted between
access points are fairly long. This is often the case in
conventional city sewers. where the distance between access
points provided by manholes is often on the order of
300-500 feet or more. In some such cases. the contractors
performing such grout work (using conventional cement
grouts). have resorted to the expedient of drilling access
holes vertically through the pavement and soil overlying the
sewer pipe so as to provide additional grout injection points.
which is obvicusly a costly and time-consuming makeshift
approach. But. if the plastic liner collapses during the grout
injection. the consequences may be catastrophic for the job.
Not only is the flow of sewer water through the sewer line
blacked by such a collapse, which may cause an overflow.
but it may also be necessary to excavate and replace the
entire section of sewer line in which the liner is collapsed.
at great expense.

As was noted above, the problem of high grout pressures
often develops in installations where the annular clearance
between the pipe and liner is relatively tight. ¢.g.. in a range
of about 3 inches or Jess, and also in small-moderate
diameter installations, However, similar problems can some-
times develop in large or very large diameter installations.
and also where there arc relatively large anoular clearances.
For example. synthetic pipe liners are available in the 10
foot diameter range. and 30 foot plus diameter water/sewer
lines are in existence. As a general rule. howeverthe larger
the diameter of the Liner. the lower the external pressurcs
which it can withstand. Moreover. when grouting very large
diameter installations. fluid loss from the grout can reach
very high levels owing to the large surface areas involved.
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Accordingly. even though the annular clearance may be very
great. the development of excessive grout pressures and the
resultant collapse of the liner can be a very real problem in
such installations. even when using straight-sided liner pipe.

An analogous problem can develop when using certain
liger systems which have buttresses or flanges which extend
around the outside of the synthetic liner pipe so as to support
the liner within the original conduit. An example of a liner
system of this type is that which is available under the
trademark “T-LOCK" from the Danby Company. A simpli-
fied example of a liner 100 of this general type is shown in
FIG. 4. As can be seen, this comprises the liner pipe 102
having outwardly extending flanges 104 about its outer
surface. which extend to and engage the inner wall of the
conduit 106. Each of the flanges 104 extends around the
perimeter of the liner pipe. so that a series of annular voids
108 arc formed between the liner and the conduit.

The voids 108 must be filled with grout 114 to complete
the installation, as is shows in FIG. 4. with injection ports
112 being provided in the liner pipe 102 for this purpose. As
the grout flows in a generally circumferential direction
through the long annular chambers or channels 108, hydra-
tion and fluid loss problems may develop. Also. the actual
weight of the grout itself becomes an important factor: As
can be secn in FIG. 5. when using prior art grouts to fill the
cavities 108. the weight of the grout 110 increases the
extermal pressure on the lower sides and bottom of the liner
pipec 102, As a result, these areas tend to collapse inwardly,
forming large, inwardly extending blisters or “puckers” 114,
If substantial. such inward collapse of the liner pipe can ruin
the installation,

Although the particular type of liner system which is
shown in FIGS. 4-§ is a notable example of this problem.
owing both to the injection pressures which develop in the
annular cavities and the relative sensitivity of the particular
liner pipe to external pressures. it will be understood that this
same kind of problem can in some cases develop when using
more conventional. straight-sided liner pipes. particularly
when quite large conduits/linexs are involved.

Acoordingly. there exists a need for a grout material for
grouting plastic sewer liners and the like, and a method for
the use thereof. which is both effective and inexpensive. yet
which reduces the possibility of collapse of the plastic liner
pipe during grouting of the liner in the sewer line. particu-
larly when using a ribbed or corrugated liner. Furthermore.
there exists a need for such a grout material and method for
use thereof which employs a fluid yet lightweight grout
material which will reduce or eliminate the problem of the
weight of the grout itself causing excessive external pres-
sures on the lower and bottom portions of liner pipes.

SUMMARY OF THE INVENTION

The present invention has solved the problems cited
above. and is a method for lining a conduit. Broadly, the
inethod comprises the steps of: (a) placing a liner in the
conduit so that at least one cavity is formed intermediate the
conduit and the liner. an interior of the liner being main-
tained substantially unpressurized. and the liner having a
tendeancy to collapse if subjected to an external pressure in
excess of a predetermined maximum pressure, (b) forming
a pumpable cement grout. the grout comprising hydraulic
cement. waler in an amount sufficient so that the water-to-
cement ratio of the grout js from about (.60 to about 1.00 by
weight. and pre-generated aqucous foam in an amount
sufficient to adjust the wet density of the grout to a value of
from about 48 to about 72 pounds per cubic foot. (c)
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pumping the cernent grout into the cavily under positive
pressure so that the grout fills the cavity by flowing in a
dircction generally along an axis thereof. and (d) maintain-
ing the positive pressure under which the grout is pumped
into the cavity between the conduit and liner at about equal
1o or less than the predetermined maximum pressure.

The step of forming the pumpable cement grout may
further comprise the steps of determining the densily of the
liner, and mixing the pre-generated aqueous foam into the
grout in an amount sufficient to adjust the density of the
grout to a value substantially equal to or less than that of the
liner. so as to avoid the liner floating on the grout to the top
of the interior of the conduit.

The method may further comprise the step of directing a
flow of fluid. such as water or sewage. through the liner. and
the step of determining the density of the liner may comprise
determining the density of the liner carrying the flow of the
fluid. The flow of fluid may be backed up into the liner. so
as to increase the denmsity of the liner and to permit the
density of the grout to be increased while still remaining
equal to or less than that of the liner.

The method is applicable to both small diameter (60 inch
or less) and large diameter (greater than 60 inch) conpduits/
liners. The grout may be flowed generally in the direction of
the longitudinal axis of the liner. or may be flowed in a
generally circumferential direction. depending upon the
orientation of the cavities.

These and other features of the present invention will
become apparent from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram representation of apparatus for
gencrating the pumpable cement grout of the present inven-
tion;

FiG. 2 is a perspective view of a length of concrete sewer
pipe having a plastic liner pipe installed therein and being
grouted in accordance with the present invention:

FIG. 3is a longitudinal cross-sectional view of a length of
concrete pipe having a spirally corrugated plastic liner pipe
installed therein and being grouted in accordance with the
present invention;

FIG. 4 is a longitudinal cross-sectional view of a length of
concrete conduit having a type of liner pipe installed therein
in which there are support flanges which extend radially
from the liner pipe to engage the inner surface of the conduit.
thus forming annular cavities which are filled with grout to
complete the installation: and

FIG. § is coss-sectional view taken along line 5—5 in
FIG. 4. showing the development of an inward collapse or
“blister” of the liner when using heavy grout materials to fill
the annular cavities in accordance with prior art techniques.

DETAILED DESCRIFTION

FIG. 1 shows a block diagram of an apparatus 10 for
producing the lightweight pumpable cement grout of the
prescnt invention. Grout generating apparatus 10 comprises
a slurry mixer 12, which may be. for example. a drum-truck
or a conventional cemept mix batcher, Slarry mixer 12
receives hydraulic cement 14 and water 16 for mixing.
Cement 14 may be any suitable hydraulic cement which
undergoes hydration in contact with water. and is preferably
conventional portland cement. In termas of weight-per-yard,
cement 14 is added to shury mixer 12 at a rate of from about
600 pounds to about 110{) pounds per cubic yard of pro-
duced grout.
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Portland cements are hydraulic cements composed pri-
marily of hydraulic calcium silicates. and are well known to
those skilled in the art: during hydration, the cement com-
bines with water to form a stone-like mass. Hydration begins
as soon as the portland cement comes it contact with water.
Types I and II cement have been found to be particularly
suitable for use in the present invention. and noncorrosive
cement compounds should be used if the grout is to be
placed in contact with corrodible materials, such as steel.

5

Furthermore. it should be understood that cement 14 will |

generally be free of mineral aggregates and the like, which
would ordinarily increase the density of the resulting ccment
grout. although such fillers may be desirable in some appli-
cations of the present invention. Sand. fly ash. and similar
materials may be added in amounts which may be desired
for a particular application or job (¢.g.. on the order of 1.000
Ibs.fyd.”). provided they do not take the density and weight
of the grout into unacceptable ranges. Still other additives
which are known to those skilled in the art may be included
to enhance various characteristics of the grout mixture.
Water 16 may be any water (e.g.. fresh or salt) which is
suitable for causing hydration of cement 14. For applications
where the resulting grout may be in contact with corrodible
components. however. it is preferable that water 16 be free

15

of chloride. sulfate. and other ions which might cause »¢

carrosion. Sufficient water 16 is added to cement 14 so that
the water-to-cement ratio of the mixture is from about 0.60
to about 1.00 by weight. This water-to-cement ratio is
significantly higher than that used in conventional light-

weight cellular cement mixes. and this helps the pumpable 35

cement grout of the present invention achicve a desirably
low viscosity. For example. roof deck-type mixes (which are
used to form lightweight cement roofs) may typically have
a water-to-cement ratio of approximately 0.50; this lower
water-to-cement ratio is necessary for the cement to set up
before the bubble structure dissipates. but it also renders
such mixes significantly more viscous than the grout of the
present invention. and. consequently. the former would
require excessively high pressures to inject into the annular
space between the lincr and sewer pipe.

Slurry mixer 12 also receives pregenerated aqucous foam
from foam generator 18. Foam penerator 18 may be any
suitable conventional foam generation system. such as those
used for the production of cellular concrete, and these are
well known to those skilled in the art. Typically. such
systems include positive displacement foam generating
pumps having rotors for mixing liquid foam solution with
air, and an example of such a system is the mechanical foam
generation system supplied by Cellufoam Concrete Systems
(a division of Patrick Chadwick Incorporated, 110 Pine Glen
Road. Toronto, Ontario M4E 1K9) as their Model 620-114-
1; other examples include batch-type systems which mix a
pressurized foam solution stream with a pressurized air
stream in a nozzle or column to produce the foam. and an
example of this type of system is the batch-type preformed
foam system supplied by The Mearl Corporation (220 West
Westfield Avenue. Roselle Park. N.J. 07204} as their Modet
OT 10-5.

Foam generator 18 receives foam solution 20 from a
mixing and storage tank. and this solution is usually a
mixture of foam conccatrate 22 and water 24. Preferably.
foam concentrate 22 and water 24 are mixed in proportions
such that foam generator 18 produces a suitable micro
cellular foam having a density of about 2.40 pounds per
cubic foot, although other relatively light densities of pre-
formed foam may be used as well. Foam concentrate 22
itself is usually a suitable foam-forming surfactant material.

35
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such as. for cxample. an alcohol sulfate diethanolamine salt
sold under the trademark “DUPONGL" EP Surfactant by E.
L. Du Pont de Nemours and Company. Inc.. (1007 Market
Street. Wilmington. Del. 19898}, Similar suitable materials
are available from The Mearl Corporation under the trade-
mark “MEARLCEL 3532 FOAM LIQUID". from Cellu-
foam Concrete Systems under the trademark “WEF304 Foam
Concentrate”, and from Elastizelt Corporation of America
(PO. Box 1462. Ann Arbor. Mich. 48106) under the trade-
mark “Elastizell EF”. Another example of foam concentrate
which may be suitable for some applications of the present
invention is available under the trademark *MEARIL GEO-
FOAM LIQUID" from The Mearl Corporation. It will be
noted. however. that some foam concentrates. such as the
MEARL GEOFOAM LIQUID™, may contain chloride ions
and other corrosive components which may limit their use in
applications where the grout is to be placed in contact with
steel or other corrodible components. Using the commer-
cially available foam concentrates noted above, it has been
found that a foam solution 20 comprising two to five percent
by volume foam concentrate generally produces foam hav-
ing suitable density (i... about 2.40 PCF) and stability. as
well as suitable micro-bubble characteristics. and foam
solution comprising about 2.5% by volume foam concen-
trate has been found to be particularly suitable for use in the
present invention. The proportions of foam concentrate and
water in the foam solution may. of course. nced to be
adjusted to compepsate for field conditions or diffarent
concentrations of foam concentrate. so as to ensurc that
suitable preformed foam is generated.

The foam is then blended with the cement slumy in the
mixing device 12. and the voluminous and stable micro-
bubble pregenerated aqueous foam provides a rultiplicity of
air voids about which a subsequent cement matrix may form.
thus forming a low density concrete; the foam consequently
reeds to have sufficient stability to maintain its stpucture
until the cement sets to form the matrix, and the foam
generation and the proportioning of the cement slurry are
regulated to achieve control of the final strength and density

4 Of the grout
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ARer mixing the pumpable cement grout is drawn from
slurry mixer 12 to pump 26, which pressurizes the grout for
subsequent injection. Pump 26 discharges the grout through
hose line 28 to pressure gauge 30, which permits an operator
to check the injection pressure of the grout and adjust pump
26 accordingly. From pressure gauge 30. the grout passes
through injection line 32 to valve 34. Valve 34 permits an
operator to selectively commence and terminate injection of
the grout. When valve 3 is open. the grout is discharged
through injection fitting 36. as indicated by the arrow, so that
it passes into the void which is to be filled by the grout.

The grout generating equipment described above with
reference to FIG. 1 is normally very portable, and can be
transported to a typical job site using a pickup truck.

Having described the equipment and materials suitable for
generation of the pumpable cement grout of the present
invention. attention is now directed to FIG. 2. with reference
to which the grouting of an exemplary annular void will be
described. FIG. 2 shows generally a lined sewer line 40.
Sewer line 40 comprises sewer pipe 42. which may typically
be a concrete sewer pipe which is in need of upgrading; as
noted above, such concrete sewer pipe may typically range
in size from about 15 inches up to about 60 inches in inside
diameter, which. while relatively large for a sewer ling. still
provides inadequate space for personnel and grouting equip-
ment to enter the pipe. A liner pipe 44 is disposed in sewer
pipe 42 so that liner pipe 44 provides a replacement conduit
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for the flow of sewer water which is carried by sewer line 49.
Liner pipe 44. as noted above. may typically be a plastic
pipe. such as an HDPE liner pipe. which tends 1o collapse if
subjected 1o an external pressure in excess of a predeter-
mined maximum. As also noted above. such liner pipe is
typicalty placed in and then pulled or jacked through sewer
pipe 42: accordingly. the external diameter of liner pipe 44
is smaller than the internal diameter of sewer pipe 42. so that
an annular gap or void 46 is formed when liner pipe 44 s
installed in sewer pipe 42. In typical applications, the radial
extent of annular void 46 may vary from about one to about
three inches.

Although the example which is described in this section
in order to illustrate the present invention—i.c., a small
diameter, limited access conduit and tight asnular
clearances—is of a kind which is notable for the difficulties
which are solved by the present invention. it will be under-
stood that the present invention is applicable to larger
diameter and larger clearance installations as well. For
example. as was noted above. there are very large installa-
tions (e.g.. up to 10 feet or greater diameter) in which
excessive grout pressures remain a serious problem. in spite
of clearances typically much greater than 3 inches, owing to
fluid loss, hydration and other factors. as well as the rela-
tively diminished ability of the large diameter liners to
withstand significant external pressures. Moreover. even in
smaller diameter installation with relatively great clearances
(e.g.. on the order of one to several feet). the present
invention eliminates grouting pressure problems which
might otherwise have arisen, particulacly when long grout-
ing runs are involved,

A bulkhead or dam 50 is installed at a first acoess point
along sewer line 40 so as to seal the annular gap between
sewer pipe 42 and liner pipe 44. As noted above, such access
points along a sewer line are typically provided by
manholes, which extend downwardly from the surface to the
sewer pipe. and these may be spaced along a sewer line at
distances of 300 to 500 feet or more. Such access manholes
are pormally of adequate size so as to permit personnel and
equipment to gain access to the end or portion of the sewer
line at that point. Dam 50 surrounds liner pipe 44 and abuts
against the exposed end of sewer pipe 42. thereby sealing the
annular gap between the two. Dam 50 may be a board-like
dam. as illustrated in FIG. 2. which may be constructed of
wood. plastic. metal, or the like. or it may be a built-up dam
of earthen materials, gravel. sand. or the like. if sufficient
strepgth to resist the injection pressure of the grout can be so
achieved. Dam 50 is provided with an injection port 52.
through which an injection nozzle 54 can be inserted.
Accordingly, it will be understood that injection port 52
establishes communication between the surface and the
annular cavity 46 between the pipes. It will also be under-
stood that injection nozzle 54 corresponds to injection
nozzle 36 shown in the block diagram of FIG. 1.

A valve 56 (which may be manually operable and which
corresponds to valve 34 shown in the schematic diagram of
FiIG. 1} is provided to control the flow of grout from pressure
line 58 to nozzle 54. and hence into annular void 46. When
valve 56 is in an open position. the grout is supplied under
pressure from the grout-generating apparatus through supply
line 58 in the direction shown by arrow 60, and is injected
into annular cavity 46 through injection nozzle 54. As the
grout 62 is injected into the cavity, it flows around liner pipe
44 and lonpitudinally through sewer pipe 42 so as to fill
annuolar cavity 46. Thus. it will be seen that the leading cdge
64 of the grout proceeds longitudinally through the annular
cavity. away from the first access point towards a second
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access point {typically provided by a second access
manhole). A second dam 66 may be installed at the second
access point. and may have an ejection port 68 therethrough.
As the leading edge of the grout proceeds longitudinally
within the sewer tine. air will be forced out of annular cavity
46. This air escapes through ejection port 68 in the direction
shown by arow T0. When the leading edge 64 of grout 62
reaches second dam 66. grout 62 will begin escaping from
cjection port 68, indicating to an observer that grouting of
the section of sewer line 40 between the first and second
access points has been completed. It will be understood, of
course, that it may be desirable under some circumstances to
delcte the second dam and simply permit the air and grout
1o escape from the annular gap between the two pipes at the
second access point. particularly in those cases where it is
likely that considerable soil or other debris will be forced out
of annular cavity 46 by the advance of the grout.

Because of the low injection pressures are made possible
by the present invention. the steps described above are
camried out with the interior of the liner pipe maintaiped at
substantially atmospheric pressure. without fear of collaps-
ing the liner. In other words. with the present invention it is
unnecessary to pressurize the interior of the liner pipe to
reduce the possibility of collapse. It will be understood that
in some cases the flow (of water. sewage. etc.) which may
be backed up within the Liner to prevent it from floating may
also develop a slight (e.g.. 1-2 psi) head pressure due to the
partial filling of manholes or other access points. or simply
due to the gradient of the conduit; for purposes of this
description and the appended claims, however. it will be
understoad that the term “substantially atmospheric pres-
sure” includes such relatively incidental increases in the
interior pressure of the liner which may occur due to
damming, backing up. diversion, and so forth of the flow.

With further reference to FIG. 2. the pumpabie cement
grout 62 of the present invention will now be described in
greater detail. Pumpable grout 62 is provided with suitable
characteristics (e.g.. fluidity) which permit it to be injected
into a relatively confined annular space under minimal
pressures. so as to avoid generating pressures which would
collapse the liner pipe. Of course, the grout needs to retain
these characteristics while it proceeds through the cntire
length of the sewer line between the first and second access
points. or else excessive injection pressures may develop.
For example. as the leading edge 64 of the grout advances
along sewer line 40 as shown in FIG. 2, that portion of the
grout which is proximate the leading edge will be hydrating
(ie.. setting up). which hydration may be accelerated if the
interior surface of sewer pipe 42 and/or the exterior surface
of liner pipe 44 are dry. or if the sewer pipe is warm because
of warm sewer water flowing through it; nevertheless,
despite this hydration. grout 62 needs to remain sufficiently
fluid until leading edge 64 reaches the second access point,
so as to avoid developing excessive injection pressurcs. On
the other hand. however, grout 62 must also be capable of
setting up (i.e.. solidifying) so as to form the solid cellular
concrete matrix before the bubble structure of the foamed
cement grout collapses or dissipates. In short, the pumpable
cement grout must be fluid enough to be pumped into the
annular cavity under low pressure, yet still be able to set up
without excessive delay.

The pumpable cement grout of the present invention
achieves these desired characteristics. First, the groot has an
initia] consistency which is very thin and “runny”, so that it
may be injected under very low pressures; the initial con-
sistency of the grout of the present invention is somewhat
similar to that of cream. This consistency is achieved in part
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by mixing water with the cement in the slumry mixer in an
amount sufficient so that the water-to-cement ratio of the
grout is a relatively high 0.60-1.00 by weight; in other
words. the weight of the water in a given amount of the grout
is from about 0.60 to about 1.00 times the weight of the
cement in that amount of the grout. This is a significantly
higher water-to-cement ratio than that utilized in other
foamed cement mixes, such as conventional roof deck-type
cellular concrete mixes, and consequently provides the grout
of the present invention with a much thinner and more easily
pumpable consistency.

The prepenerated aqueous foam is mixed with this water-
to-cement miXture in an amount sufficient to adjust the wet
density of the grout to a value of from about 48 to 72 pounds
per cubic foot. In some applications. it may be desirable to
adjust the wet density of the grout upwardly to a value of
about 75 pounds per cubic foot. For use in grouting liners in
sewer lines. it has usually been found preferable to use
sufficient foam to adjust the wet density of the grout to a
value of from about 55 to about 62.4 pounds per cubic foot:
within this particular range. the density of the grout is
generally less than that of the sewer water being camried
through the sewer liner (this typically having a density of
about 6§2.4 PCF). thus preventing the sewer liner from
floating on the grout during the grouting operation, This is
important in order to preserve the anpoular gap along the top
of the liner pipe. so that this can be filled by the grout which
will subsequently protect the top of the liner. Such relatively
low densities are also impontant in achieving low injection
pressures, particularly if it is necessary to inject against a
head pressure. which occurs when the pipe is inclined
upwardly and injection is being conducted at a relatively low
point along the pipe.

As described, the pempable cement grout of the present
invention has a wet density of from about 438 PCF to about
72 PCF. Lightweight roof deck-type cellular concrete mixes
have even lower densities, which may typically range from
20 to 45 pounds per cubic foot; however, as previously
noted. the water-to-cement ratio of such typical roof deck
type mixes is typically about 0.50 (as opposed to (.68 to 1.00
in the grout of the present invention). rendering such roof
deck-type mixes much thicker and more difficult to pump.
However, a thin or runny consistency is not desired for roof
deck applications, because the roof deck is typically con-
structed to have a certain pitch. and it is undesirable for the
mix to run down the pitched roof. Roof deck-type cellular
concrete mixes consequently have a consistency similar to
that of whipped cream or meringue, and if an attempt were
made to pump such a mix through the annular cavity
between 2 sewer pipe and a plastic liner. excessive Friction
would result from the thick. viscous consistency of the
mixture, resulting in higher injection pressures and probable
collapse of the liner pipe. Furthermore. some such typical
mixes contain sand or other mineral aggregate material,
which would create still more friction and pressure.

‘While the grout of the present invention will therefore
geperally be free of mineral aggrepate material for most
applications, it may be desirable in some applications
replace a portion of the cement in the grout with fly ash in
order to achieve cost savings, while still maintaining the
desired density and fluidity of the grout. Fly ash, as is well
known to those skilled in the art, is a finely divided residue
that results from the combustion of pulverized coal. during
which mineral impurities {e.g.. clay. feldspar. quartz. and
shale) fuse and form spherical particles; fly ash is
inexpensive. and generally no processing is needed for using
itin blended cement. Sand may also be included in relatively
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small amounts. for example. on the order of 1.000 Ibs./yd.
in some applications, provided that the density of the grout
remains within acceptable ranges and the abrasiveness of the
sand does not cause the development of excessive back
pressure for the particular job.

Furthermore. it may be desirable in some applications to
add superplasticizers to the grout. so as to be able to reduce
the amount of water used in the grout while maintaining its
fluid consistency. As is known to those skilled in the art.
superplasticizers are high range water reducers which are
added to concrete {often to concrete having a low-to-normal
slump and water-to-cement ratio) in order to make high-
slump. flowing concrete. Examples of such superplasticizer
chemicals which are compatible with the preformed agueous
foam in the grout of the present invention include those
available under the trademark “Mighty 150" from Boremco.
Specialties Chemical Division. P.O. Box 02573, Fall River.
Me. 02722, and under the trademark “WRDA 19" from W.
R. Grace and Company. Derex Division. 62 Wittemore
Avenue, Cambridge. Mass. 02140, Such superplasticizer
chemicals may be lignum-based products. and. as is known
to those skilled in the art. act as a cement dispersant which
releases particles of cement which surround water particles
in ordinary cement or concrete mixes. Superplasticizer
chemicals may be desirable because they permit the use of
& lower water-to-cement ratio. thus creating higher strength
in the hardened cement, without a corresponding reduction
in fluidity. For example, beginning with an exemplary
pumpable cement grout mix in accordance with the present
invention. which calls for 1093.85 Ibs.fyd.® cement. 743.14
1bsJyd.? water, and 22.76 Ibs/yd.” foam. a reduction of about
100 pounds of water per cubic yard of mix may be achicved
by adding about 10 ounces of typical superplasticizer chemi-
cal per 100 pounds of cement in the mix. A range of from
about 6 ounces of superplasticizer per 100 pounds cement
{(which achieves a 60 Ibs./yd.*> water reduction) to about 20
ounces of superplasticizer chemical per 100 pounds of
cement (which achieves about a 100 Ibs./yd.” water
reduction) may be used in the grout of the present invention;
using superplasticizer chemical in amounts in excess of 20
ounces per 100 pounds of cement may result in undesirable
reduction in stability of the bubble stricture of the grout.

Another additive which may be highly desirable for many
applications of the preseat invention is bentonite. which
serves to inhibit extraneous water in the annular space from
contaminating the grout by absorption. This may be particu-
larly eritical matter if the old sewer pipe is badly deteriorated
and significant arnounts of water are flowing from the
surrounding earth into the sewer pipe through fissures or
holes in its wall. Incorporating bentonite in the pumpable
cement grout of the present invention may also help control
bleeding of water from the grout, particularly when the grout
is being injected against relatively high head pressures.
Bentonite itself is a soft. porous. moisture absorbing pul-
verized rock material. comprising generally a colloidal
native hydrated aluminum silicate (clay). and has the prop-
erty of forming gels or viscous suspensionts in combination
with water. When desired, it has been found useful to add
bentenite to the grout of the present invention in amounts of
about 3-10 pounds per cubic yard.

Having described the grout of the present invention and a
method for its use, the results of two field tests will now be
described.

In the first field test, a 14 inch outside diameter HDPE
pipe was jacked into an existing 15 inch inside diameter
concrete pipe over distances preater than 300 feet. The small
clearances involved in this case (only a 1-inch difference in
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diameters) made it impossible to block the new liner in
position. Thus. in order to insure that the new liner was
encased in the protective grout. it was necessary to prevent
it from floating on the grout to the top of the sewer line; the
HDPE liner was consequently filled with sewage having a
density of about 62.5 pounds per cubic foot. and the grout
was mixed to have a wet density of about 62 pounds per
cubic foot,

A total of 5000 linear feet of the jacked-in HDPE liner
pipe were backfilled with the grout. The grout was purmped
downstream so as to minimize pressure on the pipe. In order
to provide the required protection for the HDPE pipe liner,
the compressive strength of the set grout needed to exceed
200 psi; once set. the growt installed in this field test
developed compressive strengths excecding 300 psi. Video
cameras used to inspect the rehabilitated sewer after comple-
tion of the grouting cperation detected no distortion in the
HDFE liner pipe.

A second field test was conducted to grout an I8 inch
outside diameter HDPE liner pipe which had been jacked
into a 20 inch inside diameter conarete pipe over distances
greater than 500 feet. A total of 4900 lincar feet of HDPE
liner pipe were backfilled. using grout mixed to have a wet
density of 50 pounds per cubic foot. A major problem in this
particular project was that it was impractical to stop the flow
of the sewer while the liner was being grouted. Accordingly,
in order to prevent the liner from floating on the grout. a plug
containing holes for regulating the flow of sewage was
installed in the downstream end of the liner. Using this
system, the flow of sewage was maintained. but enpough
sewage was backed up to keep the section of liner full while
it was being grouted. Careful monitoring of a backup bypass
system prevented the sewer from overflowing through
upstream: manholes,

The grout was then injected in the manner previously
described. with the pump output being carefully controlled
so that the grout injection pressure did not exceed 2 psi. The
vent at the downstream end was plugged when the undiluted
grout appeared at the downstream bulkhead. The rapid set
time of the grout allowed full sewer flow to be restored in
less than six hours. Video inspection after completion of the
grouting detected no deformation of the new liner.

In both of these projects. all grouting took place between
manholes. so no excavaticn or drilling along the sewer line
was required. Grout injection was monitored visuvally to
insure that annular voids were completely filled and all
water was displaced from the annular space between the old
pipe and the new liner.

The proportions of the componeats of the grout may be
adjusted to provide either higher or lower densities. as may
be desired for a particular project. For example, during the
first field test described above, batches of grout mixes were
tested having unit weights ranging from 59.96 to 69.86
pounds per cubic foot. The compressive strength of the grout
typically varies with its density. and so this can be adjusted
(while still maintaining an acceptable level of fluidity) by
varying the amount of foam injected into the grout within an
acceptable range. For example. a grout backfill in accor-
dance with the present invention, having a density of
approximately 51 pounds per cubic foot. had an average 28
day compressive strength of 580 psi; for a ten percent
increase in density to approximately 56 pounds per cubic
foot. the average 28 day compressive strength increased 50
pereent o 885 psi. One skilied in the art can adjust the
proportions of cement. water. and pregencrated foam. within
the ranges prescribed herein, to produce an acceptable grout
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having a density between about 48 and about 75 pounds per
cubic foot. Two exemplary mixtuces in accordance with the
preseat invention. cach having a different density. are pro-
vided by the following tables:

TABLE 1
MATERIALS WT..LBS. VOLUME, CF. UNIT WT., PCF
Cement 1093 3.23
Water 634 10.16
170 1332 128.98
Foam 33 13.71
1760 710 6494
TABLE 2
MATERIALS WI.LBS. VOLUME, CF. UNIT WT.. PCF
Cement 950 483
Water 645 10.34
1595 1517 105.14
Feam 28 1183
1623 77.00 60.11

The exemplary grout mixes set forth above have been
found satisfactory for use in a number of applications.
However. as was briefly noted above, there are a number of
factors which may be present in a grouting job which tend
to make it more difficult than usual to maintain the fluidity
of the grout as it is pumped longitudinally through the
annular cavity: not only may the warmth of the environment
and the dryness of the pipe and liner hasten hydration of the
grout, but resistance to the growt injection may be very
significantly increased if the exterior of the liner pipe is
ribbed or corrugated. An example of a liner pipe having such
an exterior is “Spirclite”™ HDPE pipe which is available
from Chevron Plexco. 14381 Lear Bivd.. Reno, Nev. 89506.
The Spirolite™ piping is manufactured with a spiral external
corrugation which gives it relatively greater rigidity for its
weight. but this corrugation also naturally impedes the flow
of grout longitudinally through the annular cavity between
the liner and the pipe in which it is installed. To illustrate
this. FIG. 3 shows a length of sewer pipe 80 in which a
spirally corrugated liner pipe 82 has been installed, so as to
form an annular cavity 84, The fluid grout 86 of the present
invention is injected longitudinally through this cavity in the
manner previously described (from the left in FIG. 3). and
this flows longitudinally through the cavity gencrally in the
direction indicated by arrows 88. 89, behind a leading edge
90. The multiplicity of spiral corugations 92 extend into the
annular cavity 84 more-or-less perpendicularly to the flow
path of the grout indicated by arrows 88 and 89. and so these
corrugations tend to impede the flow of the grout in a
longitudinal direction through the cavity, particularly if the
grout is relatively thick and viscous; the resulting resistance
thus tends to increase the injection pressure.

1t has been discovered that the difficulties thus encoun-
tered when attempting to grout externally corrugated liner
pipe such as Spirolite™ can be overcome using the grout of
the present invention, specifically, by using a grout mix
similar 1o those discussed above but having an increased
water-to-cement ratio. so that the mix is significantly more
fluid and thus more casily pumped through an annular cavity
against the resistance offered by the corrugations or ribs.



5.791.378

13

Furthermore, the higher water-to-cement ratio offsets the
absorption (L.e.. water loss from the Buid grout) which is
experienced due to the much greater external surface area of
spirally corrugated pipe such as Spirolite™. Consequently.
it has been found that foamed. pumpable cement grouts in
accordance with the present invention having a water-to-
cement ratio in the range of about 0.80 (or less) to about 1.00
are eminently suitable for these applications. The following
tables illustrate two such grout mixes. both of these having
a water-to-cement ratio of 1.00:

TABLE 3
MATERIALS WT.,LBS. VOLUME,CF.  UNIT WT, PCF
Cement 932 4.74
Water 032 14.94
1864 19.58 94,72
Foam 18 7.50
1882 .18 69.24
TABLE 4
MATERIALS WwT.,LBS. VOLUME, CF. UNIT WT., PCF
Cement 649 330
‘Water 649 10.40
1298 13.70 o474
Foam 32 13.33
1330 703 4920

The range of suitable unit weights for grouts having
water-to-cement ratios in this range (about 0.80-1.00) has
been found to extend from about 48 PCF to about 70 PCE
As with the other grout mixes described ahove, a number of
substitutions or additives can be made in the grout mixes
having these higher water-to-cement ratios. In particular. fly
ash can readily be substituted for cement in these mixes.
being that it gives a very fluid grout mixture. but it must be
kept in mind that a decrease in compressive strength may be
encountered when using increased levels of fly ash in the
composition. Also. superplasticizing agent may be option-
ally used in these mixes. preferably in the range of about
6-12 ounces per hundred weight of cernent. Still further,
these compositions can benefit greatly from the addition of
bentonite in many applications. being that it minimizes the
bleeding of water from the grout. It should also be recog-
nized that. although the grout mixes having water-to-cement
ratios in the range of 0.80—1.00 are most notably suitable for
use with externally sibbed pipe liners, they may also be used
with smooth-sided (ie.. non-corrugated) liners in some
applications.

The mixes of the present invention also provide a light-
weight cellular grout which is eminently suited to use for
filling the annular cavities 108 of the “T-LOCK”-type liner
system. as shown in FIG. 4. Becausc the material is both
highly fluid and Light in weight. the problem of excessive
pressures developing against the lower sidewalls and bottom
of the liner pipe is obviated. In this case, the grout flows
through an elongate, curved path from the injection points.
and circumferentially or annularly along the exterior of the
liner pipe. rather than in a direction parallel to the long axis
of the conduit/liner. i.e.. the Aow is gencrally in the direction
of the curved axis of the cavity or chamber 108.

In using the grout mixes and techniques described above,
a number of more general factors have also becn found
important in achieving successful grouting of HDPE sewer
pipe liners:
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a) injection pressure should be closely menitored and
carefully controlled by regulating the velocity and
viscosity af the grout.

b) densitics should be checked on every batch both before
and after foaming to insucc that the grout was properly
batched.

¢) variations and batched density should be comected by
adding water. foam. or both.

d) no batch older than two hours should be used on a losg
run.

) pressure monitoring equipment should be carefully
calibrated.

Properly trained personnel and quality control of the
cellular foam concrete grout have also been found to be
important factors in successful grouting of sewer pipe liners.

The forcgoing description has focussed largely on the
exemplary application of the present invention to the grout-
ing of HDPE pipe lincrs; however. it should be understood
that the grout mixes and grouting methods of the prescnt
invention may be used to grout a wide varicty of void spaces
in addition to thosc discussed. For example, these may be
used to grout the annular space between the wire bundle and
sheath pipe in bridge cable assemblies. It is thus to be
recognized that these and various other modifications may
be made to the illustrative embodiments described herein
without departing from the spirit and scope of the present
invention. and so the investion is rot to be Limited except as
by the appended claims.

What is claimed and desired to be secured by Letters
Patent of the United States is:

1. A method for Lining a conduit. said method comprising
the steps of:

placing  liner in said conduit so that at least one cavity
is formed intermediate said conduit and said Liner. an
interior of said liner being maintained substantially
unpressurized. and said liner having a tendency to
collapse if subjected to an external pressure in excess of
a predetermined maximum pressure,

forming a pumpable cement grout. said grout comprising:
hydraulic cement;
watcr in an amount sufficient so that the water-to-

cement ratio of said grout is from about (.60 to about
1.00 by weight; and
pre-generated aqueous foam in an amount sufficient to
adjust the wet density of said grout to a value of from
about 48 to about 72 pounds per cubic foot;
pumping said cement grout into said cavity under positive
pressure, so that said grout fills said cavity by fiowing
ina direction generally atong an axis of said cavity; and
maintaining said positive pressure under which said
cement grout is pumped into said cavity intermediate
said conduit and liner at about equal to or less than said
predetermined maximum pressure.

2. The method of claim 1. wherein the step of forming
said pumpable cement grout further comprises:

determining the density of said liner; and

mixing said pre-generated aqueous foam into said groutin
2n amount sufficient to adjust said density of said grout
to a value substantially equal to or less than said density
of said liner so as to avoid said liner floating on said
grout to the top of the interior of said conduit.

3. The method of claim 2. further comprising the step of
directing a flow of fluid through said liner. and wherein the
step of determining the density of said liner comprises
determining the density of said liner carrying said flow of
said fluid.
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4. The method of claim 3. wherein the step of directing
said flow of ffuid through said liner further comprises
backing said flow of fiuid up into said liner. so that said
density of said liner is increased. so as to permit said density
of said grout to be increased and still remain equal to or less
than said density of said liner.

5. The method of claim 4. wherein the step of backing said
fow of uid up into said liner further comprises the step of
backing said flow of fluid up so as to substantially fill said
liner with said fluid.

6. The method of claim 1. wherein the step of placing a
liner in said conduit comprises:

placing a tubular liner in said conduit so that a generally

annular cavity is formed intermediate said conduit
liner.

7. The method of claim 6. wherein the step of placing said
tubular liner in said conduit comprises:

placing a tubular liner in said conduit which has an

internal diameter equal 1o or less than about 50 inches,
so that access to said interior of said liner is available
at least onc manhole located along a length of said liner.

8. The method of claim 6. wherein the step of placing said
twebular liner in said conduit comprises:

placing a tubular liner in said conduit which has an

internal diameter equal to or greater than about 60
inches, so that access to said interior of said liner is
available through a bore of said liner.

9. The method of claim 6. wherein the step of placing said
tubular liner in said conduit comprises:

placing a tubular liner in said conduit which has a

generally continuous cylindrical cuter surface, so that a
substantially continuous annular cavity is formed along
a length of said liner.

10. The method of claim 9, wherein the step of pumping
said grout into said cavity comprises:

pumiping said grout into said substantially comtinuous

annular cavity so that said grout fills said cavity by
flowing in a direction generally along a longitudinal
axis of said liner. :

11. The method of claim 6, wherein the step of placing
said mbular liner in said conduit comprises:

placing a tubular liner in said conduit which has a

plurality of longitudinally-spaced, radially extending
support members formed on an exterior thereof, so that
said support members engage an interiar surface of said
conduit and form a plurality of individual cavities
which extend annularly about said licer.

12. The method of claim 11, wherein the step of pumping
said grout into said cavity comprises:

pumping sajd grout into each of said anoularly-extending

cavities so that said grout flows therein in a direction
generally along a curved axis of said cavity which
extends circumferentially about said lincr.

13. The method of claim 12. wherein the step of forming
said grout further comprises:

forming said grout with said pre-generated aqueous foam

in an amocunt which is sufficient to reduce said weight
density of said grout to a density at which a weight of
said grout filling said annular cavity is insufficient to
cause a pressure exceeding said maximum pressure to
be exerted against bottom portions of said liner.

14. The method of claim 1. wherein the step of forming
said grout further comprises:

forming said pumpable cement grout with fly ash present

in a predetermined amount.

15. A method of lining a pipe, said pipe having a longi-
tudinal extent and a predetermined internal diameter. said
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pipe further having access to the intcrior thereof from the
surface at first and second longitudinally spaced-apart access
manholes. said method comprising:
placing a wbular liner in said pipe. said liner having an
external diameter such that an annular cavity is formed
intermediate said pipe and said liner. an interior of said
liner being maintained at substantially atmospheric
pressure and said liner further having a tendency to
collapse if subjected to an external pressure which is in
excess of a maximum pressure which exceeds atmo-
spheric pressure by a predetermined amount:
forming a pumpable cement grout. said grout comprising:
hydraulic cement;
water jn an amount sufficient so that the water-to-
cement ratio of said grout is from about (.60 to about
1.00 by weight: and
pre-generated aqueous foam in an amount sufficient to
adjust the wet density of said grout to a value of from
about 48 to about 72 pounds per cubic foot:
pumping said cement grout under positive pressure into
said annular cavity so that said grout fills said annular
cavity by flowing in a generally longitudinal direction
through said pipe from said first access manhole
towards said second access manhole, said pressure
under which said cement grout is pumped into said
annular cavity being maintained about equal to or less
than said maximum pressure; and
lerminating said pumping of said cement grout into said
annular cavity when said flow of said grout through
said pipe reaches said second access manhole.
16. The method of claim 15, wherein the step of forming
said pumpable cement grout comprises:
determining the density of said liner: and
mixing said pre-generated aqueous foam into said grout in
an amount which is sufficient to adjust said wet density
of said grout to a density which is substantially equal to
or less than that of said liner. so as to avoid said liner
floating on said grout to the top of the interior of said

pipe.

17. The method of claim 16, further comprising the step
of directing a flow of fluid through said liner. and wherein
the step of determining the density of said liner comprises
determining the density of said liner carrying said flow of
said fluid.

18. The method of claim 17. wherein the step of directing
said flow of fluid through said liner further comprises
backing said flow of fluid up into said liner. so that said
density of said liner is increased. so as to permit said density
of said grout to be increased and still remain equal 10 or less
than said density of said liner

19. The method of claim 18 wherein the step of backing
said flow of fluid up into said lirer further comprises:

backing said flow of fluid up into said liner so that said

liner is substantially filled by said fluid.

20. The method of claim 19 wherein the step of backing
said flow of fluid up into said liner further comprises;

backing said flow of fluid up into said liner so that sajd

access manholes are at least partially filled upwardly
thereby, so as to ensure complete filling of sajd Liner.

21. The method of claim 1. wherein the step of placing
said tubular liner in said conduit comprises:

placing a tubular liner in said conduit which has an

internal diameter equal to or less than about 60 inches.
so that aceess to said interior of said liner is available
at least one manhole located along a length of said liner,
said liner being sized so that a radial clearance of about
3 inches or less is formed between said liner and said
conduit.
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22. A method for lining a conduit. said method comprising
the steps of:

placing a tubular liner in said conduit so that at least one
cavity is formed intermediate said conduit and said
liner. an interior of said liner being maintained sub-
stantially unpressurized and said liner having a ten-
dency to collapse if subjected to an external pressure in
excess of a predetermined maximum pressure. said
conduit having an internal diameter equal to or less
than about 6{ inches so that access to said interior of
said liner is available at least one manhole located
along a length of said liner. and said liner being sized
so that a radial clearance of about 3 inches or less is
formed between said liner and said conduit;

forming a pumpable cemeat grout, said grout comprising:
hydraulic cement;

10

15
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water in an amount sufficient so that the water-to-
cement ratio of said grout is from about .60 to about
1.00 by weight: and

pre-generated aqueous foam in an amount sufficient to
adjust the wet density of said grout to a value of from
about 48 to about 72 pounds per cubic foot;

purnping said cement grout into said cavity under positive
pressure. so that said grout fills said cavity by flowing
in a direction generally along an axis of said cavity: and

maintaining said positive pressure under which said
cement grout is pumped into said cavity intermediate
said conduit and liner at about equal to or less than said
predetermined pressure.

* ® * * *
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1

In the manufacture of reinforced concrete pipes
by the rotary process I have previously subjected

the pipe when it is newly formed and while it

remains in the mould, to infernal pressure in order
to expel surplus water, prestress the metal rein-
forcement and obtain other advantageous resulfs.

According to my previous procedure, as used
or proposed, the required internal pressure has
been. imparted to the pipe:by mesns of an ex-
pansible core of rubber, metal or other suitable
material, and sand or other granular or powdered
material (hereinafter included in the term “sandy
material”). has been interposed between the core
and the inner surface of the pipe to Serve as. &
pressure transmitting medium. :

In order that the metal reinforcement may
be pretensioned during this operation, it has here-
tofore been my normal prectice to relax the outer
mould slightly before or during the expanding
operation, and thereby permit of a slight disten-
sion of the pipe and reinforcement therein, How-
ever, stich relaxing of the outer mould may re-
qitire a more elaborate and expensive mould con-
struction than would otherwise “be necessary,
while the resultant movement is not uniform
around the circumference of the pipe, and the
operation Is time absorbing,

The general object of the present invention is
to provide improvements in the manufacture of

prestressed concrete pipes and like prestressed

concrete articles each having a cylindrital or sub-
stantially cylindrical inner cavity, while a specific
object is to.obviate the aforesald dlsadvanta,ges
of the existing art,

The present invention broadly comnprises in-
serting the reinforcement in a mould, lining the
inner surface of the mould with s layer of com-
pressible material which ultimately becomes in-
corporated in and forms the outer layer of the
pipe, forming therein the main body of a rein-

- forced concrete pipe or like reinforced concrete
article having a cylindrical or substantially cylin-
.drieal inner cavity and subseguently, while said
pipe or like article is in the newly formed con-
dition and has not finally set by chemical harden-
fng to any appreciable exfent, subjecting it to out-
wardly directéd pressure, so that the said com-
pressible material yields sufficiently to permit of
the distension of the main body of the bipe or
Iike article necessary to produce the required pre-
tensioning of the reinforcement.

As the application of the inventlon to a rein-
forced pipe does not differ from its application
to like reinforced conerete articles having cylin-

drical or substantially cylindrical inner cavities,
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& pipe only is referred to in the f{ollowing descrip-
tion.

The term “compresstble material” is used here-
in to mean & material which will contract suffi-
ciently in volume under the pressure in the proc-
es5 to permit the desired pretensioning of the
reinforcement of the pipe.

" A subsidiary feature of the invention resides in
applying said layer of compressible materlal to
the innersurface of the mould by pouring a fluid
cerhentitious mixture into the mould while the
latter is being rotated; that is to say, the said
layer is formed by the same procedure as that by
which the main body of the pipe is subsequentiy
formed.

The compressible layer may be formed of &
cement mixture incorporating a foaming agent
ahd/or flbrous materfal and/or any other con-
stituents, which will result in the formation on
the inner surface of the mould of & layer of ma-
terial which contrins & substantially greater per-
centage of volds and/or of expressible liquld than
the concrete of whmh the main body of the pipe
is to be formed. On account of this higher per-
centage of voids and/or of expressible liquid this
layer on the inner surface of the mould is sub-
stantially more compressible than the concrete of
which the main body of the pipe Is formed. It
is necessary for the latter concrete to be compact
and to contain a relatively low percentage of voids
because otherwise upon the subsequent applica-
tion of pressure according to this process there
would be excessive yielding and change of the
inner diameter of the pipe and also this con-
crete would pass through the reinforcement in-
stend of stretching the latter.

The term “concrete” as used herein com-
prehends mixtures of Portland or other hydranlic
cement with water and any other suitable mate-
ria] sueh as sand and/or crushed stone.

Other features of the invention are hereinafter
described.

One practical specific example of the inven-
tion. will now be described with reference to the
sccompanying drawing showing a cross-section
through a mould containing a pipe formed with
an outer compressible layer and containing an
inner core of rubber or other expansible material.
The mould 1 may be any suitable construction of
rotary or centrifugal pipe mould. This mould,
in which the necessary metal reinforcement 2
has heen inserted, is rotated in the usual way,
and a relatively fiudd cement mixture 3 which
will ultimately set to form on the inner surface
of the mould & relatively thin compressible layer,
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is poured thereinto and passes through the rein-
forcement, and is centrifugally distributed over
the inner surface of the mould outside the rein-
forcement. The layer of material so formed may
conveniently be of the order of about one eighth
to one quarter of an ineh in thickness.

Preferably the sald. mixture comprises cement,
water, a suitable fibrous material (e. . short

-fibred asbestos) and a small amount of a foan- . -

generating agent, such as sodium resinate. How-
ever, many different materials which will form
% layer possessing a suitable measure of com-
pressibility may alternatively he used.

Preferably, after the said-mixture has been
introduced and distributed: the mould should be -

rotated at a sufficiently high speed
the mixture to some extent.
The main body of the pipe Is then formed in the

to compact

usual way by potring into the rotating moulg-the-

required amount of & suitable concrete mixture §
which is centrifugally distributed on. and united
to the inner surface of the previously formed outer
compressible layer.

Affer the pipe so formed has sef by rotation
sufficiently to be self-sustalning, but bhefore
chiemical hardening due to hydration has pro-
ceeded to any appreciable extent, a hollow ex-
pansible core 5§ is inserted therein, the pipe at
this stage being still contalneq within the outer
mould.

Preferably the core is substantially smaller in
crgss section than the inferior of the pipe, in
which case the intervening space is filled with
sandy material,

The core is then expanded by supplying thereto
& fluld under pressure s0 that pressure is trans-
mitted outwardly approximately in the direction
of the arrows through the granular materizl to
the surrounding pipe. The pressure so imparted
to the concrete cylinder is sufficlently high to
expand it slightly, and this expansion is per-
mitted by the yielding of the outer layer of com-
pressible material which is simulfaneously com-
pressed.

The pressure applied to the cere may be of the
order of 300 pounds per sguare inch but this
‘depends in every.-case upon such factors as the
diameter of the pipe in question, the amount. of
circumierential reinforcement and the degree of
presivessing required.

In the course of the  compression air and/or

liquig are expelled and will escape.through mould

openings, or perforations can be provided in the
mould for that purpose. Where the outer layer
includes expressible water this may pass through
the main hody of concrete into the layer of sandy
material. :
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Consequently, by this invention the desired
prestressing of the reinforcement of the concrete
is effected in a simple and expeditious manner
without the necessity for relaxing the outer mould
or of using moulds of special construction, and
substantial economies are obtained while the
desired even degree of expansion. around the full
circumference is achieved,

I claim:

1, The manufacture of = prestressed rein-

‘forced concrete pipe, or like prestressed rein-

forced concrete article having a cylindrical or

-substantially cylindrical inner cavity, comprising
:inserting the reinforcement in a mould, lining the
vinner surface of the mould with a. layer of com-
" pressible material (which ultimately becomes in-

. corporated in and forms the outer layer of the

pipe or like article), forming therein by the rotary

- process- the main body of a reinforced concrete

20

30

40

45

60

55

pipe, or like reinforced concrete article having a
cylindrical or substantially cylindrieal inner
cavity, and subsequently subjecting the said pipe
or like article to outwardly directed pressure, so
that-the sald compressible material yields suff-
clently to permit of the distension of the main
body of the said pipe or like article,

2. The manufacture of a prestressed reinforced
concrete pipe, or like prestressed reinforced con-
crete article, having a cylindrical or substantially
cylindrical inner cavity, as claimed in claim 1,
in which the inner surface of the mould is lined
with: the layer of compressible material by pour-
ing a fluid cementitious mixture inté the mould
while the latter is being rotated.

3. The menufacture of a prestressed rein-
forced concrete pipe, or like prestressed rein-
forced concrete article having a cylindrical or
substantlally evlindrical Inner cavity, as clalmed
In claim 1, in which the compressible material
is a cement mixture incorporating s foaming
agent.

4, The manufacture of a prestressed rein-
forced concrete pipe, or like prestressed rein-
forced concrete article having a cylindrical or
substentially cylindrical inner eavity, as claimed
in.claim 1, in which the compressible materis). is
a cement mixfure incorporating fibrous material.

FRANK LIONEL FITZPATRICK.
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THREE-LAYER METAL PIPE COATING
COMPOSITIONS AND PROCESS FOR THE
EXTERIOR COATING OR METAL PIPES BY
A THREE-LAYER METHOD

This is a continuation of U.S. pat. application Ser. No.
08/522,379, filed Oct. 30, 1995, abandoned which is a 371
of PCI/EP94/00888 filed Mar. 24, 1994,

FIELD OF THE INVENTION

The present invention relates 10 three-layer metal pipe
coating compositions based on a powder primer containing
cpoxy resins and phenolic crosslinking agents, on a thermo-
plasitc hard adhesive and on a polyolefin cladding.
Furlhermore, the invention relates to a process for the
exterior coating of metal pipes by a three-layer methed.

BACKGROUND OF THE INVENTION

Metal pipes are used worldwide for the transportation of,
for example, petroleum, petroleum products, gas, water and
solids from the place where they arc found or produced to
the consumer. Metal pipes must be protected on the one hand
apainst corrosion and on the other hand against mechanical
defects, in order to ensure the operational reliability of the
lines over a long period. Exterior coatings of metal pipes
must possess a high impact strength, compressive sirength
and abrasion resistance, and il is necessary 1o prevent
damage to the cxteriar coatings during the transportation,
starage, laying and operation of the metal pipes. In addition,
exterior coating compositions for metal pipes should have a
good aging resistance, good weathering resistance during
the interim storage of the pipes, an outstanding resistance to
external influences, good dielectric properties and a low
permeability to watcr vapor and (o pascs.

One-coat systems based on epoxy resin arc known for the
exterior coating of metal pipes, but beecause of the low
mechaanical strength of the cpoxy resin coatings these sys-
lems are disadvantageous when subjected 1o impact siress.

It is also known to coat the exterior of metal pipes using
a three-layer method which involves first applying a powder
primer based on epoxy resin to the metal substrate, applying
a hot melt adhesive 1o the powder primer, and subsequenily
applying a polyolefin cladding, Three-layer coatings of this
kind for metal pipes arc described in, for example, EP-A-57
823, GB 1 542 333, DE-A-22 22 911, DE-A-22 57 135,
DE-A-19 65 802, DE-A-29 44 809 and DE-A-32 30 955.
These three-coat systems comprising epoxy resin primer,
thermoplastic hard adhesive and polyolefin cladding mate-
rial go a long way to fulfilling many of the requiremenis.
They arc markedly supenor 1o the onec-coal systems. The
three-coal systems combine the positive properties of the
thermosetting primer layer (good adhesion to steel) with the
thermoplastic polyolefin cladding (toughness, long-term
resistance, good dielectric propertics, low gas permeability).

The use of powder coatings bascd on epoxy resins,
dicyandiamide curing agenis and crystalline or amerphous
silicic acids as powder primer in the three-layer exterior
coating compositions {or metal pipes is known. Also known
are powder primers comprising ¢poxy resins, phenolic cur-
ing agents and amorphous silicic acid fillers.

However, the disadvaniages of the three-layer systems
known up to now consisi in an inadequate peel strength after
slorage in hot water, in which partial detachment of ihe
powder coating [rom the substrate occurs during peeling
after storage in hot water. Furthermore, the propertics with
repard to submigration during cathodic delamination are a
continual target for improvement.
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The object of (he present invention was therefore to
provide multi-layer coatings for 1he coating of metal pipes,
which coatings do not have the disadvantages described
above. The intention was thus 1o increase, in particular, the
peel resistance of the coatings alter siorage in hol water, and
also ta obiain excellent results in respect of cathodic delami-
nation. The coatings were to be firmly adhering and resistanm
and were to provide a high degree of protection against
corrosion.

SUMMARY OF TIIE INVENTION

The object of 1the present invention is achieved by three-
layer metal pipe coating composilions based on a powder
primer containing epoxy resins and phenolic crosslinking
agents, on a thermoplastic hard adhesive and on a polyolefin
cladding. The metal pipe coaling compositions are charac-
terized in that the powder primer contains cpoxidized
novolak resins, phenolic crosslinking agents and fillers
based on crystalline silicic acid modifications.

DESCRIPTION OF THE PREFERRED
EMBODIMLENTS

The epoxy resin primer, which is in powder form, con-
lains epoxy novolak resins. In these novolak resins, the
phenolic hydroxyl groups are etherified with alkyl or aryl
groups or the like. Epoxide groups arc incorporated into the
molecule by reacting the phenolic hydroxyl groups with
epichlorchydrin. The so-called epoxy novolak is farmed on
the hasis of novolaks. The epoxidized novolaks are related
in structure to bispheno] A resins. The basic mode!] for the
epoxidized novolaks is the diglycidyl cther of bisphenol F.
Epoxidized novolaks can be prepared by epoxidization of
novalaks which are composed, Tor example, of from 3 to 4
phenolic rings interconnected via methyvlene bridges. Other
novolak resins which can be used are alkyl-substituted
phenols which are reacted with formaldehyde. Epoxidized
novolak resins have a higher functionality than bisphenol A
resins. It is preferred to use epoxidized novalak resins
having an average functionality in the range from 2.4 to 2.8
and an epoxide cquivalent weight in the range from 600 to
850.

Suitable epoxidized novolak resins are commercially
available, for example, under the designation DER 672U
(Manufactvrer: Dow Chemicals), Epikote 2014
(Manuflacturer: Shell) and GT 7220 and GT 7255
(Manufacturer: Ciba Geigy).

In order to cure the epoxidized novolak resins, the powder
primer contains phenolic crosslinking agents. These may, for
example, be any phenolic resin, provided i has the methylol
functionality which is pecessary for reactivity. Preferred
phenolic resins are reaction products of phenol, substituted
phenols and bisphenol Awith formaldehyde, which products
are prepared under alkaline conditions. Under such condi-
tions the methylol group links to the aromatic ring in either
the ortho or para position. The present invention pives
particular prefercnce to employing, as phenolic crosslinking
agents, hydroxyl group-containing bisphenol A or bisphenol
F resins having a hydroxy equivalent weight in the range
from 180 to 600, particularly preferably in the range from
180 to 300. Such phenolic curing agents are prepared by
reacting bisphenol A ar bisphenel F with components which
contain plycidyl groups, for example the diglycidyl ether of
bisphenol A. Phenolic crosslinking agents of this kind are
available, for example, under the trade name DEH 81, DEH
82 and DEI1 87 from Daw, DX 171 from Shell and X13 3082
from Ciba Geigy.
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The cpoxy resin primer contains ane or more catalysts
which arc suilable for the epoxy resin/phenaolic resin curing.
Suitable catalysts are phosphonium salts of organic or inor-
ganic acids, imidazoles and imidazole derivatives, quater-
nary ammonium compounds and amines. The catalysls are
generally employed in proportions of from 0.001% by
weight to about 10% by weight, based on the overall weight
of the epoxy resin and the phenolic crosslinking ageni.

Examples of suitable phosphonium sall catalysts are eth-
yltriphcoylphosphonium iodide, ethyliriphenylphospho-
nium chloride, ethyltriphenylphosphonium thiocyanate, eth-
yltriphenylphosphonium acetate/acetic acid complex,
lelrabutylphosphonium iodide, tetrabutylphosphonium bro-
mide and tetrabutylphosphonium acetatefacelic acid com-
plex. These and other suitable phosphonium catalysts are
described in, for example, U.S. Pat. Nos. 3,477,990 and
3,341,580,

Examples of suitable imidazole catalysts are
2-styrylimidazole, 1-benzyl-2-methylimidazole, Z-methyl-
imidazole, 2-butylimidazole. These and other imidazole
catalysts are described in, for example, Belgian Patent No.
756,093.

Some commereially available phenolic curing agenits
already contain catalysts for the cpoxy resin/phenolic resin
crosslinking.

The powdecr primer contains crystalline silicic acid modi-
fications as filler. These modilications are conventionally
employed in a proportion of from 10 1o 50% by weight,
based on the overall weight of the powder primer. In some
cases, il is also possible to have proportions of more than
50% by weight of filler. Crystalline silicic acid modifications
can be obtained, far cxample, under the names Sikron SH
500 and Sikron SF 600 {(Manufacturer; Quarzwerke GmbH)
and Quarzsand F 31, F32,F 34, F 36, G30,G 32,G34,G
36, H 30, H 31, H 32, H 33 and H 34 (Manufacturer:
Quarzwerke GmbH).

The crysialline silicic acid modifications include quanz,
cristobalite, tridymite, keatile, stishovite, melanophlogite,
coesite and fibrous silicic acid. The fillers preferably
employed in the powder primers are surface-treated crystal-
line silicic acid modifications. These are, for example,
silane-modified silicic acid modifications based on quartz,
cristobalite and vitreous fused silica. Fillers of this kind are
available under the regisiered trademark Silbond®
{Manufacturer: Quarzwerke GmbH).

It is particularly advantageous il ihe silicic acid modili-
cations used as fillers in the powder primers are glycidyl-
functionalized. Such modifications are available, for
cxample, under the name Silbond 600 EST and Silbond
6000 EST (Manufaciurer: Quarzwerke GmbH) and are
prepared by reacting crystalline silicic acid modifications
with epoxy silanes.

The powder primer preferably contains from 10 to 40%
by weight, based on the overall weight of the powder primer,
of crystatline silicic acid modifications.

The powder primers may also contain olher inorganic
fillers, for example titanium dioxide, barium sulfate and
fillers based on silicate, for example talc, kaolin, magnesiom
stlicates, aluminum silicates, mica and the like. The powder
primers may il desired also contain other auxiliaries and
additives. Examples of these arc leveling agents, flow aids
and decaerating agents, for example benzoin.

The powder primers are prepared by known methods (cf.
e.g. the product information leaflel from BASF Lacke
+Farben AG, “Pulverlacke” [Powder Coalings], 1990) by
homogenization and dispersion, for example using an
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exiruder, screw kneader and the like. After the powder
coatings have been preparcd, they aec adjusted to the desired
particle size distribution by milling and, if desired, Ly
classifying and sicving.

The powder primers are applied clectrostatically or tri-
hoelectrostatically to the preheated surface of the metal pipe,
The applicd thickness of the epoxy powder primer is usnally
in the range from 30 to 400 Im.

The secand layer of the metal pipe coating, ihe thermo-
plastic hard adhestve, is applied either as a melt by an
extrusion method or by a powder application method to the
powder primer layer. Suitable adhesives {adhcsion
promolers) are copolymers, graft copolymers and ionomers
which contain earboxyl groups, ashydride groups or groups
which can be hydrolyzed to give carboxyl groups. Suitable
copolymers can be prepared by copolvmerizing ethylene or
propylene with a.f-ethylenically unsaturaled carboxylic
acids such as, for example, acrylic acid, methacrylic acid,
itaconic acid, crotonic acid, isocrotonic acid, maleic acid and
fumaric acid, with the corresponding anhydrides or with the
corresponding esters or half-csters having 1 to 8 carbon
atoms in the alcohol resicue. It is also possible w employ the
corresponding salls of the carboxylic acids listed. Further
suitable adhesives are polymers which can be prepared by
grafiing at least onc polymer from the group comprising
polyalefins with up to 10% by weight, based on the overall
weight of the monomers, of at least one monomer from the
group comprising o,f-cthylenically unsaturated carboxylic
acids, their anhydrides, esters or salts in the presence or
absence of peroxides. Thermoplastic hard adhesives which
have proven suitable for coating metal pipes are copolymers
of cthylene, {meth)acrylic esters and (meth)acrylic acid.
Such adhesives are commercially available under the name
Lucalen® (Manufacturer: BASF AG). Examples of appro-
priate Lucalen grades are Lucalen A 2910 M, Lucalen A
2010 M Q 47, Lucalen A 3110 M and Lucalen A3110M Q
244. The applied thickness of the thermoplastic hard adhe-
sive is penerally in the range from 100 to 500 lm, and the
substrate temperature during the application of the thermo-
plastic hard adhesive is in the range from 150 to about 220°
C. It shauld be ensured that fhe epoxy resin powder layer has
not yet fully cured at the time of application of the adhesion
promotet, in order 1o produce a firm bond.

To form the third layer, the metal pipe coating composi-
tions according 10 the invention comprise polvolefin coating
compositions which are applicd 1o the melied adhesive at
elevated temperature, usually by an extrusion method. Suit-
able polyolefing are low density, medium density and high
density polycthylene, lincar low densily and linear very low
density polyethylene, and also polypropylenes, their copoly-
mers with ethylene and other monomers, and the copoly-
mers of ethylenc and of propylene with one or more
comonomers from the group comprising vinyl esters, vinyl
alkyl ethers, vnsaluraled mono- and dicarboxylic acids, and
their salis, anhydrides and esters. The polyolefin coating
material which is employed with particular preference is
ethylene hamopolymer. Suitable polyethylencs are
obtainable, lor example, vnder the tradename Lupolen®
(Maoufacturer: BASF AG). Examples of suitable Lupolens
arc Lupolen 2441 D, Lupolen 2452 D, Lupolen 3821 1) and
Lupolen 3652 D (BASF AG).

The present invention also relates to a process for the
exterior coating of metal pipes by a three-laver mecthod,
which involves applying i powder primer based on epoxy
resin to the melal pipe, applying a thermoplastic hard
adhesive 1o the powder primer and subsequently applying a
polyolefin coating matcrial. The process is characterized in

21231 EPR1.1 3-5



US 6,174,569 B1

5

that the powder primer contains epoxidized novolak resins,
phenolic resin crosslinking agents and fillers based on
crysialline silicic acid modifications. With repard to the
description of the multi-layer metal pipe coating
composilion, reference is made to the stalcments madec
above. In the process according 1o the invention, the surface
of the metal pipe is first conventionally cleancd to remove
Tust, grease, oil, dust ctc. A chemical pretreatment may be
carried out if desired (chromating and/or phosphatizing).
The clcancd metal pipes are then heated, by inductive
hcating or in a gas oven, 10 a coating temperature of from
approximately 170 to 220° C, The powder primer is applied
clectrostatically or by means of triboclectric charging 1o the
hot surface of the metal pipe. Conventional application
thicknesses of the powder primer are in the range from 30 to
400 Im, preferably in the range from 80 to 100 Im. In
accordance with the present process, the sccond layer—the
thermoplastic hard adhesive—is applied cither as a melt by
an extrusion method or by a powder application method to
the powder primer layer. A particularly good bond between
the powder primer layer and the adhesive layer is achieved
if the degree of crosslinking of the powder primer, at the
lime of application of the thermoplastic hard adhesive, is
from 40 to 60%. In any case, however, it should be ensured
that the epoxy resin powder primer has not yct fully cured
at the time of application of the thermoplastic hard adhesive,
in order to achieve adequate adhesion. During the applica-
tion of the thermoplastic adhesive, the substrate temperature
is usually in the range from 150 to 220° C. The conventional
application thickness of the thermoplastic adbesion pro-
moter is in the range from 100 to 500 Im, preferably in the
range from 180 (0 350 Im. In a lurther steq, the pulyolelin
cladding material is then applied by an extrusion method to
the melled thermoplastic hard adhesive. Conventional
applied thicknesses of the polyelefin cladding layer arc in
the range {from 1.8 to 3.7 mm. The polyolefin cladding
maierial is applied, in the cas¢ of small pipe diameters, by
the anmular die method using a crosshead, and, in the case of
larper metal pipe diameters, by the cxtrusion cladding
method using a slot die. In the aooular die method, the
thermoplastic adhesive can either be coextruded with the
polyolefin cladding material or else the thermaoplastic hard
adhesive can be applied by a powder application method and
the polyolefin cladding material by iube extrusion. After it
has been coated in three layers, Ihe metal pipe with sleeve
is conventionally cooled in a water bath.

The three-layer metal pipe coatings which can be abtained! <

by the process according to the invention have outstanding
propertics. For inslance, there is no detachment of the
powder primer from the subsirale. Good properties are
abtained in respect of the ¢longation at break of the poly-
olefin cladding layer and in respect of the specific cladding
resistance. An increase is obtained in the peel resistance of
the coating after storage in hot water, and the resulis in
respect of cathodic delamination are very good.

In the following text the invention is illustraicd in more
detail using exemplary embodiments. Parts denote parts by
weight unless staled otherwise.

COMPARATIVE EXAMPLE 1:

A powder coating is prepared having the following com-
position:
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lilanium dioxide, rutile 3% by weight
crystalline silicic ncid 3%k by weight
levcling ngent 158 by weight
denerating agent 196 by weight
epoxy resin (Lpikole 1055 from Shell) 39% hy weighl
having an epoxide equivalent weight

of 800)

dicyandiamide 4%h by weight

COMPARATIVE EXAMPLE 2Z:

A powder coating is prepared having lhe following com-
posilion:

ticaniums dioxide, rutile

amerphous silicic acid

Ieveling agent

denernting agent

epoxidized novelak resin (Shell Epikote
2014, EEW 700

phenclic curing agent based on

bisphenol A (commercial product XB 3082
from Ciha Geigy, hydroxy equivalent

5% hy weight
208 by weight
1% by weight
1% by weight
48% by weight

15% by weight

weight 250)
EXAMPLE 1:
A powder coating is prepared from the following com-
ponents:

titanium dioxide, rutile

crystalline silicic acid, functionalized
with glycidyl groups (Silbond 6000 EST
from Quarzwerke GmbH)

leveling agent

deaemting ngent

epoxidized novolak resin (Epikote 2014
from Shell, EEW 700)

phenolic curing agent based on
bisphenol A (commercial product XB 3082
from Ciba-Geigy, hydroxy equivalent
weight 250)

5% by weighl
30% by weighl

1% by weight
1% hy weight
48% by weight

15% by weight

The three formulations described above (Comparative
Example 1 and 2, Example 1} are processed 1o give powder
coatings of commercially conventional particle size distri-
bution. The three powder coalings prepared are emploved as
primer in a three-layer meithod for the exterior coating of
metal pipes.

TFor this purposc, pipes having 2 diameter of 300 mm and
a wall thickness of 12 mm arc blasted in a biasting unit io
degree of cleanness SA 3. The peak-to-valley height should
be approximately 50 Im. The pipes are then heated with an
induction coil to 200+5° C.

The powder coatings of Comparative Examples 1 and 2
and of Example 1 arc applied elecirostatically ai a layer
thickness of from 80 to 100 Im. After a degree of crosslink-
ing of from 40 to 60% has been determined, a pulverulent
thermoplastic hard adhesive (Lucalen A 3110 M Q 244 from
BASF AG) is in each case applied clectroslatically 1o the
powtdler primer in a layer thickness of 300=50 im. Abow 10
sec. after the extrusion of the adhesive, a 3+0.2 mm thick
layer of the polyolefin having the (radename Lupolen 3652
D (Manufacwarer: BASF AG) is applicd by an anoular dic

2123111 EPR1.1 4-5



US 6,174,569 B1

7

method at 220210° C. About 30 sec. afier completion of the
three-layer coating, the pipes are cooled to room emperature
in a water bath,

The three pipes obtained are divided into test rings of
about 15 cm in width. CD tests in accordance with DIN
30671 arc carrted out on the three different three-layer
structures under the conditions of 30 days at room
temperaturc, 2 days at 65° C,, and 14 days at 65° C. in 0.5
molar sodium chloride solution.

Submigralion [mm]

2 days 14 days 30 days

65" C. 85° C. ol
Comparative Ex. 1 F 7 4
Comparative Ex. 2 2 5 4
Example 1 n 5 1

In addition, the peel resistance according to DIN 30 670
is determincd for all three structures. The values found are
in each case >40 Nfcm at 23° C.

A test segment of each layer siructure is siored for 6
weeks in mains water at 80° C.

For the pipe section with the primer powder according to
Comparalive Example 1, peel values of about 15 N/cm are
found. In 1his case there is detachment of the powder coaling
from the substrate in addition to cohesive fracture of the
adhesive layer.

For the pipe section with the primer powdcr according to
Comparative Example 2, peel values of about 20 Nfem are
found. Here too, detachment of the powder coating from the
substratc is cbserved at some points in addition to cohesive
fracture of the adhesive layver.

For the pipe section with the powder primer according to
Example 1, peel values of over 25 Nfem are found. Cohesive
fracture occurs only in the adhesive layer.

What is claimed is:

1. Athree-layer metal pipe coating composition compris-
ing a first laycr that is applied (o the pipe and is a powder
primer, a sccond layer that is a thermoplastic hard adhesive,
and a (hird, outer layer that is a polyolefin claddiag, wherein
the powder primer contains epoxidized novolak resins,
phenolic crosslinking agents, and crystalline silicic acid
modifications.

2. A metal pipe coating composition according o claim 1,
wherein the epoxidized novolak resins have an average
functionality in the range from 2.4 io 2.8 and an cpoxide
equivalent weight in the range from 600 io 850.
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3. A metal pipe coating composition accarding (o ¢laim 1,
wherein the phenolic crosslinking agents used are selected
from the group consisting of hydroxyl group-containing
bisphenol A resins and hydroxyl group-comaining bisphenol
F resins, wherein suid resins have a hydroxyl cquivaleni
weight in the range from 180} to 600.

4. A melal pipe coating composition according to claim 1,
wherein the crystalline silicic acidd modifications are
glycidyl-functionalized.

5. A metal pipe coating compeosition according 10 claim 1,
wherein the powder primer contzius from 10 10 40% by
weight of crystalline silicic acid modifications.

6. A process far the exlerior coating of metal pipes by a
threc-layer method, comprising applying a powder primer to
a2 metal pipe, applying a thermoplastic hard adhesive fo the
powder primer, and subsequently applying a polyolefin
cladding, wherein the powder primer cantains epoxidized
navolak resins, phenolic crosslinking agents, and crystalline
silicic acid maodifications.

7. A process according to claim 6, wherein the cpoxidized
novolak resins have an average functionality in the range
from 2.4 10 2.8 and an epoxide cquivalent weight in the
range from 600 to 850.

8. A process according to claim 6, wherein the crystailine
silicic acid modifications are glycidyl-functionalized.

9. A process according 10 claim 6, wherein the powdcr
primer contains from 10 to 40% by weight crystalline silicic
acid modifications.

10. A process according 1o claim 6, wherein the phenolic
crosslioking agents used are selected from the group con-
sisting of hydroxyl group-cantaining bisphenol A resins amd
hydroxyl group-containing bisphenol F resing, wherein said
resins have a hyvdroxyl equivalent weight in the range from
180 10 600.

11. A process according 1o claim 6, wherein the thermo-
plastic hard adhesive used comprises copolymers of ethyl-
enc and compounds selected from the group consisting of
aerylie acid, methuerylic ueid, esters of acrylic acid having
1 to 8 carbon atoms in the alcohol residue, esters of
methacrylic acid having 1 to 8 carbon atoms in the alcohol
residue, and mixtures thereof.

12. A process according to claim 6, wherein the polyolefin
cladding used is a polycthylene sleeve.

13. A process according Lo claim 6, wherein the degree of
crosslinking of the powder primer during the application of
the thermoplastic hard adhesive is from 40 to 60 %.
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[57] ABSTRACT

An outer pipe casing (20) and a concrele wbe (26) cast
inside, form a pre-siressed concrete pipe in ils ¢lementary
farm. Prior 1o casling, a layer of non-cohesive matenial (28)
is sprayed on the inside of the pipe casing and an annular
ring (32) is welded inside adjacent to cach end. A resilient
seal ring (46) is captivated into the inwardly facing legs (38)
of the sccond channel (36) of cach annvlar ring and a
temporary seal (52) scparates cach annular ring from the
matcrial (28). Afler the concrete of the tube cures, a pres-
surized solidifying compound (54) is inserted under pressure
to a pathway (42) formed into ¢ach annular ring and it is also
exiruded into a region (30) coated by the non-cohesive
material. Pressurization of the compound is sufficicnt o
cause the pipe casing to bulge cuiwardly and compression of
the concrele in the ube is achieved. When the compound
hardens, the compressive foree remains and pre-loads the
pipe. As the outer casing bulges externally when pressurized
by the compound, the seal ring (46) is compressed tightly
against the concrele of the wbe assuring and maintaining an
absolute closure between the tube and the annular ring.

1% Claims, 4 Drawing Shects
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1
PRE-STRESSED CONCRETE PIPE

TECHNICAL FFIELD

The prescnt invention relates 1o conerele pipe in gencral,
and more particularly to a pipe that includes a metallic outer
casing wilh pressurized solidifying compound between lhe
casing and the conerele pipe.

BACKGROUND ART

Previously, pre-stressed concrete pipe and members used
for building columns, liquid storage tanks, bridges, fluid
Now, ete., have utilized tensioning members made of sieel,
usually bars or wires commonly called tendons thai have
been tensioned by stretching with hydravlic jacks, or the
like. The goal is to eliminate tension forces on load bearing
members, as concrele has considerable compression
potential, but litde tensile strength. It has been found that
many approaches have been attempted in order to solve this
problem, including both pre-tensioning and post-tensioning,
which are well known in the art, also some have encased
concrele pipe in an enclosure and filled the gap with grout
or some other solidifying substance under pressure.

A search of the prior art did not disclose any patents that
read directly on the claims of the instani invention, however,
the following U.5. patents are considered related:

Ifatent No. Invenlor Issue Date

5,065,795 Creedon Nov. 19, 1991
4,840,200 Creedon Jun, 20, 1989
4,771,530 Creedon Sep. 20, 1988

U.S. Pal. No. 5,065,793, issued to Creedon, discloses a
pre-siressed concrete article that overlays the ends and
utilizes gaske! rings between the end walls. A hardenable
medium is injected in beiween a jacket and the concrete
article which gencrates sufficient pressure to outwardly
bulge the jacket, drawing the end walls together, therchy
compressing the gaskets.

Creedon’s U.S. Pal. No. 4,840,200 teaches a pre-stressed
tube and a method of manufaciure. A non-adhering lamina
layer receives a medivm that is injected under pressure. The
medium provides a foree to the tube with one or both walls
of the layer enlarging and when hardened, provides a
permanent leak-proof pre-stress force to the tube. The tmbe
is preferably wound with filaments around a thin walled
inoer shell and the non-adhering lamina is a film of Teflon
or waxcd paper. The utility is for lightweight tubes capable
of withstanding large bursting forces, such as a rail gun
barrel.

U.S. Pat. No, 4,771,530 of Creedon is for methods of

pre-siressed concrete members using a pressure containing s

casing positioned around the outside surface leaving a cavity
therebetween, A pressurized medium is injecied info the
cavity at a pressure sufficicnt to apply the required pre-stress
force. The pressurized medium changes form by hardening
after injection and includes grout, thermosel plastic, and
epoxy resin. When the concrete member is cast, a cavity is
formed by peeling the concrete member and casing away
from each other as the medium is injected.

Tt will be noted (bat the teachings of pre-stressing a pipe
using a hardenable medium under pressure is old and well
known in the art, however, simple and reliable methods have
been lacking. Further utilization of mechanical featurcs that
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provide a substantial seal a1 the end of the tube along with
convenient entry points have not been laught by the prior art
disclosed.

DISCLLOSURE OF THE INVENTION

Historically, because conerete structurcs, such as pipes,
conduits, columns and storage tanks have little tensile
strength, and yet, ample compression strength, significant
development has been directed into pre-siressing these con-
figurations to make their use practical. As previously
mentioned, reinforcement, such as stretched reinforcing
mcmbers and, in its simplest form, bars and wires embedded
in the concrete itsell have proven to be practical, However,
when pre-stressing is required, the koowan methods have
been cost and labor intensive. Winding wire around a
structure and coating the outside has also been atlempled
with some success, however, again cost is a factor. It is,
therefore, a primary object of the presem invention to
pre-stress a concrete pipe by forming a minute gap berween
an outer casing made of a thin metal and an inner concrete
tube, The invention utilizes a liquidous substance that is
injected, withoul voids, throughout the gap under high
pressure while maintaining a positive scal on each end of the
pipe. The substance is allowed 10 harden in place therefore
maintzining its compressive forces.

An important object of the invention is 2 simple and easy
method of construction accomplished by simply coating the
inside of the casing with a non-cohesive material, preferably
a petroleum based substance, such as oil. This process is
extremely uncomplicated and essily accomplished with a
minimum ol labor, {urher, the coaling ereales a relatively
even region throughout the casings inner wall in-between
the concrete pipe.

Another object of the invention is the case in which
trapped air may be relieved from the spatial pathway at each
end of the pipe. A veat is provided at both places by drilling
a hole in the casing and welding on a boss or simply tappiag
the hole. A plug is twisted into the threaded opening per-
mitling trapped air 1o be vented casily and (hen sealed with
the plug.

Still another object of the invention ix direcied to the use
of a standard sized steel ouler pipe casing that is easily
fabricated and available throughout the country. As the only
modification necessary is to add the holes and couplings,
these casings arc relatively inexpensive and welding an
annufar ring adjacent to each cnd is casily accomplished
with conventional automatic tools and moderately skilled
personnel.

If the application requires a precision fil between pipes,
the casing may be sized by expansion using conventional
methods withoul alfecting the balance of the madifications.
Further, the concrete tube is cast over a conventional man-
drel using construction methods that arc bath well known
and within the skill of those knowledgeable in the art.

Yet another object of the invention is accomplished by the
vnique confliguralion and positioning ol an annular rng
having a resilient seal ring embedded therein welded adja-
cent to each end of the pipe’s metallic casing. When pressure
is applied within a region coated with non-cohesive matcrial
beiween Lhe casing and lhe concrete lube, the casing expands
and the seal ring is pressed into a tight relationship with the
concrete tube. The actual presents of pressure around the
resilicnt deal ring assures an effective seal.

A further object of the invention has to do with the
attachment means between the ends of each pipe. As each
extremitly consists of a simple open ended round metallic
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pipe, conventional methods may be employed such as
welding, couplings with O-rings, slip [it, etc., all within the
capabililies of a skilled artisan.

These and other objects and advantapes of the present
invention will become apparent from the subsequent
detailed description of the preferred embodiment and the
appended claims taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 11s a partial isometric view of the preferred embodi-

ment.

FIG. 2 is a fragmentary cross-sectional view taken along
lines 2—2 of FIG. 1.

FIG. 3 is a double channel annular ring completely
removed from the invention for clarity.

FIG. 4 is a cross-scctional view 1aken along lines 4—4 of
FIG. 3.

FIG. §is a resilient seal ring completely removed from the 2

invention for clarity.

FIG. 6 is a partial cross-sectional view taken along lines
6—=6 of FIG. 5 illustrating only half of the seal ring.

FIG. 7 is a partial end cross scction view of the invention.

FIG. 8 is a partial end cross section vicw of the invention
with solidifyiag compound in place.

FIG. 9 is a partial end cross section view of the invention
including an OQ-ring.

FEG. 10 is a partial end cross section view of the invention
inctuding an O-ring with solidifying compound in place.

FIG. 11 is a partial end cross section view of the invention
including an O-ring and a upset bend in the annular ring.

FIG. 12 is a partial end cross section view of the invenlion
including an O-ring and a upsel bend in 1he annular ring with
solidifying compound in place.

FIG. 13 is a fragmentary cross-sectional view of the
invention with check valves in place within the bosses.

FIG. 14 is a partial end sectional view of the invention
with an alternate embodiment of the seal ring.

FIG. 15 is a partial end sectional view of the invention less
the weld for the annular ring.

FIG. 16 is a partial end sectional view of the invention
with a threaded hole and a swaged pipe casing.

F1G. 17 is a partial end scctional view of the invention
with the anoular ring baving an O-ring, unequal lenglh
channel legs, a threaded hole and a swaged pipe casing.

BEST MODE FOR CARRYING OUT THE
INVENTION

The best mode for carrying out the invention is presented
in terms of a preferred embodiment with other sccondary
configurations. The preferred embodiment, as shown in
FIGS. 1 through 17, is comprised of a hollow tubular outer
pipe casing 20 of metal, preferably steel. The casing 20 may
be seamed or scamless of a construction that is conventional
and casily obtained. Obviously, the casing has an inner wall
22 and opposed ends 24, and the thickness of the material
may vary relative to the diameter of the pipe and the amount
of pre-stress required for the application. The thickness,
however, must be sufficient to permit controlled cxpansion
and deformation when subjected to intemnal pressure.

A concrete tube 26 is formed within the interior of the
casing 20 by casting with liquidous concrete poured over a
mandrel in an ordinary manner well known in the industry.
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Prior 10 casting, a film layer of 2 non-cohesive material 28
is applicd by spraying, or the like, o the inner wall 22 of the
pipe casing 20, thus forming a superficial fissure region 30
therebetween when the concrete tube 26 is curcd. This
non-cohesive material 28 may be of any type suitable for the
application as long as it prevents adherence of the concrele
1o the metal wall of the casing 20, however, a petroleum
based substance, such as oil, has been found 1o be ideal and
is incxpensive and casy 1o obtain, leaving a uniform gap of
a thickness dependent upon the viscosity of the oil.

A metallic double channel shaped annular ring 32 is
positioned within cach ¢nd of the pipe casing 20 prior 10
casling the tube 26. Each anoular ring 32 is located adjacent
ta the casing ends 24 contignous with its inner wall 22. The
annular ring 32 is of a roll-formed construction with its ends
welded together forming a continuous annules. The ring 32
is illustrated by itself in F1GS. 3 and 4 and in cross-section
in the remainder of the figures. The configuration of the ring
32 is impantant as it is formed with a first channel 34 and an
opposed second channel 36 with the legs 38 of the first
channel facing the pipe casing 20 inncr wall 22. The sccond
channel 36 has its legs 38 facing inwardly in the opposile
direction. A longitudinal Range 40 integrally extends from
an outcrmost leg 38 of the first channel 34, as depicted in
FI1G. 4 and is of a diametcr only slightly smaller than the
inside diameter of the casing 20 permitting a slip-fit ther-
ebetween. The flange 40 intimately embraces the casing 20
while the first and second channels 34 and 36 are awav from
the inner wall in the open and inverted direction, thereby
forming a peripheral spatial pathway 42 within the void.
This pathway 42 is larger within the first channel 34 and
considerably smaller over the second chanael 36, as it is
inverted, therefore, only the spacing of the back of its web
creates a sccondary portion of the pathway 42, however, it
will be seen that both channcls contribute 1o the pathway.
FIG. 14 illustrates an embodiment ol the ring 32 wherein
one flange of the first channel 34 is omitled. The thickness
of the metal forming the annular ring 32 is of wimost
importance, as it needs 1o be thin enough to bend or yicld at
the proper time, and yet, thick enough to have the necessary
rigidity to hold ihe weight of the wbe 26 if the wbe is
vertically cast.

In a secondary embodiment of the annular ring 32,
illustrated n FIGS. 11, 12 and 15, the first channel 34
incorporates an upset bend 44 facing the inner wall 22 of the
pipe casing 20. The purpese of this bend 44 is to permit the
ring 32 to bow at the bend when lincar contraction of 1he
pipe casing 2{} is encanniered, due 10 the Poisson ratio effect
on steel, without deforming the balance of the annular ring
a2

The annular ring, second channel 36 provides a seat for a
resilient seal ring 46 captivating this ring on three sides with
a snug fit, as shown in FIGS. 1, 2 and 7 through 17. There
are 1wo potential leakage paths around this annular ring 32
the first may be designaled the inner leakage path which runs
between the rings Jongitudinal flange 40 and the pipe casing
20). The second leakage path may be called the outer leakage
path which cxists between the inside portions of the annular
ring 32, the periphery of the seal ring 46 and the interface
with the concrete tube 26 as the concrete may develop
minute shrinkage when it hardens leaving a slight cleavage
thercbetween. The scal ring 46 is contiguous with the
concrete tube 26 and forms an impervious restricting band
assuring a hermetic closure within the outer leakape path
when the pipe is pressurized. The seal ring 46 is preferably
square in cross-section, as shown in FIC. 6 and others,
however, it may be rectangular, chamfered al the lower inoer
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corner to avoid air bubbles during casting, or even squarc
with an inverted step 50, as depicted in FIG. 14 and still be
within the scope of the invention, Any resilient material may
be employed for the ring 46, such as neoprene, polyurethane,
silicone, Teflon, Viton BUNA-N, elc., in either a hollow or
solid configuration.

An optional O-ring 48 may be disposed within each first
channel 34 of the annular ring 32 positioned toward the pipe
casing end 24 (o ensure a hermetic seal within the inner
leakage path when pressure is introduced into the spatial
pathway 42 formed by the presence of the annular ring 32,
This O-ring 48 is depicied in its preferred location in FIGS.
9 through 12, 15 and 17, and is constructed of a conventional
resilient material compatible with the elements involved.
This element is described as being round, however, other
configurations are acceptable, such as square, irregular,
including one commonly koown as a quad-ring.

FIG. 17 illustrates vet another cmbodiment of the annular
ring 32 wherein the legs 38 of the first channel 34 are
uneven, making the web even easier to bend upwardly.

Joining means hermetically seal the inner leakage paih
between the annular ring 32 and the pipe casing 20, pref-
crably by welding a circumferential weld bead 49. This weld
is simply a coalescence of metal produced by heating to the
melting point and as both the casing 20 and annular ring 32
are of the same matenal, arc welding is the preferred
method, as it creates a homogencous joint, a hermetic seal
and also a strong conncction. Another allernate emboediment
of this joining means is illustrated in FIG. 15 and consists of
casting a portion of concrete material in front of the annvlar
ring 32 holding it in place by adherence of the conerete 1o
both the annular ring 32 and the pipe casing 20 at its igner
wall 22 as no non-cohesive material 28 is present. With this
embodiment it is imperative that the O-ring 48 is used within
the first channel 34 of the annular ring 32 ta assure a definile
hermetic scal when pressure is applied and no non-cohesive
material is employed on the inncr wall 22 adjacent to the
pipe ends.

A temporary seal 52 is disposed between the anoular ring
32 and the inner wall 22 of the pipe casing 20. This seal 52
is used to scparate the ring from the concrete mbe 26 and
block the spatial pathway 42 from being filled with conerete
when the tube 26 is being poured. The seal 52 is only
temporary, as it is ruplured when pressure is applied 1o the
pathway 42, therefore, the preferred material is a waterproof
pressure sensitive tape, however, other forms of material
may also be used with equal case.

To pre-stress the concrete pipe, a pressurized solidifying
compound 54 is disposed between the inner wall 22 of the
pipe casing 20 and the concrele tube 26 within the spatial
pathway 42 and the region coated with non-cohesive 30. The
solidifying compound 54 is pressurized from 50 to 1,500
pounds per square inch (345 kPa 1o 10,343 kPa), according

to the diameter of the pipe and the desired pre-stress. This

pressurization compresses the concrete tube 26 inwardly
toward the center of the ube creating a stressed condition or
internal distribution of force on the concrete deforming its
basic structure producing supplementary tensile strength o
the composite pipe. The pressurization may be sufficient to
bulge the pipe casing 20 outwardly or foree it to grow in
diameter, and becavse of the Poisson’s ratio effect, when the
casing 20 swells in diameter, it shortens slightly in length,
this shrinkage of the casiag 20 may cause the annular ring
32 to buckle, therefore, in the alternate embodimens, the
upsct bend 44 in the firsi channel 34 permits conirolled
dcformation in an arca that does not compromise the integ-
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rity of the scal ring 46, as previously discussed. When the
solidifying compound 54 hardens, the compression upon the
concrele tube 26 is retained and the pressurization source
may be detached. Tt should be noted that the compression of
the compound 54 may be by any convenient means, such as
a mechanical pump,

Any non-compressible fluid may be used in its liquidous
state as the solidifying compound 54, such as 1 grout of
cemenlitious material, thermosct plastic, hydraulic cements,
etc. It has been {ound, however, that an epoxy substance
having a resin and a hardener in two parts is ideal for the
application, as it has little shrinkage and substanual com-
pressive strength when it hardens.

Means to introduce the solidifying compound 54 into the
annular ring spafial pathway 42 and region coated with
non-cohesive malerial 3( are provided by drilling a serics of
holes 56 in the casing 20 in lincar aligoment with the spatial
pathway 42 and covering them with hollow threaded bosses
58 in the form a pipe couplings or hex nuts welded in place.
When the pipe casing 20 has sufficient thickness, the holes
56 may be tapped in place eliminating the necessity of the
addition of the bosses 58. In cither event an unrestricted
route is provided directly into the appropriale space. These
bosses 58 arc illustrated in FIGS. 1, 2 and 7 through 15 and
the threaded holes 56 in FIGS. 16 and 17. On particularly
long runs cither clement 56 or 58 may be additionally
located in the middle of the pipe casing or if the occasion
demands, with FIG. 13 illustrating such a position. Al least
two of these hosses S8 or threaded holes 56 are appositcly
positioncd over cach pathway 42 with one used for entry and
the other for veniing atmospheric pressure when the com-
pound 54 is introduced. A plug or valve may be cither
removed or opened for venting.

The other two or more bosses 58 opposite the vents are
used for introduction of the compound 54 and may incor-
porate a check valve 60 permilting the requisite pressurizing
cquipment to be detached for cleaning while the compound
54 is still in the liquid state.

The fabrication technique is basically simple and not
difficult for those familiar with the industry methodology.
The pipe casing 20 is first cut 1o length and holes 56 are
drilled near cach end 24 with the hollow bosses 58 welded
over the holes. An anoular ring 32 is positioned into the
casing 20 al each end and welded in place on the trailing
edge of the Jongitudinal flange 40. The temparary seal 52 in
the form of tape is placed on the leg 38 of the second channel
36 of each ring 32 and jointly to the adjacent inner wall 22
of the casing 20 as illustrated in FIGS. 14-17. The resilient
seal ring 46 is embedded into cach second channel 36 of the
ring 32 and a layer of non-cohesive material 28, such as oil,
is sprayed upon the inner wall 22 of the casting. The casing
20 is placed over a standard mandrel (not shown) and
concrete is poured in the remaining space.

Afler the concrete has cured and the mandrel is removed,
the solidifying compound 54 is injected through the check
valves 60 into the pathway under pressure. When this veid
is filled (he vent bosses 58 arc plugged and the required
pressure is allowed to build up, lorcing the compound inte
both passageways 42 and expanding ino the repion coated
with non-cohesive material 30. The presence of the non-
cohesive material 28 permits the compound 10 penctrate the
region 30 ¢ntircly with minimal effont. This pressurc on the
non-compressible compound 54 not only (ills the region 30,
but expands the casing 20 slightly, and shrinks the concrete
tube 26, providing the desired compressive siress on the
tube. The prescnts of pressurc on the resilient scal ring 46
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assures a proper and continuous seal of the outer leakage
path berween the concrete tube 26 and the inner surface of
the annular ring second chaanel 36 and also the resilient seal
ring 46. The shape of the annular rings permits radial
pressure 1o be applied 1o each seal ring 46 compressing the
seal against the tube 26. The pressurized compound supply
may be removed, whereby the check valve 60 retains the
interoal pressure until the compound 54 solidifics, thereafter
continuing he siressing by cuompression against the solid
material.

In the event G-rings 48 are employed, they function as a
secondary seal for the inmer leakage path between each
annular ring 32 and the casing 20 in the cvent that the
circumferential weld beads 49 are not integrally sound
having cracks or voids present in the weld, not achicving a
flawless seal.

Counnection of the pre-stressed concrele pipe, one end to
the other is accomplished by conventional joints, such as
butt welding with a back-up ring over the weld! lapped one
end inside the oiher and then welded, or a rolled seal groove
section welded to the casing 20 with an O-ring gasket
completing the seal. Grout with steel reinforcement is nor-
maily pourcd in the gap between the ends of the concrele
tube 26 creating a smooih inner surface of material having
the same inside diameter as the tube 26,

While the invention has been described in compleie detail
and pictorially shown in the accompanying drawings, it is
not to be limited to such details, since many changes and
modifications may be made in the invention without depart-
ing from the spirit and scope thereof. Hence, it is described
to cover any and all modifications and forms, which may
come within the language and scope of the appended claims.

What is claimed is:

1. A pre-stressed concrete pipe comprising;

a hollow (ubular ouler pipe casing having an inner wall

and opposed ends,

a concrete tube within said pipe casing,

a film layer of a non-cohesive material positioned
bewween the inner wall of the pipe casing and the
concrete tube, forming a superficial fissure region
therebetween,

a metallic double channel annular ring positioned within
each end of the outer pipe casing contiguous with both
the concrete tube and the casing defining a peripheral
spatial pathway,

joining means hermetically sealing the annular rings to
the pipe casing on the casing inncr wall adjacent to each
end,

a resilicot scal ring held captive by each annular ring and
conligirous with the concrete mbe forming impervious
restricting bands,

a temporary seal disposcd between each apnular ring and
the inner wall of the pipe casing for transitorily sepa-
rating the rings from the concrete tube, and

a pressurized solidifying compound disposed between the
pipe casing and the concrele tube within the spatial
pathways and the region coated with non-cohesive
malerial such that the concrete of the tube is constantly
compressed in an inward direction creating a siressed
condition on the concrcte producing supplementary
tensile strength to the composite pipe.

2. The pre-siressed concrele pipe as recited in claim 1
wherein said hollow tubular outer pipe is metallic and of a
thickness permitting controlled expansion when pressurized
by said solidifying compound.
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3. The pre-siressed concrete pipe as recited in claim 1
wherein said concrete tube is cast over a mandrel.

4. The pre-siressed concrele pipe as recited in claim 1
wherein said non-cohesive material is a petroleum based
substance.

5. The pre-stressed concrete pipe as recited in claim 1
wherein said metallic double channel annular rinps are of a
roll-formed construction, cach having a first channcl and a
second channel opposed 1o each other with the first channel
lcgs facing the pipe casing inner wall and the second channel
legs facing inwardly in an opposite direction.

6. The pre-sircssed concrete pipe as recited in claim §
wherein said annular ring first channel incorporales an upset
bend facing the inner wall of the pipe casing such thal when
pressurc is applied to the solidifying compound the annular
rings may bow at the bend, due to linear contraction of the
pipe casing, without deforming the balance of the annular
ring.

7. The pre-stressed concrete pipe as recited in claim §
wherein said annular ring second channel encloses said
resilient seal ring on three sides with a snug fit providing a
hermetic seal when pressure is applied to the solidifying
compound assvring closure as the concrete tube is pressur-
ized.

8. The pre-stresscd concrele pipe as reciled in claim §
further comprising an O-ring disposed within cach first
channel of the annular ring toward each pipe casing end to
insure a hermetic seal when solidifying compound is intro-
duced into the spatial pathway of each annular ring.

9. The pre-sircssed concrete pipe as recited in claim 1
wherein said joining means is a coalcscence of metal pro-
duced by heating 10 the melling point such as welding,

10. The pre-stressed conerete pipe as recited in claim 1
wherein said joining means are a portion of concrete mate-
rial cast in front of each annular ring holding them in place
by adherence of the concrete to both the annular ring and 1he
pipe casing inoer wall,

11. The pre-stressed concrete pipe as recited in claim 1
wherein said temporary seal is waterproof pressure sensitive
tape.

12. The pre-siressed concrele pipe as reciled in claim 1
wherein said pressurized solidifying compeund is an epoxy
substance having a resin and a bardener in two parts in its
liquidous state.

13, ‘The pre-siressed concrele pipe as recited in claim 1
wherein said solidifying compound is pressurized at a pres-
sure of from 50 pounds per square inch (345 kl'a) to 1,500
pounds per square inch (10,343 kPa).

14. The pre-siressed concrete pipe as recited in claim 1
lurther comprising means to introduce said solidifying com-
pound into said anoular ring spatial pathway and the region
coated with non-cohesive material.

15. The pre-siressed concrete pipc as reciled in claim 14
wherein said means to introduce said solidifying compound
into said annular ring spatial pathway and the region coated
with non-cohesive material further comprising, said pipe
casing having a plurality of threaded apertures within the
casing in linear alignment with cach annular ring spatial
pitthway such that an unrestricted roule is provided directly
into appropriate spaces.

16. The pre-stressed concrete pipe as recited in claim 15
wherein at least two threaded apertures are appositely posi-
tioned over each spatial pathway for venling atmosphere
thercfrom when the solidifying compound is introduced.

17. The pre-stressed conerele pipe as recited in claim 15
wherein at least two threaded apertures temporarily contain
a check valve for maintaining pressure on the solidifying
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compound after introduction permitting detackment of pres-
surizing equipment for cleaning following use.
18. A method of making a pre-stressed concrele pipe
comprising the steps of,
providing a hollow tubular outer pipe casing having an
inner wall and opposed ends,
atlaching a metallic double channel annular ring within
each end of the outer pipe casing with hemetically
sealed joining means leaving a peripheral spatial path-
way between each ring and the pipe casing,
positioning a resilient scal ring within each double chan-
nel annular ring forming restricling bands,

installing a temporary scal between each annular ring and
the inncr wall of the pipe casing creating & transitorily
sccurcment therebetween,

applying a flm layer of non-cohesive material upon the
inner wall of the pipe casing,

casting a concrele lube within said pipe casing over a
mandrel leaving a superficial fissure region belween the
casing and the concrete a5 permiited by the presence of
the Glm layer of non-cohesive material, and, afier the
concrete tube has cured,

injecting under pressure, a selidifying compound jointly
into the ring spatial pathways and into the region coated

10

20

10

with the non-cohesive material, between the pipe cas-
ing and the concrete tube by rupturing the temporary
seal, such that when the solidifying compound has
hardened the concrete is constantly compressed in an
inward direction creating a stressed condilion on 1he
concrele producing supplementary (ensile steength to
the composile pipe.

19. A pre-stressed concrele pipe comprising,

a bollow outer pipe casing covering a concrete tube,

a pair of melallic annular rings joined one within cach end
of the pipe casing, each having a peripheral spatial
pathway and said rings comtiguous with the concrete
tube,

a pair of resilient scal rings held captive by cach aonular
ring forming impervious restricting bands, and

a pressurized selidifying conpound disposed within the
spatial pathways and between the ouler pipe casing and
the concrete wube such that the concrete of the tube is
constantly compressed in an inward dircction creating
a stressed conlition on 1he concrete producing supple-
menlary tensile sirength to the compaosite pipe.

* *x ¥ *
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[57) ABSTRACT

A method of making a prestressed concrete pole, in-
cluding placing a heat softenable plastic pipe in a metal
tube or pipe and filling the space between the pipes with
conerete, rotating the metal pipe-concrete assembly
rapidly to center the plastic pipe therein, applying hot
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eral hours while the concrete sets, and gradually releas-
ing the fluid pressure and prestressing pressure to obtain
a prestressed concrete pole.
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1
METHOD OF MAKING PRESTRESSED

CONCRETE POLES, TUBES, AND SUPPORT
COLUMNS

BACKGROUND OF 'I'HE lNVENTION

Hereto!'orc. there have been many commercial arti-
chs made frém prestresseh concrctc materials. These
amcles may include tubular plpes, beams. support col-
umiis, été., and the ebncretc may include reinfdicing

‘rods, bars, and/or ‘tubes thcrem A large number of such

prestressed concrcte-mcta] remforced articles -have
been made heretofore!: Naturally, it is always desirable
to make ‘improved cdnctete products at reducéd costs,

or to obtain better physical propci'tlcs in such products :

by novel production $teps. *

-1t is the ‘genéral object of the present invention to
provide an |mproved précess for forming hollow pre-
stressed concréte artu:lés such as poles, whlch have a
‘metal outer shell,

% Another object of the invention is'to prowde pre-

stressed concrete columns, tubes, or poles positioned in
metal enclosure tubes and whlch have desn‘ab]e phys;-

‘cal properties.
‘Another object of the invention is to prov:dc an-im--

proved méthod for obtaining prestreséed'concrete poles
which are made by substantially conventional ‘apparatus
and mc!udmg iising a corregated thin wall metal enclo-
sure tube in forming the concrete poles. "~ . . -

““The foregoing and ‘other: dbbjects And advantages of
the invention will be made more apparent as the spemﬂ-
cat:on proceeds. © - v

" Reference now:is partlcularly du-ected to the nccom-
panying drawings, wherein.’

FIG. 1 is ¢ diagrammatic flow diagram chartfof thc
method of the mvemlon of- makmg a preqtressed con-
crete poIc “

FIG.2isa dlagrammauc v1ew of-apparatus involved
in the first step of-forming a prestressed concrete pole in
accordance with the principles of the invention;

* FIG. 3 isa disgrammatic view.of other apparatus and

‘means used in the further processing, rotating, and ten-
sioning the article.of. lhe |nvent|on during. its manufac-
torg; and - -

FlG 4isa cross-sectlonal view oi' lhe artlcle in FIG.

When refcmng to oorrespondmg members and steps
shown in the dfawing, and referred to in the specifica-
tion, corresponding numerals are'used-to f'ac:lltatc com-
parison therebetween. : TR

SUBJ ECT MATI‘ER OF THE INVENTION

The present invention, as one embodiment thercof,
relates to a methdd.of making.a prestressed concrete
pole'having a hollow interior and-a metal tube outer
wall having transversely extending corrugations therein
comprising steps of coating-the- inner wall-of the metal
pipe or tube with 4 liquid epoxy plastic, placing a heat
softenable plastic pipe in the metal tube on the Jongitu-
dinal axis thereof and filling the space between the pipes
with concrete, rotating the metal pipe rapidly to center
the plastic pipe in the conerete in the metal pipe, apply-
ing hot fluid pressure to the plastic pipe interior to ex-
pand it and apply expanding pressure on the metal pipe
through the concrete, longitudinally prestressing the
concrete pipe assembly and establishing tension in the
outer metal shell which remains for the life of the struc-
ture. By having the tension at the outside diameter it is
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2
in its most effective position, and maintaining the stress
for several hours while the concrete is setting, and re-
leasing: the fluid pressure.

Attention now is pamcularly d:rected to the details
of the structure shown in the drawings, and FIG. 2
shows a metal pipe or tube 10 which preferably has
transvenely directed corrugat:ons 12 formed therein,
which tube is made from a suitable: meta] usually steel,
and which tube or pipe has a thin metal wall of, for
example, about 1/16 inches thick. Furthermore. the
tube has the corrugations 12 therein ‘which are rela-
tively flat. The tube can expand lengthwise and have its
corrugatiohé flattened stight'y during the manufactur-
ing operatlons, as outlined hcrcmafter in morc detail.

As an initial stes, the interior of the metal tube 10 is

‘coated withi a two'part epoxy liquid solution. This

epoxy is a special adhesive provided by Adhesive Engi-
néering Company of San Carlos, Calif,, and is particu-
larly adapted for aiding in the bonding of concrete to
metal such as the wall of the tube 10. The epoxy can be
mixed' and plated in the tube while the tube 10 is sup-
ported, for'example; on a pair of suitable bearing units

16 and 18. These bearings 16 and 18 can be supported in

any desired manner and usually it .is preferred to have
end.caps 20 and 21 on the metal tube 10 after the epoxy
material has been poured thereinto. Then the metal tube
can be suitably rotated on its longitudinal axis, as by
means indicated in-FIG. 2, so as to spread the epoxy
material into a uniform coat on the interior wall surface
of the tube. 10, and .any excess plastic can be poured
from an end of .the tube,

.- Next, a plastic pipe 22 is placed on thc center axis of
the tube 10. This plastic pipe is made from a heat soften-

able material, usually polyethylene, and it can be sup-

ported on the end caps- Then concrete is poured into
the metal pipe-plastic pipe assembly by removing one of
the ‘end caps and introducing liquid concrete after
which the end caps 20, 21, or similar members, are
engaged with the metal pipe assembly. Any desired

_removablé cap or opening can be provided in one or
both of the end caps to enable liquid concrete to be

introduced into the assembly of the metal tube and
plastic tube until the space between these tubes is filled.
This filling of the tube 10 with concrete should occur
before the epoxy plastic on the metal pipe wall has set.

FIG. 3 of the drawings shows that a pipe cap 120 may
have suitable ring gear 24 formed thereon, and a motor
26 by its output drive shaft 28, with a drive gear 30
thereon, engages this ring gear 24 so that the assembly
of the concrete, metal tube and plastic tube can be rap-
idly rotated in the annular bearings 16 and 18 at a rela-
tive speed, such as about 2,000 rpm’s. Such high-speed
rotation and the centrifugal action provided thereby
centers the plastic pipe 22 in the metal tube or pipe 10,
Obvicusly the concrete pipe assembly of FIG. 3 can be
supporied and rotated on its longitudinal axis in any
conventional manner. After about 2 ar 3 minutes of
rotation of the assembly shown in FIG. 2, the plastic
pipe should be positively located or centered on the
longitudinal axis of the metal tube 10 and then a hot
fluid such as hot water is supplied under pressure to this
plastic pipe 22, as through a rotary coupling 32. This
rotary coupling 32 has inlet and outlet tubes 33 and 34
cannected thereto and extending therefrom, whereby a
hot fluid, usually water, can be circulated around under
pressure in this plastic pipe to soften it, and the pressure
will, naturally, expand this polyethylene pipe and exert
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3
radially outwardly directed pressures on the concrete
and on the wall of the metal tube 10. After spinning this
tube 10 and the assembled materials therein, under the
pressurized conditions described, for about 10 minutes,
then a longitudinally prestressing tensioning force is
applied to the metal tube-concrete assembly. Hence, |
have shown diagrammatically jaws 38 for engaging one
end of the assembly, and a second set of jaws 40 for
engaging the opposite end of the metal tube-concrete

5

assembly. These gripper jaws 38 and 40 of any suitable

construction to be moved into engagement with the
tube 10 and its conteats, The jaws are connected to a
conventional tensioning machine not shown-for exert-
ing tension on this unit of the invention. Rotation of the
tube and concrete assembly can be terminated prior to
tensioning the assembly longitudinally. Preferably the
hot liquid pressure applied to the concrete-metal tube
assembly is maintained in effect for about two to three
hours and, at the same time, the prestressing tensioning
forces are applied to the assembly for about three hours
or fonger. Then the prestress tensioning forces, which
may amount to about a 20-ton pull, as used in forming
prestressed concrete poles on conventional size, is grad-
ually released over a period of five to ten minutes. Such
article formed, for example, may be about 60 feet long,
and be of a suitable outer diameter, and center bore size.

After these tensioning forces are released, the end
caps on.the pole are removed, the bearings 16 and 18 are
released, and a finished concrete tubular pole 50 canbe
removed from the apparatus and is rcady for use.

The pressure applied by the hot water may be, for
example, about 3000 ibs. per square inch and any con-
ventional rotary coupling can connect the pressure
supply lines to the concrete article being produced. It is
expected that the pole will grow 12'to 18 inches in
length due to the fluid pressure and longitudinal tension
force. o

By the apparatus and method of the invention, a good
bond is obtained between the concrete and the tube 10,
and some flattening of the corrugations in the metal
tube is effected, as indicated,in FIG. 3. This aids in
obtaining the desired density snd stresses in the con-
crete material as it sets up and cures in. making the fin-
ished tube 50 of the invention. The metal tube is made at
reasonable cost and has very desirable support proper-
ties, in addition to being the actual tensioning member
and provides a dursble, smooth outer surface pole. Due
to the fortunate location (at the outer surface of the

20

35

50

pole) it is calculated that only § the weight of steel

normally used as tensioning wire in prestressed poles
will produce the same strength pole. Thus, it is believed
that the objects of the invention have been achieved.
While one complete embodiment of the invention has
been disclosed herein, it wiil be appreciated that modifi-
cation of this particular embodiment of the invention
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may be resorted to without deparnng from the scope of
the invention. .

What is claimed is: '

1. A method of making a prestressed conerete pole
comprising the steps of coating the inner wall of metal
tube with a liquid epoxy plastic material,

placing a heat softenable plastic pipe in a concentric

position in the metal pipe and filling the space be-
tween the pipes with concrete,

rotating the metal pipe rapidly to center the plastic

pipe therein and compact the concrete,

applying hot fluid pressure to the plastic pipe interior

to soften and expand such plastic pipe and to place
expanding pressure on the metal pipe, and to fur-
ther compact the concrete,

longitudinally prestressing the concrete-pipe assem-

bly for several hours while the concrete sets, and
releasing the fluid pressure and prestressing pressure
to obtain a prestressed concrete pole.

2. A method of making a prestressed concrete pole as
in claim 1 where radial corrugations are presetit in said
metal tube, and they are partly flattened during forma-
tion of the concrete pole.

3. A method of making a prestressed concrete pole as
i claim ¥ or 2 and including filling the metal tibe with
concrete before the epoxy plastic has set up.

4. A method of making a prestressed concrete polé as
in claim 1 or 2 and including maintaining the hot fuid
pressure and longitudinal stress on the concrete pipe
assembly for at lgast about three hours and releasing
such pressure and stress.

5. A method of making a prestressed concrete pole
comprising the steps of uniformly coating the inner Wwall
of a metal tube with a liquid adhesive, .

a heat softening plastic pipe being positioned in the

metal pipe on its longitudinal axis,

filling the metal pipe with fluid concrete which en-

compasses the plastic pipe,

rotating the metal pipe rapidly to center the plastic

pipe in said metal pipe and the concrete therein,
applying hot liquid pressure to the plastic pipe inte-
-rior causing the metal outer pipe to prestress itself,
longitudinally stressing the concrete-pipe assemibly
before the concrete sets, and adding to the pre-
stressing done by the previous fluid pressure, and

releasing the two prestressing pressures to obtain a

prestressed -concrete pole.

6. A method of making a prestressed conerete article,
such as a pole, as in claim 5 and including contihuing the
rotation of the metal pipe and its contents for a few
minutes while applying the liquid pressure, and stop-
ping the rotation before applying the longitudinal stress
theretao.

7. A method as in claim 6 and including using a metal
tube with transversely extending corrugations therein,
and stretching the metal tube to tension it and maintain-

ing such tension by the concrete as it sets.
* . L ] ] L] *
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