
I

CONVENTION

AUSTRALIA

Patents Act 1990

NOTICE OF ENTITLEMENT

We, PIPEFORM L.L.C. of 750 South Plaza Drive, Suite 201, Mendota Heights, 
Minnesota 55120, United States of America (formerly known as PipeForm, Ltd. of 1303 
Raspberry Lane, Eagan, Minnesota 55123, United States of America) state the following in 
connection with Australian Application No. 26431/95:

1. We are the nominated person.

z.
• ·

The nominated person is the assignee of the actual inventors.

• · 3. The nominated person is the assignee of the applicants of the basic application listed
* t

• *
• *

• 4.
a ¢-

in the declaration under Article 8 of the PCT.

The basic application is the application first made in a Convention country in respect 
of the invention.

• n »
Dated: 29 November 1996

. c
ta By PHILLIPS ORMONDE & FITZPATRICK

Patent Attorneys for the Applicant
€

f «*
a * a

€• a > :
4 <
. To:

By

The Commissioner of Patents

PHILLIPS ORMONDE & FITZPATRICK
367 Collins Street

Melbourne, Australia, 3000

Our Ref: 474281

1925x

,/ /’ ■ .. >)



AU9526431

(12) PATENT ABRIDGMENT ¢11) Document No. AU-B-26431/95 
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 694780 

(54) Title
INTERLOCKED PLASTIC-ENCASED CONCRETE PIPE
International Patent Classiflcatlon(s)

(51)6 F16L 009/16 F16L 009/08 F16L 009/14
(21) Application No.; 26431/95 (22) Application Date: 25.05.95

(87) PCT Publication Number: WO95/33947
(30) Priority Data
(31) Number (32) Date (33) Country

255314 07.06.94 US UNITED STATES OP AMERICA
(43) Publication Date: 04.01.96

(44) Publication Date of Accepted Application : 30.07.98
(71) Appllcant(s)

PIPEFORM LLC
(72) Inventor(s)

MARK W SCHUMACHER; RAYMOND L STERLING
(74) Attorney or Agent

PHILLIPS ORMONDE & FITZPATRICK , 367 Collins Street, MELBOURNE VIC 3000
(56) Prior Art Documents

US 3532132
US 3742985
WO 92/19431

(57) Claim

1. A composite pipe including;

(a) a concrete core pipe having an inner and an outer surface;

(b) an outer layer of plastic spirally wound about and mechanically 

locked into said concrete core outer surface via a plurality of ribs in said outer 

plastic layer, said ribs being arranged such that the ribs run across the 

longitudinal axis of the pipe; and

(c) an inner layer of plastic spirally wound about and mechanically 

locked into said concrete core inner surface via a plurality of ribs in said inner 

plastic layer, said ribs being arranged such that the ribs run across the 

longitudinal axis of the pipe, said inner layer of plastic having interlocking, sealed 

edges.
3. An interlocked plastic-lined pipe including:

(a) a concrete core pipe having an inner and an outer surface;

(b) an elongated outer plastic strip spirally wound about and 

mechanically locked into said concrete core outer surface via ribs that run across 

the longitudinal axis of said pipe, said spirally wound outer plastic strip having
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interlocking longitudinal edge portions locked together, said plurality of ribs project

into said concrete prior to cure; and

(c) an elongated inner plastic strip spirally wound about and 

mechanically locked into said concrete core inner surface via ribs that run across 

the longitudinal axis of said pipe, said spirally wound inner plastic strip having 

interlocking longitudinal edge portions locked together, said plurality of ribs project 

into said concrete prior to cure.
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(57) Abstract

A composite concrete pipe (10) in which both the Inner (12) and outer (14) 
surfaces are plastic, The pipe may b< formed of any diameter by forming the inner 
and outer plastic surfaces from helically wrapped Interlocking plastic strips to form the 
diameters desired.
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INTERLOCKED PLASTIC-ENCASED CONCRETE PIPE
5 Background of the Invention

1· Field of the Invention

j ' This invention relates to a concrete and plastic composite pipe in which

5 the inner and outer walls arc lined with plastic,
* 2. Description of the Related Art

The current state of the art in the concrete pipe industry involves casting

by the packerhead process, the vibration process or the spin process, Commonly, 

t within the wall of the pipe steel cages would be suspended for reinforcement. The

1
10 packerhead uses a spinning head that moves up through the pipe to, (1) disperse the

concrete dropped in from the top out to the outside form, (2) provide the consolidation 

of the concrete within the wall of the pipe by means of pressure, and (3) upon 

completion of one or more passes up and down through the pipe form the inside 

diameter. The vibration process utilizes fixed inside and outside forms and the steel
(

15 reinforcement is dropped into the annular space between the forms. The concrete is
J then introduced into the annular space by gravity and subjected to intense highί

frequency vibration to achieve the compaction and consolidation required. The

(
spinning process uses a horizontal spinning mold with end caps into which the concrete 

is introduced and consolidation is achieved through centrifugal force,

20 The finished pipes (in all processes) are then moved to a curing area and
stripped of the forms. The forms are then returned to the production station and the

I process is repeated. Since the finished pipe is stripped of all supporting form work
I immediately after casting, the concrete mixes used in these processes must be very dry,
ί , t
| stiff mixes exhibiting zero or negative slump. Slump measurement involves using a

25 tapered steel cone filled with the concrete mix then the cone is turned over so the
larger radius end of the cone sets on the floor and the smaller radius end is up. The 

cone is removed and the amount of slump or settling of the concrete is measured 

relative to the top of the cone. Zero slump refers then to a condition where no 

settlement takes place. Negative slump refers to a concrete mix where water could be
* 30 added and still have a zero slump result in the test. Since the pipes must stand

unsupported right away, the mixes used in this process have little flexibility and 

sometimes the pipes exhibit inconsistently or poorly consolidated material. In addition 

the pipes need to be cured in a moist environment, commonly steam cured, to allow the

SUBSTITUTE SHEET (RULE 26)
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finished pipes to take on enough moisture to fully hydrate the cement in the mix so that

the full strength of the concrete can be achieved. Tlie limitations of the very dry mix
inhibit the industry from taking advantage of the many possible mix designs to achieve
better consolidation and higher strengths, In addition, the exposed concrete can change

5 shape slightly and lose its dimensional tolerances through the drying process.
The other limiting feature of the processes described above is the need

for fixed equipment for every size and wall thickness of pipe produced. This 

equipment is costly and must be produced for a very demanding environment where it 
is subjected to intense compaction pressures and vibration levels, as well as the

10 abrasive nature of the dry concrete mix.
The pipes produced by this process have several problems or limitations.

To achieve the required three edge bearing strengths for underground burial and to 

minimize the amount of steel required, the walls are relatively thick, making the pipes 

heavy and more difficult to handle and limiting the distance they can be economically
15 transported. The first mode of failure in the three edge bearing test is the 0.01 inch 

(0.25 mm) crack that typically occurs in either the crown or invert of the pipe. While 

this is not structural failure, (it indicates the passing of all tensile stresses to the steel 
reinforcement) it is the common design parameter since most users do not want a crack 

such as this to allow water or other corrosive materials to corrode the reinforcing steel.
20 This leads to the main limitation in use of concrete pipes for sanitary

sewers. In many areas of the country hydrogen sulfide corrosion of sanitary sewers is 

a severe problem. The alkaline nature of the cement paste in concrete is particularly 

susceptible to attack from the sulfuric acid formed from generation of hydrogen sulfide 

in sanitary sewers. Hydrogen sulfide is the noxious and lethal gas with the "rotten
25 egg" odor that results from the biological breakdown of human and animal waste. To 

combat this problem, liners of highly plasticized PVC were created to be cast into the 

inside diameter of concrete pipes. These liners were designed to provide corrosion 

protection only, they had no rigidity and offered no structural enhancement at all.
These liners were successful in providing corrosion protection; however, they had other

30 problems. Their extremely flexible nature made them difficult to handle in the pipe 

manufacturers plant and temperature differences were important since these liners had 

to be placed around the fixed diameter inside forms. These liners had a very high 

coefficient of thermal expansion relative to the steel forms so depending on the ambient
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temperature they could either fit too tightly or loosely. The other problem was that to 

protect the joint area between pipe sections a strip of the PVC material several inches 

wide had to be welded by hand in.o the liner on adjacent pipe-sections in the pipeline 

after installation in the field. The result of the production problems and the field

5 welding made this system expensive and limited the size range to those accessible to 

man entry.

There have been several attempts to use fiberglass as an inside and 

outside "lining" for concrete pipe. These products were associated with the spin 

manufacturing process previously described. No manufacturer in this country is

10 currently using this composite process, one manufaoturer does have the capability to 

centrifugal cast. The limiting factor for this manufacturing process has been that it is 

very slow and costly.

In the plastic pipe industry there have been some composite product 

offerings, the closest to the invention being described here is a product called Truss

15 Pipe. This is a pipe with a thin outer and inner shell connected by thin webs in a truss 

configuration angling between tire inside and outside layers. This part of the pipe is 

created with a straight extrusion where the webs run longitudinally with the pipe barrel 

and the process requires a different die for each size. The annular space between the 

webs is filled with a lightweight cellular concrete grout for rigidity. This composite

20 pipe behaves as a flexible pipe, that is it deflects progressively and significantly under a 

load. The lightweight concrete performs as a filler to provide some rigidity to increase 

the pipe’s stiffness and keep the plastic members in their optimal location. Other 

composite plastic products include plastic foam core, lining of metal pipes or tubes, and 

fiberglass and resin mortar pipes.

25 The art described in this section is not intended to constitute an

admission that any patent, publication or other information referred to herein is "prior 

art" with respect to this invention, unless specifically designated as such. In addition, 

this section should not be construed to mean that a search has been made or that no 

other pertinent information as defined in 37 C.F.R. § 1.56(a) exists.
ft
•5r
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Summary of the Invention

According to an aspect of the invention there is provided a composite pipe 

including;

5 (a) a concrete core pipe having an inner and an outer surface;

(b) an outer layer of plastic spirally wound about and mechanically

locked into said concrete core outer surface via a plurality of ribs in said outer 

plastic layer, said ribs being arranged such that the ribs run across the 

longitudinal axis of the pipe; and

10 (c) an inner layer of plastic spirally wound about and mechanically

locked into said concrete core inner surface via a plurality of ribs in said inner 

plastic layer, said ribs being arranged such that the ribs run across the 

longitudinal axis of the pipe, said inner layer of plastic having interlocking, sealed 

edges.

15 According to another aspect of the present invention there is provided an

interlocked plastic-lined pipe including:

(a) a concrete core pipe having an inner and an outer surface;

(b) an elongated outer plastic strip spirally wound about and 

mechanically locked into said concrete core outer surface via ribs that run across

20 the longitudinal axis of said pipe, said spirally wound outer plastic strip having 

interlocking longitudinal edge portions locked together, said plurality of ribs project 

into said concrete prior to cure; and

(c) an elongated inner plastic strip spirally wound about and 

mechanically locked into said concrete core inner surface via ribs that run across

25 the longitudinal axis of said pipe, said spirally wound inner plastic strip having 

interlocking longitudinal edge portions locked together, said plurality of ribs project 

into said concrete prior to cure.
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5 Brief Description of the Drawings

A detailed description of the invention is hereafter described with

specific reference being made to the drawings in which:
FIG. 1 is a perspective view of the composite plastic-lined concrete pipe

of the invention;

10 FIG. 2 is an end view of the pipe of FIG. 1;
FIG. 3 is a side elevational view of the pipe of FIG. 1 showing the

helically wound exterior plastic layer;
FIG. 4 is an enlarged blow-up from FIG 2 showing the interlock of inner

and outer plastic layer wraps with concrete; .
15 FIG. 5 is an enlarged blow-up from FIG. 2 showing the ribs which lock

into the concrete ;
FIG. 6 is a cross-sectional view through lines 6-6 of FIG. 2;

FIG. 7 is a end view of a pipe showing that the pipe may be off-round; 

FIG. 8 is a simplified mechanical diagram of a pipe forming machine;
20 FIG. 9 is a top plan view of the machine of FIG. 8;

FIG. 10 is a simplified mechanical diagram of the machine of FIG. 8
showing concrete loading;

FIG. 11 is a top plan view of the machine of FIG. 9 showing concrete
loading;

25 FIG. 12 shows a· casting pallet; and
FIG. 13 shows an end treatment of composite pipe.

* r t
4 t <
/‘n, Description of the Preferred Embodiments

““ · With reference to FIGS. 1-7, the invention described here is a rigid
/«, « 30 composite walled pipe 10 that utilizes both plastic elements 12, 14 and concrete 16 in a
V |< ■ ■ 'fc t

design that leverages the best structural aspects of each material. The design offers 

better structural performance, reduced weight over existing concrete pipes, corrosion 

protection, and elimination of leakage from external hydro static forces. Due to the
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way in which the plastic and concrete elements are used, the manufacturing process is 

significantly changed from the existing processes in either concrete or plastic pipe 

production, resulting in elimination of fixed equipment for each size of pipe, steel 
reinforcement use, and need for special curing chambers. The unique features of the

5 pipe 10 itself and the production process will be described below.
Pipe The pipe 10 is formed using tubes 12, 14 made from a spirally

wound ribbed plastic profile for both the inside and outside diameter, with the ribs 20 

extending into the annular space of the pipe. This plastic profile is rigid, i.e. the tubes 

12, 14 formed make a freestanding pipe in and of themselves. The annular space is
10 filled with concrete 16, vibrated to provide consolidation and complete filling of the 

spaces in and around the ribs 20. This locks the plastic 12, 14 and concrete 16 

together allowing structural interaction between the two materials. The design places 

the plastic 12, 14 at the inner and outer extremities of the structure, the points where 

tensile stresses in the three edge bearing or crush tests are highest. This allows the

15 plastic, which has far superior tensile strength compared to concrete, to carry the 

tensile forces. The concrete, which has a superior modulus of elasticity and 

compressive strength, provides the rigidity and carries the compressive stresses. The 

interaction of the two materials produces superior structural performance without the 

need for internal steel reinforcement to carry tensile loads. Table 1 below compares
20 the results of three edge bearing tests on the composite pipe and compares with require 

ments for both reinforced and unreinforced pipes for various wall thicknesses. The 

testing was conducted by Twin City Testing of St. Paul, Minnesota.

UNREINFORCED CONCRETE PIPE

Pipe Dia.
in.

Pipe Class Wall
Thickness

in.

Pipe Wt.
Ib/ft

Req. 3-edge
Bearing Str.

lb/lin ft

12 2 1.375 58 2250

12 3 1.75 76 2600

ii

30

I!
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REINFORCED CONCRETE PIPE

Pipe
Dia. in

Pipe Class Wall
Thickness

in.

Pipe Wt,
Ib/ft

Req.
0.01"

3-Edge
Bearing

str. lb/lin
ft

Req. Ult.
3-Edge
Bearing

Str, lb/lin
ft

12 5 2 92 3000 3750

12 5 2.75 147 3000 3750

CONCRETE & PLASTIC COMPOSITE PIPE

Pipe
Size in.

Pipe
Class

Wall
Thickness

in.

Pipe Wt.
Ibs/lin. ft

0.01” 3-
Edge

Bearing Str.
Ib/Iin ft

Ult.
3-Edge
Bearing

Str. lb/lin
ft

12 1.39 54 3914 5712

12 • 2.50 116 6501 11059

The values for required three edge bearing strength are taken from

15 ASTM C-14 for unreinforced concrete pipe and ASTM C-76 for reinforced concrete 

pipe. Unreinforced pipe does not have an ultimate three edge strength value since it 
fails structurally once a significant crack forms. The required values for reinforced 

pipe are the same no matter what wall thickness is used, the change is in the steel 
required to reinforce the pipe. Thinner walled pipes require more steel reinforcement

20 to achieve the same three edge bearing test results. By analyzing the tables it can be 

seen that the composite pipe achieves more than double the performance in the strength 

test on a comparable wall thickness basis as compared with the conventional steel 
reinforced concrete pipe. In addition, after the 0.01 inch (0.25 mm) crack occurs, the
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composite walled pipe begins to behave closer to a flexible pipe, i.e., under increasing 

load the pipe deflects significantly without structural damage to the plastic inside and 

outside tubes. The inside and outside tubes also bridge cracks, so they are not exposed 

to corrosive materials.
5 The plastic inside diameter addresses the corrosion issues previously

mentioned and since the type of plastic used in the strip can be varied, the pipes can 

provide corrosion protection in some industrial applications where waste streams can 

vary widely in temperature and chemical makeup from typical municipal waste streams.
Production Process The unique features of the production process are

10 characterized by the flexibility and infinite variability achieved by eliminating fixed 

equipment. This flexibility begins with the winding machine that produces the plastic 

tubes. The machine is infinitely variable within the size range the producer desires to 

construct a machine. This winding machine is protected by patents previously issued to 

Mr. Stanley Menzel of Australia. Helically wound plastic pipe formation is described
15 in U.S. Patents 5,074,943, 4,995,929; 4,977,931; 4,687,690; 4,616,495; 4,566,496; 

4,435,460; 4,337,564; 4,308,082 and 4,209,043, the disclosures of which are 

incorporated herein.
The process here involves winding one tube 14 with the ribs 20 pointing 

out to form the inside diameter, and one tube 12 inside out, so to speak, with the ribs
20 20 pointing in for the outside diameter. It is this concept of using an "inside out" tube 

combined with the inside diameter tube to build a concrete pipe 10 that will eliminate 

the fixed form for every size requirement that is one of the key features of the process 

invention. Since the "form" becomes part of the pipe 10, it allows the process to be 

very flexible in use of different mix designs to impart certain structural properties, aid
25 in placement of the concrete in the form, insure adequate moisture to fully hydrate the 

cement, and allow the pipe to maintain its dimensional tolerances while curing. A 

second key element of the process invention is that with the form becoming part of the 
pipe and the resulting flexibility in the characteristics of the core material will allow 

different techniques to be used to introduce the core material. In the prototypes
30 referenced above concrete 16 was the core material and the annular spaces between the

tubes 12, 14 was sufficient to allow introduction of the concrete in a conventional
gravity feed "dumping" manner. As the annular space changes and as the need for
different materials in the core arises, other methods of filling can be used such as

»
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vacuum, pumping, injection, or some combination thereof. 1 .ally, containing the 

concrete in the structural "form" eliminates concerns regarding the concrete drying out 

too quickly and thus eliminates the need for special curing rooms.
It is anticipated that production of the pipe 10 would best proceed as

5 follows. The desired pipe size is determined and an outer plastic layer 12 is formed at 

a tube forming station using a helical pipe winding machine as patented by Mr,
Menzel, referred to above. The inner tube 14 is formed at a similar station of a 

diameter required for the internal dimension of the finished pipe 10. Note that the 

tubes 12, 14 have ribs 20 to contact and bind to the concrete. The tubes 12, 14 are

10 wound such that the ribs 20 face the concrete.
With reference to Figures 8-11, the inner and outer plastic tubes 12, 14

are then moved to a casting station 30 which preferably is located below floor grade 32 

such that an operator 34 may readily observe the filling of the annulus 36 between the 

tubes 12, 14. Station 30 includes a central fixed post 40 and spaced peripheral posts
15 42. A casting pallet 56 having a central hole 58 such that it may pass over the central

post 40 is positioned on top of a vibrating machine 60. The pallet 56 as shown in FIG, 
12 may be steel and defines the lower end of the pipe to be cast. Central post 40 

includes a plurality of adjustable guides 44 which may be moved out from said post to 

define and increase the diameter of the inside of the pipe 10 to be formed. Guides 44
20 would preferably include arcuate members 46 which closely match the inner plastic 

tube 14. A tube 14 is placed over the post 40 and the guides 44 are moved out to 

contact and hold the tube 14 in position.
The outer, peripheral posts 42 include a similar adjustable guide 50 with 

arcuate members 52 to hold captive the outer plastic tube 12. Again, it is desirable if
25 the arcuate members 52 define most of the circumference of the tube 12 such that the 

tube is kept from moving during concrete loading. It may be desirable to add vacuum 

to the arcuate members 46, 52 such that the plastic of the tubes 12, 14 is held to the 

arcuate members rather than simple abutment.
Figures 8-11 shows a concrete feed conveyor 64 which transfers mixed

30 concrete 16 to a rotating distributor 66 which may be mounted to central post 40. As
best shown in Figure 11, the distributor 66 rotates allowing concrete to be evenly
distributed into the annulus 36 to form the concrete of the pipe 10. Vibration as
needed may be supplied by the underlying vibrator 60.
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Generally, the concrete 16 itself may be mixed by a high shear, high

revolution mixer, a conventional ribbon mixer or pan mixer as used in precast concrete
plants, carried to a holding hopper and dropped to conveyor 64 where it may be

directed into the annulus 36 as described.
5 After the concrete fills the annulus 36, the pipe 10 is essentially formed.

A lifting crane 70 may be moved over the pipe 10 thus formed, attached to lifting lugs 

72 on the casting pallet 60 and used to lift the formed pipe 10 to a curing station. The 

next pipe to be formed is then made by repeating the process. Simple adjustment of 
the guides 44, 50 changes the diameter cf the pipe to be formed, when used in

10 conjunction with different sized tubes 12, 14. The process of using the tubes 12, 14 

for the forms makes it very easy to custom make whatever size pipe is desired. 
Thickness of concrete is set by the selection of the tube 12, 14 sizes and adjustment of 

the guides 44, 50.
After being formed, the pipes 10 may require finishing depending on

15 their intended uses. If the pipe is to be used in microtunneling, the ends 82 may be 

ground flat to avoid point loading during jacking. The ends 82 may be coated with 

concrete epoxies, polyester resin or covered with a plastic welded to the inner and 

outer tubes 12, 14 if a seal is desired.
The ends 82 of the pipe 10 may also be treated to prepare joints between

20 adjacent pipes. Typically, the outer edges of the pipe ends 82 may be ground back 

about 3 inches (7.6 cm) to remove the plastic tube 12 and some concrete 16, typically 

to the depth of the ribs /(0. A collar 82 of steel, stainless steel or plastic may then 

slide over this ground section such that it extends past the ends 80 and can be used to 

join over another pipe with its end ground back.
25 Although the drawings show a completely lined composite pipe, it is

possible to remove the inner, outer or both plastic layers 12, 14 such that the pipe 

formed may be fully lined, lined on one surface or unlined. The benefit is that custom 

sized pipes may be formed by using the tubes 12, 14 as forms, whether they remain 

incorporated in the Final pipe or not. Obviously, if a tube 12 or 14 is η Λ to be part of
30 the final pipe, it would not include projecting ribs 20 to contact concrete. The outer 

tube 12 may be removed simply by heating to expand and pop free, or release agents 

may be used to decrease adherence.
In addition, although formation of tubes 12, 14 is expected to be via a
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helical wrap such as in the Menzel patents described, any preformed plastic tubes may

be used. Spiral wrapped plastic tubes are not required, they simply make the process
of forming custom pipes easier since no stock of preformed plastic tubes need to be
ordered.

5 While this invention may be embodied in many different forms, there are
shown in the drawings and described in detail herein specific preferred embodiments of 
the invention. The present disclosure is an exemplification of the principles of the 

invention and is not intended to limit the invention to the particular embodiments 

illustrated.
10 This completes the description of the preferred and alternate

embodiments of the invention. Those skilled in the art may recognize other equivalents 

to the specific embodiment described herein which equivalents are intended to be 

encompassed by the claims attached hereto.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A composite pipe including:

(a) a concrete core pipe having an inner and an outer surface;

5 (b) an outer layer of plastic spirally wound about and mechanically

locked into said concrete core outer surface via a plurality of ribs in said outer 

plastic layer, said ribs being arranged such that the ribs run across the 

longitudinal axis of the pipe; and

(c) an inner layer of plastic spirally wound about and mechanically

10 locked into said concrete core inner surface via a plurality of ribs in said inner 

plastic layer, said ribs being arranged such that the ribs run across the 

longitudinal axis of the pipe, said inner layer of plastic having interlocking, sealed 

edges.

15 2. The pipe of claim 1 wherein said outer layer of plastic has interlocking,

sealed edges such that said outer layer provides corrosion protection to the 

composite pipe.

♦····· • ·
«· ·· 20
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3. An interlocked plastic-lined pipe including:

(a) a concrete core pipe having an inner and an outer surface;

(b) an elongated outer plastic strip spirally wound about and 

mechanically locked into said concrete core outer surface via ribs that run across 

the longitudinal axis of said pipe, said spirally wound outer plastic strip having 

interlocking longitudinal edge portions locked together, said plurality of ribs project 

into said concrete prior to cure; and

(c) an elongated inner plastic strip spirally wound about and 

mechanically locked into said concrete core inner surface via ribs that run across 

the longitudinal axis of said pipe, said spirally wound inner plastic strip having 

interlocking longitudinal edge portions locked together, said plurality of ribs project 

into said concrete prior to cure.
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12
4. A composite pipe substantially as herein before described with reference to 

any one of the embodiments illustrated in the accompanying drawings.

5. An interlocked plastic lined pipe substantially as herein before described 

5 with reference to any one of the embodiments illustrated in the accompanying

drawings.
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