
ELONGATED STRUCTURAL MEMBER AND METHOD AND APPARATUS FOR MAKING SAME
BACKGROUND OF THE INVENTION A.  Field of the Invention The present
invention generally relates to elongated structural members, and
particularly relates to elongated structural members suitable for use as
marine pilings. B.   Discussion of the Related Art Traditional marine
pilings are made of steel, concrete, or wood. Steel and concrete are very
heavy and expensive and do not have desired resiliency for fendering
applications. Steel is especially subject to rapid corrosion in a marine
environment. Wood suffers from rapid erosion and is subject to attack by
marine boring animals which deplete its effectiveness. In order to prolong
its useful life, wood is typically treated with a preservative, such as
creosote. However, creosote and other preservatives are detrimental to the
environment. Furthermore, given the recent efforts for preservation of
forests, the use of wood pilings is not desirable. Pilings made of plastic
have been proposed. For example, U.S. Patent No. 5,051,285 to Borzakian
discloses a structural plastic member suitable for use as a plastic piling.
A steel pipe is positioned in a mold and coated with thermoplastic resins,
fillers, and additives. The plastic is cooled and the resultant plastic
member is then removed from the 



mold. This approach suffers many disadvantages. Marine pilings typically
vary in length from ten to eighty feet and diameter as small as three
inches depending on a specific application. As a result, a piling
manufacturer must either construct molds of varying sizes, which is very
expensive, or use a single mold to produce pilings of a certain length and
diameter    and join multiple pilings longitudinally to achieve the desired
length. The use of a mold also limits the length of a piling which can be
produced. The plastic in the mold must be in a flowable state throughout
the entire process of filling the mold. The flowable state becomes
difficult to maintain as the length and size of the structure is increased.
Additionally, the adhesion of the plastic to the pipe is difficult to
control in such an operation where the plastic melt is introduced at one
end of an elongated mold and required to stick to the metal core pipe at
the opposite end, which is typically at least ten feet away. It is believed
that such a formed structure would contain hollows or at least weak areas
formed by interfaces between melt streams of different relative ages.
Because the length of the member is limited by mold 



size, the structure disclosed in Borzakian must be connected to other such
structures to form pilings of the length required for a given application.
Such joining methods and means are expensive, cumbersome and leave
potential seams for water and other environmental factors to attack the
metal pipe core. Accordingly, there is a need for a piling structure which
is corrosion resistant or corrosion proof, impervious to marine life, has
desirable structural integrity and resiliency/ toughness under side impact,
is environmentally safe, and preserves natural resources. There is also a
need for a piling structure which can be made to a desired size without
requiring multiple molds of varying sizes or the lengthwise coupling of
several piling sections. SUMMARY OF THE INVENTION Accordingly, the present
invention is directed to a elongated structural member that substantially
obviates one or    more of the problems due to limitations and
disadvantages of the related art. Additional features and advantages of the
invention will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by practice of the
invention. The objectives and other advantages 



of the invention will be realized and attained by the method and apparatus
particularly pointed out in the written description and claims hereof as
well as the appended drawings. To achieve these and other advantages and in
accordance with the purpose of the invention, as embodied and broadly
described, the invention includes a continuous, extruded plastic body
having a central longitudinal axis, first and second ends, and an outer
peripheral surface, and at least one reinforcing element disposed within
the plastic body in a position substantially parallel to the central
longitudinal axis of the plastic body. In another aspect, the invention
includes a method of making an elongated structural member comprising the
steps of continuously extruding a molten plastic into a die, feeding at
least one reinforcing element into the die so that the reinforcing element
is parallel to a longitudinal axis of the die, wherein the molten plastic
entering the die surrounds and bonds to the reinforcing element, and
cooling the molten plastic so that the molten plastic and reinforcing
element are formed into a structural member having a predetermined
cross-section. It is to be understood that both the foregoing general
description and the following detailed description are exemplary and
explanatory and are intended to provide further explanation of the
invention as claimed. The accompanying drawings are included to provide a 



further understanding of the invention and are incorporated in    and
constitute a part of this specification, illustrate several embodiments of
the invention and together with the description serve to explain the
principles of the invention. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a
cross-sectional view of an embodiment of an elongated structural member of
the present invention. FIG. 2 is a longitudinal sectional view of the
elongated structural member shown in FIG. 1 taken along the lines 2-2 of
FIG. 1. FIG. 3 is a cross-sectional view of another embodiment of the
elongated structural member of the present invention. FIG. 4 is a
longitudinal sectional view of the elongated structural member shown in
FIG. 3 taken along the lines 4-4 of FIG. 3. FIG. 5 is a cross-sectional
view of another embodiment of the elongated structural member of the
present invention. FIG. 6 is a diagram of a system for making an elongated
structural member of the present invention. FIG. 7 is a partial
longitudinal sectional view of a die used for making an elongated
structural member of the present invention. 



FIG. 8 is a diagram of a sub-system for forming and feeding reinforcing
elements to the system of FIG. 6. FIG. 9 is a side view of an elongated
structural member of the present invention.    5 DETAILED DESCRIPTION An
elongated structural member of the present invention includes a
continuously extruded plastic body having one or more reinforcing elements
disposed within the plastic body. The structure is produced continuously by
extruding a molten plastic about the reinforcing elements and cooling and
shaping the plastic into the desired shape and size. The present invention
is suitable for many uses, such as marine pilings, telephone poles,
railroad ties, etc. Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which are illustrated
in the accompanying drawings. The exemplary embodiment of the elongated
structural member of the present invention is shown in FIGS. 1 and 2 and is
designated generally by reference numeral 10. As embodied herein and
referring to FIGS. 1 and 2, elongated structural member 10 includes a
plastic body 12 and has 



a central longitudinal axis 14, first and second ends 16, 18, and an outer
peripheral surface 20. The plastic body 12 is preferably a plastic matrix
composed of suitable thermoplastic resins, such as high density
polyethylene (HDPE), low density polyethylene (LDPE), linear low density
polyethylene (LLDPE), polypropylene (PP),  or thermoplastic polyester
(PET). Virgin and recycled thermoplastic resins can be used.  Recycled
thermoplastic resins are preferable because of their availability, low
cost, and performance.  Such recycled thermoplasti  resins are available
from both post-consumer and post-industrial sources. Various additives can
be mixed with the plastic materials to enhance the performance of the
structural member. These additives include materials, such as antioxidants,
colorants, UW protectors, fungicides and compatibilizers.    6 Fillers are
preferably added to the plastic matrix to reduce the amount of plastic
needed, provide stiffness, and, in some cases, to enhance performance.
Fillers include mineral products such as calcium carbonate, talc, and
silica, as well as waste products such as wood chips, saw dust, ground foam
scraps, and ground paper. 



The plastic matrix is preferably foamed to reduce its density by up to
about 50 to 70%. Foaming can be effected by including one or more chemical
blowing agents in the plastic mixture. A chemical blowing agent reacts with
heat in an extruder to liberate gases, such as water vapor, carbon dioxide,
and nitrogen. Typical chemical blowing agents are well known in the art and
include, for example, azodicarbonamide and mixtures of citric acid and
sodium bicarbonate. Physical blowing agents such as nitrogen gas, carbon
dioxide, alkanes, and halogenated hydrocarbons can also be used. Referring
to FIGS. 1 and 2, a plurality of reinforcing elements 24 are disposed
within the plastic body 12 and are substantially parallel to the central
longitudinal axis 14 of the structural member. At least four reinforcing
elements are preferably used. The diameter and composition of the
reinforcing elements are chosen to give the desired strength and corrosion
properties. The reinforcing elements preferably are steel or fiberglass
rods. Rebar such as those used for concrete reinforcement can be used.
Steel rebar is relatively inexpensive and performs well. For increased
corrosion resistance, the steel rebar can be coated with any well-known
protective coatings, such as polyester (e.g., Scotch Kote[err] from 3M).
For optimum corrosion resistance and metal-free (e.g., non-magnetic)
construction, pultruded fiberglass rods or rebar 



can be used. Glass fibers are pultrusion cast continuously in a matrix of a
thermoset resin such as polyester or vinyl ester. The reinforcing elements
24 are placed in the plastic body at locations where they will contribute
the most to the strength and stability of the structural member without
being exposed to the environment through scraping or cutting of the
structural member.  The reinforcing elements are preferably placed at least
one inch from the outer surface of the structure to be reasonably safe from
potential exposure to environmental elements. The reinforcing elements are
also preferably arranged concentrically around the central longitudinal
axis 14 of the structural member, as shown in FIG. 1. The structural member
10 preferably also includes a central longitudinal bore 26 extending along
the length of the plastic member. The central bore reduces the plastic
material needed and allows for water jet driving of the structural member
into the earth to serve as a piling. A metal pipe 28 may be included to
line the longitudinal bore, as shown in FIG. 5. However, the inclusion of a
central bore or metal pipe is not necessary for the practice of the
invention. In another embodiment of the present invention, shown in FIGS. 3
and 4, the elongated structural member 10 includes a 



skin layer 22 formed on the outer peripheral surface 20 of the plastic
body. The skin layer is preferably composed of an unfoamed plastic matrix
which provides a structural, protective skin and allows the plastic body to
be foamed to lower densities than if the complete structure was foamed. The
matrix of the skin layer also preferably includes additives such as UV
protectors, antioxidants, and fungicides, making it unnecessary to include
them in the matrix of the plastic body. An apparatus for making the
elongated structural members of the present invention is illustrated in
FIGS. 6 and 7 and includes an extruder 50, die 60, shaping and cooling
station    8 70, puller 80, and cutter 90. Additional cooling stations 95
may be included either before and/or after the puller to further cool the
plastic member. The elongated structural member is formed by feeding a
desired mixture of plastic resins, fillers, additives, and blowing agent to
the extruder 50. The extruder melts and mixes the components to form a melt
52, which is fed to the die 60. FIG. 7 is a cross-sectional view of die 60,
which is illustrated as a crosshead die having an interior portion 61 for
receiving the molten plastic and the reinforcing elements, a 



hollow central mandrel 62, a lateral opening 64 coupled to the extruder 50,
and a plurality of ports 66 parallel to the central mandrel 62 for
receiving and supporting the reinforcing elements as they are fed into the
interior portion 61 of the die 60 by a feeding apparatus (not shown). If an
outer skin layer is to be formed on the plastic body, a second extruder 54
is coupled to a second lateral opening 68 of the die. When the molten
plastic first enters the die, a stopper (not shown) may be used to seal the
interior portion 61 of the die to accumulate the molten plastic so that it
fills the die and is pre-shaped prior to entering the cooling and shaping
station 70. The stopper is moved at a constant rate through the cooling and
shaping station until an initial portion of the structural member is cooled
and hardened. The melt 52 entering the die surrounds the reinforcing
elements and foams from the outside in, giving a denser foam towards the
skin layer 22. The density of the foam is preferably lower towards the
center of the structure and higher near the outside surface to provide
optimum support for the reinforcing elements, thus contributing to the
overall strength of the structure. The foam density is substantially
uniform, however, along the longitudinal axis of the structure.    



9 The central mandrel allows the center of the structural member to remain
hollow. Air can be introduced to the inside of the structural member
through the central mandrel for better cooling and for shape retention. The
central mandrel preferably extends throughout the length of the die and the
cooling and shaping station in a tapered fashion, as shown in FIG. 7, to
facilitate the formation of the central bore. The central mandrel may then
form the central bore by circulating fluid such as water through inlet pipe
72 and outlet pipe 74 to cool the plastic near the portion of the mandrel
extending into the cooling and shaping station 70. The mandrel is also
preferably coated with Teflon[err] to reduce friction. In this case, the
plastic structure would be denser around the central bore than a similar
structure having a central bore formed with air. The extruded structural
member is cooled and shaped by the cooling and shaping station 70, which
may utilize a vacuum to maintain the shape. This station is a tube and
shell heat exchanger which contains an opening of a predetermined cross-
section which forms the structural member into a desired cross- sectional
shape (e.g., circular for marine pilings, rectangular for railroad ties).
The structural member is pulled away from the die and cooling and shaping
station at a controlled rate by a puller, such as a caterpillar type
puller. The rate of the puller is 



controlled to allow sufficient foaming of the plastic mixture and to
prevent deformation of the structural member due to excessive back-
pressure produced in the die. The cutter 90 cuts the structural member at
the desired length when sufficiently cooled. The cutter may include a
radial saw or any well-known cutting apparatus. If pultruded fiberglass
rods or rebar are to be used as reinforcing elements, the system shown in
FIG. 6 may include additional components for forming the pultruded
fiberglass rods    10 prior to feeding them into the dia 60, as shown in
FIG. 8. Forming the pultruded fiberglass rods just prior to introducing
them into the die reduces the space needed for storing the reinforcing
elements and increases efficiency by continuously feeding the reinforcing
elements into the die. As shown in FIG. 8, a fiberglass feeder 100 contains
reels or spindles for feeding individual fibers into a resin bath 110. The
number of reels is variable and one or more spindles are provided for each
reinforcing element to be included in the elongated structural member.
Resin bath 110 includes containers for soaking each of the fiberglass
fibers with a thermoset resin such as polyester or vinyl ester. The soaked
fiberglass fibers 



are then fed into a curing and shaping die 120 which heats and shapes the
fiberglass fibers (preferably two or more fibers for each rod) soaked with
the thermoset resin to form pultrusion cast fiberglass rods. the rods are
then fed into the die 60 and pulled along with the plastic by puller 80
through the die 60 and cooling and shaping station 70. For use as a piling,
the structural member will typically be between about ten to sixteen inches
in diameter and between about thirty to eighty feet in length of continuous
structure. The continuous extrusion method of fabrication allows for
substantially any length of the piling structure to be produced in an
integral fashion. Additionally, the diameter or cross- sectional shape of
the piling can be altered by changing the die (or portions thereof) and
cooling and shaping station. HYPOTHETICAL EXAMPLE The following is a
hypothetical example of a way of practicing the present invention.    The
following components are blended as the thermoplastic mixture: 25 parts (by
weight) LDPE; and 75 parts HDPE. 



A portion of the mixture is fed at about 500 pounds per hour to a hopper of
a 4-1/2 inch diameter extruder. In the hopper, 1.2 parts of Hydrocerol[err]
BIH-40 blowing agent (made by Boehringer Ingelheim) and 2.0 parts of carbon
black (colorant) are added. The mixture is extruded through a lateral
opening of a crosshead die. A portion of the mixture is fed at about fifty
pounds per hour to a hopper of a 1-1/2 inch extruder, where 2.0 parts of
carbon black and 0.8 parts of a UV stabilizer (e.g., Tinuvin 327 from
Ciba-Geigy) are added. The melt from the larger extruder enters the
crosshead die, foams and surrounds eight steel rebar of 1/2 inch diameter,
which are fed in through the rear of the die. The melt from the smaller
extruder enters the die and is extruded about the outer peripheral surface
of the foaming extrudate in a uniform layer about 3/8 inches thick. Water
is introduced through the central mandrel of the die to cool the foamed
extrudate and form a hollow core having a two-inch diameter. The inside
diameter of the die is 13.75 inches so as to form a structural member with
an outside diameter of about thirteen inches after shrinkage of the plastic
during cooling. As the structural member exits the die, it immediately
passes into a shaping and cooling station with an inside diameter of 13.75
inches. The shaping and cooling station is cooled with circulating water
and the inside surface is coated with Teflon[err] to reduce friction. The
shaping and cooling station is twenty- 



four inches in length.    After exiting the cooling and shaping station,
the structural member is passed through a tank of twenty feet in length
where it is supported and cooled by application of water spray. The
extruded profile is then sufficiently cooled to pass through a puller,
constructed from six endless belts, at sixty degrees apart, which grip and
pull the structural member at a constant rate of about 1/3 foot per minute.
After a sufficient length of the structural member is produced, it is cut
to a desired length (e.g., seventy feet) and cooled further by water. The
density of the foamed matrix of the plastic body averages 0.45 grams per
cubic centimeter (two times expansion). Later, the piling is capped on one
end with a flat cap 30 for driving and on the other end with a conical cap
32 to penetrate the earth better during driving, as shown in FIG. 9. It
will be apparent to those skilled in the art that various modifications,
and variations can be made in the elongated structural member of the
present invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover the
modifications and the variations of this invention provided they come
within the scope of the appended claims and their equivalents. 



WHAT IS CLAIMED IS: 1.  An elongated structural member, comprising: a
continuous, extruded plastic body having a central longitudinal axis, first
and second ends, and an outer peripheral surface; and a plurality of
reinforcing elements disposed within the plastic body in positions
substantially parallel to the centre longitudinal axis of the plastic body.
2.   The structural member of claim 1, wherein the plastic body is composed
of a mixture of high density polyethylene, low density polyethylene and
polypropylene. 3.  The structural member of claim 2, wherein the mixture
further includes at least one of a filler and a foaming agent. 4.  The
structural member of claim 1, wherein the plastic body is composed of about
25% by weight low density polyethylene, and about 75% by weight high
density polyethylene. 5.  The structural member of claim 2, wherein the
mixture includes at least one of a colorant,  a fungicide, an antioxidant,
a compatibilizer, and a UV protectant. 6.  The structural member of claim
1, including a skin layer on the outer peripheral surface of the plastic
body. 



7.  The structural member of claim 6,  wherein the skin layer is composed
of an extruded, unfoamed plastic. 8.  The structural member of claim 7,
wherein the plastic skin layer includes at least one of a colorant, a
fungicide, an antioxidant, a compatibilizer, and a UV protectant.    9.
The structural member of claim 1, wherein the plurality of reinforcing
elements are substantially coextensive with the plastic body. 10. The
structural member of claim 1, wherein the reinforcing elements have a
substantially circular cross-section. 11. The structural member of claim 1,
wherein the plurality of reinforcing elements include rebar. 12.  The
structural member of claim 1, wherein the plurality of reinforcing elements
include steel rods. 13. The structural member of claim 1, wherein the
plurality of reinforcing elements include pultruded fiberglass rods. 14.
The structural member of claim 1, wherein the plurality of reinforcing
elements include steel rods having a corrosion-resistant coating. 15. The
structural member of claim 1, wherein at least four reinforcing elements
are disposed within the plastic body. 



16. The structural member of claim 1, wherein the plurality of reinforcing
elements are arranged concentrically around the central longitudinal axis
of the plastic body. 17. The structural member of claim 1, wherein the
plurality of reinforcing elements are arranged concentrically around the
central longitudinal axis of the plastic body and are located at least one
inch from the outer peripheral surface of the plastic body.    15 18. The
structural member of claim 1, including caps disposed on each of the first
and second radial ends of the plastic body. 19. The structural member of
claim 18, wherein one of the caps is conically shaped. 20. The structural
member of claim 1, wherein the plastic body includes a central longitudinal
bore. 21. The structural member of claim 1, wherein the plastic body
includes a central longitudinal pipe. 22. The structural member of claim 1,
wherein the density of the plastic body is substantially uniform along the
longitudinal axis of the plastic body. 23. The structural member of claim
1, wherein the 



density of the plastic body varies in a direction transverse to the central
longitudinal axis of the plastic body. 24. The structural member of claim
1, wherein the density of the plastic body increases from the central
longitudinal axis to the outer peripheral surface of the plastic body in a
direction transverse to the longitudinal axis of the plastic body. 25. The
structural member of claim 1, wherein the density of the plastic body is
substantially uniform along the longitudinal axis of the plastic body but
varies in a direction transverse to the longitudinal axis of the plastic
body. 26. A method of making an elongated structural member, comprising the
steps of: continuously extruding a molten plastic into a die;    feeding a
plurality of reinforcing elements into the die so that the reinforcing
elements are substantially parallel to a longitudinal axis of the die,
wherein the molten plastic entering the die surrounds and bonds to the
plurality of reinforcing elements; and cooling the molten plastic so that
the molten plastic and the plurality of reinforcing elements are formed
into a structural member having a predetermined cross-section. 



27. The method of claim 26, including cutting the structural member after
an elongated structural member of a predetermined length has been formed.
28. The method of claim 27, including capping the ends of the structural
member with protective covers. 29. The method of claim 26, including
extruding an unfoamed skin layer on an outer surface of the structural
member. 30. The method of claim 26, including pulling the plastic
structural member from the die at a constant rate after cooling. 31. The
method of claim 26, including forming a central bore in the structural
member by injecting air through a central mandrel of the die into the
molten plastic. 32. The method of claim 26, including forming a central
bore in the structural member by circulating a cooling fluid through a
hollow central mandrel of the die, the cooled central mandrel shaping and
cooling the plastic surrounding the central mandrel. 33. The method of
claim 26, wherein the reinforcing elements fed into the die are fiberglass
rods.    34. The method of claim 33, including forming the fiberglass rods
from fiberglass fibers prior to feeding the 



fiberglass rods into the die, wherein the feeding step includes pulling the
fiberglass rods into the die by pulling the cooled plastic structural
member from the die. 35. The method of claim 34, wherein the forming step
includes feeding a plurality of fiberglass fibers into a resin bath to soak
the plurality of fibers with a resin and curing and shaping the soaked
fiberglass fibers to form fiberglass rods. 36. A method of making an
elongated structural member with a die having a longitudinal axis, an
opening substantially transverse to the longitudinal axis, a plurality of
openings parallel to the longitudinal axis, and a hollow central mandrel,
comprising the steps of: continuously extruding a molten plastic into the
transverse opening of the die; feeding a reinforcing element through each
parallel opening of the die, wherein the molten plastic surrounds and bonds
to the reinforcing elements; and shaping and cooling the molten plastic
with a heat exchanger so that the molten plastic and the plurality of
reinforcing elements are formed into a structural member having a
predetermined cross-section. 37. The method of claim 36, including forming
a central bore in the structural member by circulating a cooling fluid
through the hollow central mandrel of the die, the cooled central mandrel
shaping and cooling the plastic surrounding the 



central mandrel. 38. The method of claim 36, wherein the reinforcing
elements fed into the die are fiberglass rods.    39. The method of claim
38, including forming the fiberglass rods from fiberglass fibers prior to
feeding the fiberglass rods into the die, wherein the feeding step includes
pulling the fiberglass rods into the die by pulling the cooled plastic
structural member from the die. 40. The method of claim 39, wherein the
forming step includes feeding a plurality of fiberglass fibers into a resin
bath to soak the plurality of fibers with a resin and curing and shaping
the soaked fiberglass fibers to form fiberglass rods. 41. A system for
making an elongated structural member, comprising: a die having a
longitudinal axis, an opening substantially transverse to the longitudinal
axis, and a plurality of openings parallel to the longitudinal axis; means
for continuously extruding a molten plastic into the transverse opening of
the die; means for feeding a reinforcing element through each parallel
opening of the die, wherein the molten plastic surrounds and bonds to each
reinforcing element; and 



means for shaping and cooling the molten plastic so that the molten plastic
and the reinforcing element are formed into a structural member having a
predetermined cross-section. 42. The system of claim 41, wherein the die
includes a hollow central mandrel extending throughout the length of the
die and substantially throughout the length of the shaping and cooling
means for forming a central bore in the structural member.    43. The
system of claim 42, including means for circulating a cooling fluid through
the hollow central mandrel to cool the plastic surrounding the central
mandrel. 44. The system of claim 41, wherein the reinforcing elements fed
into the die are fiberglass rods. 45. The system of claim 41, including
means for forming the fiberglass rods from fiberglass fibers prior to
feeding the fiberglass rods into the die, wherein the feeding means
includes a puller for pulling the fiberglass rods into the die and pulling
the cooled plastic structural member from the die. 46. The system of claim
41, wherein the forming means includes a resin bath for soaking the
plurality of fibers with a resin and a die for curing and shaping the
soaked fiberglass 



fibers to form fiberglass rods. 47. An elongated structural member having a
continuous, extruded plastic body including a central longitudinal axis,
first and second ends, and an outer peripheral surface, and a plurality of
reinforcing elements disposed within the plastic body in positions
substantially parallel to the central longitudinal axis of the plastic
body, made by a process comprising the steps of: continuously extruding a
molten plastic into a die; feeding the reinforcing elements into the die so
that the reinforcing elements are substantially parallel to a longitudinal
axis of the die, wherein the molten plastic entering the die surrounds and
bonds to the reinforcing elements; and cooling the molten plastic so that
the molten plastic and the reinforcing elements are formed into a
structural member having a predetermined cross-section.    


