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ELONGATED STRUCTURAL MEMBER AND METHOD AND APPARATUS FOR MAKI NG SAMVE
BACKGROUND OF THE I NVENTION A, Field of the Invention The present
“invention generally relates to el ongated structural nenbers, and

particularly rel ates tELENGATEDcSTRUCTURALAMEMBRRe ANDS METHODe f or use as
marine pilings. B. Di scusﬁﬂnﬁ%ﬂﬁugebageﬂg{é&gﬁ Téﬁﬁ' i onal marine
pilings are nmade of steel, X : oncrete are very
heavy and expensive and do not have desired resiliency for fendering
applications. Steel is espegh@kbNoBNBI 66! THE TRAPENTSON OSion in a marine
environment. Wod suffers fromraplid eroston and s subject to attack by
mari ne boring animals which deplete its effectiveness. In order to prolong
its useful life,. womd i srigbdcaf! ¥hbr eavedtWbhh a preservative, such as
creosote. However, creosote and ot her preservatives are detrinental to the
environment. Furthernore, given the recent efforts for preservation of
forests, the use of Theopresénhginvenhiondgenezbldy Peliates rmdeloshgatastic
have beeryrppasesh EOkn&XaTPARS baSesBahaplyNoo13:a5L 283 1khAYakak an

di scl oses a structura er suita r use as_a plfastic piling.

astic me
A st eel pﬁiya!%u%lsiwageasmuétable £AY veat a8 WPFAREhPiAdPIISsti c resins,
fillers, and additives. The plastic is cooled and the resultant plastic
nmenber is then rengged fromthe,

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 prolorny 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
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manuf act urer nust either construct nolds of varying sizes, which is very
expensive, or use a single nold to produce pilings of a certain |Iength and
di anet er and join nultiple pilings longitudinally to achieve the desired
| engt h.arddejoir mhlaipbedpdlingsi Iohgithdinaldiyh tef axhdidvendtivdiddsinsed be
pr oduc L, T@ﬁ plastic in the nold nust be in a fl owabl e state throughout

t he entlr%gp ocess of filling the nold. The flowabl e state becones
difficult to maintain as the length and size of the structure is increased.

Addi tional l'y, thepadhggie0RO0h MBEaPhashl 4 ik tishend Aergtrlidd iL Y L1 iy
control ip such an oggratlon wher e l.astic nelt is |ntro§§$eﬁ at one

the pl, I
end of W-ePofigli B8 REPduSEd-r edtier 8&a§§1§’t ik the medddiugt R hide at
t he oppbbowabtadstabieChirdpuighdutaithy ehtlicespricvescef Bilind tlse mdldyved

T I R NPT e

Becauseanfiesigagoli bhet strmetire is lincreaged: niidditionally, 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



size, the structure disclosed in Borzakian nust be connected to other such
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; 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
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description € fo omﬁng €sCription are exenpla
explanatory and are intended to provide further expl anati on of the

invention as claimed. pig¢ 3C§QNRANBhEILHEINRTISeRES ONAY! vieh (0F RiHi de a
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. 30

FIG. 5 is a cross-sectional view of another embodiment
of the elongated structural member of the present invention.

FI1G. 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.



further understanding of the invention and are incorporated in and
constitute a part of this specification, Hllustrate several enbodi nents of
The invention and together with the description serve to explain the
principles of the invention. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
cross-sectional view of an enbodi nent of an el ongated structural nenber of
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' is suitable for many uses, such as marine pilings, telephone
poles, railrocad 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 -ensity polyethylene (HDPE), low density
polyethylene (LDPF;, linear low density polyethylene (LLDPE},
polypropylene (Pl'}, or thermoplastic polyester (PET). Virgin and
recycled theriioplastic resins can be used. Recycled
thermoplastic resins are preferable because of their
availabiiity, low cost, and performance. Such recycled
therr :plasti resins are available from both post-consumer and
pr i-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, UV protectors, fungicides and compatibilizers.



FIG 8 is a diagramof a sub-system for form ng and feeding reinforcing
elenefits to the systemof FIG 6. FIG 9 hg a side view of an el ongated
structural menber of the present inventio 5 DETAI LED DESCRI PTI‘ON An

el ongated structural nmenber of the present invention includes a
continuously extruded plastic body having one or nore reinforcing elenents
di sposed within the plastic body. The structure is produced continuously by
extruding a nolten plastic about the reinforcing el enents and cool i ng and

shapi ng the plastic Fﬂllo_eh:beaiésl pred eI Qﬂﬂle‘i! i» t-ﬁehe 2 é‘s%@ﬂ% havelk i 08
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referring aﬁnggﬁuna §a§e%5 el ongated structural nenber 10 includes a
pl astic body 12 and has
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™ from 3M).

For optimum corrosion resistance and metal-free (e.q.,
non-magnetic) construction, pultruded fiberglass rods or rebar



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
conposed of suitable thernoplastic resinz, such as high density

pol yet hyl ene (HDPE), |ow density pol yethylene (LDPE), linear |ow density
pol yet hyl ene (LLDPE), pol ypropylene (PP), or thernoplastic polyester
(PET). Virgin and recycled thernoplastic resins can be used. Recycled
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scraps, d&tFuprryl papmber. The reinforcing e.. -ments are preferably
placed at least one inch from the outer surface of the structure
to be reasonably safe from potential exposure to environme:tal
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 layecr 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
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construction, pu reb
illustrated as a cros ead 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
ﬁandrel 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.



can be used. dass fibers are pultrusion cast continuously in a matrix of a
t hér moset resin such as pol yester or vinyl ester. The reinforcing el enents
24 are placed in the plastic body at | &ations where they will contribute
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plastic near the portion of the mandrel extending into the

cooling and shaping station 70. The mandrel is also preferably

coated with Teflon™ 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 catérpillar 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
additlonal components for forming the pultruded fiberglass rods



skin fayer 22 fornmed on the outer peripheral surface 20 of the plastic
body. The skindayer is preferably conposed of an unfoamed plastic matrix
whi ch provides a structural, protective iibn and allows the plastic body to
be foanmed to | ower densities than if the npl ete structure was foaned. The
matrix of the skin layer also preferably includes additives such as W
protectors, antioxidants and fungicides making it unnecessary to include
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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 r&d) soaked with thé thermoset resin to form pultrusion cast
fiberglass rods. The rofls are then fed into the die 60 and
pulled along with Xhe plhstic 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.



hol | gw central~ mandrel 62, a lateral opening 64 coupled to the ‘extrudér 50,
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recei ving and supporting the reinforcing elenents 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
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uni f or m panesy exf Hydingcdisl™t G40 Bldwing Ssagént hemadé Uy UBBehringer
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™
to reduce friction. The shaping and cooling station is twenty-
four inches in length.



9 The'central mandrel allows the center of the structural nenber to remain
4ol low. Air can be introduced to the insj@e of the structural nenber
through the central mandrel for better cooling and for shape retention. The
central mandrel preferably extends throughout the |length of the die and the
cool ing and shapi ng station in a tapered fashi on as shown in FIG 7, to

facilitate the formation qf the central, bore. centr al ndrel y then
formthe central Ty PXA iy éﬁi%d"“??]tﬁrtg and, %&am%r staF528n Fﬂaet pi pe
72 and euthet:um'aﬂe mednbied: Q@Ipdmd)ltﬂﬁtomgmwrtaxﬁe abrtventyf féat imndr el

ext end 0 ca | i,n n a T
p)r(eferliggyg%%la lI:'é Isalll %eot*o rea&; o%?lﬁgﬁﬁgs’ %gsggég
pl ast i c sSPEAYot uﬂgzwmnrmtedjmlla duhcther %teﬁh%ie%he ¢paked §PnPF&F

structugg \é:}ﬁ% anﬂ%f a'c&fy@rdaséa?df%xa hs:%k rena'hesgxnaéyeggi &L Ysiuyal
menber i.s coo

ed and shaped by the cpoli ation 70, which
may uti BESEees, ARARR 4 FHGh P t‘?‘f&isﬂ‘fé@g ﬁﬁl §t’§ %"E'g’c")?\ |’§e‘ﬁﬂ?ﬁb§taﬁd
shel | hesnstatitangitie bE Ca{bdiwtr)}mewt Wmtt@mtea pnéﬂei:eam;uéﬂz.cﬂ.eas-
sect i on whi f th struct rrber |nto [ gd. cr ectional
shape (&S89 (%H"c O?fé?h‘f e%"? ?'1{%@ r’é?% ‘? l? sr%‘f‘?ro%dgtles)
The str deisu.rmld Meariarrh i (e gl | exbvewly ffmx hmdheoaheldcﬁurthgrahm whipitng
ZE a 'egn o AUy ﬁ%ﬁétfo&e(e& RALLEE o Uie 351 85 €8L CHBAY! Bheb4BESs
.45 grams per cub:Lc 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.



contrplIedﬂfo—allow'sufficient foam ng of the plastic mxture-and to
prevent def

tructural rrgg due to excessive back-
pressure p mga uﬂ m . The cutter cuts the structural nenber at
nss

t he desire
saw or any wel|l-known cutting apparatus. |f pultruded fibergl ass
r GRAY ) e d as reinforcing el enents, the system shown in

radi al
rods or

|C|ently cool ed. The cutter may include a

conponents for formng the pultruded

fiberglass rods 10 prior to feeding thenllnto the dia 60, as shown in
FIG 8. Formng the pultr de f|b lor to introducing
theminto the die réduce g éauﬁa ?@#ﬁftrﬁ??%Fh?b?ﬁrng

el enents and i ncreases eff|C|ency by contlnuously feeding the reinforcing

?Lgrgnzf ;Bfgdfgg ?gf féga'ng |Hd|vﬁf§qé§ é%é%éﬁag%ﬁgfﬁggfgﬁ %09ﬁ§893$lns

nunber

of 1pagidvudingds amiise FHirsdnans sesand mEnds cand aprovtervdpévipbacal

rei nforci gar@aR@Bntan@ be included in the elongated structural menber.
Resin bath 110 includes containers for soaki ng each of the fiberglass
fibers wth a thernoset resin such as polyester or vinyl ester. The soaked
fiberglass fibers a plurality of reinforcing elements disposed within the

plastic body in positions substantially parallel to the cent:r .
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 ‘:ast one of a colorant, a fungicide, an
antioxidant, a compa.ibilizer, 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 st;uctural 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.



are then fed into a curing and shap |n die 120 which heats and shapes the
fi-ber gl ass flbelﬂl“ﬂ“u Eﬂ“tLﬂ“o more fibers for each rod) soaked with
the t her noset rusion cpgf fiberglass rods. the rods are
then fed into thd dfe b0 and puIIed along with the plastic by puller 80

t hrough the die 60 and cooling and shaping station 70. For use as a piling,
the structural nmenber wll typically be between about ten to sixteen inches
in diameter and between about thirty to eighty feet in | ength of continuous
structure. The contignuousrhexigtitictnral kel fodrd1Gain on, WhEYEih Othe

bst ant th.,of th I t t b
nteoral PRUERITEYARE FRIREORT L, e TRhe L xR LY e S iRty

the pilingitanthe ghhsmdd bpdqhang|ng the die (or portlons t hereof) and
cool ing and shaping station. HYPOTHETI CAL EXAMPLE The following is a

hypot heti cal exanple of a way of practicing the present invention. The
fol | owi ng conponent §°are'1‘élleer$d:éﬂl<3¥sut4¥emﬁwg?% ésﬁlﬂ-:lmn' 1t wherein pbhes (py

vei ght) LPBEnfareihy RAlementd 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.



A portion of the mxture is fed at about 500 pounds per hour to a hopper of
a-4-1/2 m\(““ﬂl'ﬁﬂﬁ“lﬂ"ﬁlﬂ'umder In the hor r, 1.2 parts of Hydrocerol[err]
Bl H 40 bl oid by Boehri nger ﬁgelhein) and 2.0 parts of carbon
bl ack (col oranf) &re®added. The mixture is extruded through a | ateral

opening of a crosshead die. A portion of the mxture is fed at about fifty

pounds per hour to hop - ' udar., er 398 ﬁﬁ[ S
carbon bl ack and O. gabar?g‘éogggﬁﬁi\}?g?g'b#@ﬁggrgx%g %i,a | ndvi%'n r%rﬁ:&f’s
G ba- Gei g§3spesedddadeatheofiethef fdrsthentdasgeond madial ends ©f Hihe
crossheadpfh &t i&0BBAyaNd surrounds eight steel rebar of 1/2 inch dianeter,
which are fed in through the rear of the die. The nelt fromthe smaller
extruder enters the die and is extruded about the outer peripheral surface
of the foam ng extrudateThs stuictarall mgmbesboft claln N ewhddein obe evf
s intro d okgh r drel of the die to cool the foaned
extrudatgegﬁdc+€%n¥g ﬁéﬁ?8§ﬁ2&r§hﬁ§§?ﬁg a two-inch dianeter. The inside
diameter of the die is 13.75 inches so as to forma structural menber with
an outside dianeter,gf abgut siRLELGEE1 ReRBerabie | nka g astic
during coolingi As the,stgucfu?aF ﬁgn%ergggifs tth%Pg!thq?ﬁ%%E%gﬁgﬁé
passes i PRSCiFaBPAY dngludesi agceniradnlenghtadinad korg.ameter of 13. 75
i nches. The shaping and cooling station is cooled with circul ati ng water
and the inside surface is,coated with _Teflon[err] to,reduce frictiaon. The
shapi ng and coolingggtat?hﬁ BLIpGERrel memgeL 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;



four khches;y ter exiting the cooling and shaping station,
t.he structu Li !l”l“(!lp‘msed t hr ough 4 Bank of twenty feet in length
where it is suppontes amd €ool ed by application of water spray. The
extruded profile is then sufficiently cooled to pass through a puller,
constructed fromsix endless belts, at sixty degrees apart, which grip and
pull the structural_ nepber at a constant _rate of apout 1/3 foot ute.

After a sufficient §e8R%80 A RPHEFakIti(9f FehpbpEring pienants, 1RF°|§
to a desidied dengidt (tthd). re BEFGFE ind e@lém@xmds capé edufwtaheiamyv\@hean&e

density Qf f oa X of t tlc ave a er
cubi ¢ ce%?nﬁﬂ 9“%{§ﬁé%ﬁﬁtsa%&%d%€ 3 %té?ge¥ﬁ% fﬁgnﬁog§e8a§88n§&§ one
end wit heaxtfdratng:a}hami@rsw:rwmgsaanﬁdmh@e bohtheepliuwalhty oéni cal cap
32 to penpgly uring driving, as shown in FIG 9. It

w il be appéﬁ%ﬁ?ggé? ose é$§1l edgln the art that various nodifications,
and variations can be nade in the elongated structural nenber of the

present invention Vi d dIoLK d@&@rﬁéngeﬁr éhfcsebrtaaertﬁeoml%nt @.ast:x.c
i nvention. is, jntended t sent i nvention ver

md.f.caﬁ% Li%cf?]t‘ﬁéa]v’a?l(a‘? oﬁ%‘- m»%g.ﬁ enenbs ﬁFSvifﬂé'B héyteoﬁe
W thin tstmrsperaf mdmbew pdeavitgy ca predevernired efiossakentdion.

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.



WHAT |-S CLAI MED IS 1. An el ongated structural nenber, conprising: a
continu tic body havidd a central |ongitudinal axis, first
and secmmuﬁw[nﬂﬁﬂum muter peri pheral surface; and a plurality of

rei nforcihg %l éneft ssdisposed within the plastic body in positions
substantially parallel to the centre |ongitudinal axis of the plastic body.

2. The structur ne cl.ai mher |n .t h .astic bad conposed

of a m xture of hlgé]h dgﬁ WLBSPyngnhﬁll dwlagig% &CM t%é and

pol ypr obijpenglag8s rdads fromcfmhargmasbetlbbrsl@mmn% twhémad1ﬁdm£haxture

furtherg a n f fi dy ok
structuri$&%gg§§sa£?hg ihﬁ?lgh%the bb&&eﬂﬂa c bo Q%%%%gég; 3P§3bout
25% by Rillheg| thedBhberglpssysods| anso &h@ daeub y7

dens'tYpP&J;Mféh¥£§ﬂ§tu§al EQﬁbéEr #ebh ghemazlaer of claim 2 Wherel n the
m xture includes at | east one of a colorant, a fungicide, an antioxidant,

a conpatibilizer, and a UV protectant. 6. The structural member of claim
1, including a skBp.l ayhe fathba ofit elapay i3ghekdlertinf atee Formithd|Ssdp C
body. 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 in:o 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.



7. TWé structural nenber of cIa|n16 wherein the skin layer is conposed
of an ext rumm“mimnIHast ic. 8 The structural menber of claim?7,
wherein th yer |ncludes1q3 | east one of a colorant; a
fungi ci de, &n &nt'ioXi ddnt” a conpatibilizer, and a UV protectant. 9
The structural nenber of clain11, wherein the plurality of reinforcing

el ements are substantially coextensive with the plastic body. 10. The
structural menber of claim1l, wherein the reinforcing el enments have a

substantial |y of rculgy, onfiss feokédios M1alhoss] HGLILALpIRRAERIAL Ehal m L

wherein the plurality of reinforcin | ements 1 nclude re
st r uct ur afiReREASH EQQﬁrﬁqpmvﬁk#%#Gﬂ%ﬁ% bibexs ipyier F@lﬁ?éﬁépﬂgtéﬁenents

Ilncl u?ie Stﬂ@ieﬂéldfss Irbddl h.ﬁhﬁé H%&fé Ldﬁila drwml@ftséafa%am Qt&pnéhbiudes
pl ura |ty rein ci nts include p i berglass, ods

The' ot r uo iR e EfbSralaia rodk, i £F by BROTARE; Hhe; epaged
el enent s pmdsnﬁcsgtxﬁctuxhifmamh@raframrthecﬁm695|stant coating. :15. The

structural menber of claiml1l, wherein at |east four reinforcing el enents

are disposed within the plastic body.
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.

4l1. 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.



16. The stru claim1l, wherein the plurality of reinforcing
elsenents ar eTB“!ﬁguwmtEBH” cally around the central |ongitudinal axis
of the plastie bedyL .'sThe structurall 9enber of claim1, wherein the
plurality of reinforcing el enents are arranged concentrically around the
central longitudinal axis of the plastic body and are | ocated at | east one

i nch fromthe outqg?per' her al sur%gce of the p]astic, body. 15 18. The
structural nember bi* cl e SYSteR | Qb St A2 di sepkeding Beansoforhe fir st
and secwidoulditingaiscodlime filwid i chboskh Ye HOEL6Wdehtral HEABLE1O0to

claim 1§, ' H]V\it . oni cal | haped. 20. The structural
rreﬁ'gber ofo%#girl% % eJ(r')%i%Jﬁ(g&g%a‘gi%h%o%ﬁ}“f%%ftfﬂgggﬁeiem ral | ongitudi nal
bore. 21. The structural nenber of claim1, wherein the plastic body

i ncl udes a centralgd ongg | | HE- e 1, im1,
wherein the d nsij4 of glt'l?\éledé a?‘ipc&%o%fﬁ ‘gﬁbigﬁégﬁs%hgﬁ%g#ﬁ%?gﬁg t he
| ongi t ufieie %"} e p‘F‘E%t ‘e R fiherglass i ¥e@8ural menber- of claim

1, wherein the
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.



density of the plastic body varies in a direction transverse to the central
| ongi tudi nal axis of the plastic body. 24. The structural nmenber of claim
1, wherein the density of the plastic body increases fromthe central

| ongi tudi nal axis to the outer peripheral, surface of the plastic body in a
direction transverse to the | ongitudinal"axis of the plastic body. 25. The
structural nenber of claim1, wherei %Wsity of the plastic body is

substantially uniform al ong the | ongi axis of the plastic body but

varies in a di rectigﬂqﬂ@p vers%éf ~t:he longitudinal axis of the plastic
body. 26. A nethod ST M QN%MWQQ‘?NPOWH sing the
steps of: continuously extruéipﬁénef‘ F%WGéWO a die; feeding a
plurality of reinforcing elenents into the die so that the reinforcing

el enents are substantially parallel to a |longitudinal axis of the die,
wherein the nolten plastic entering the die surrounds and bonds to the
plurality of rei rmelengated strushas member(10) suitableifer ustias ayparing piling ineluides so t hat
the nolten plastic and the plurality of reinforcing elenents are forned
into a struct ur ala epatiyons, extnidedyplastip bedydl2) havng aebar 24 sdisposediwithin the

plastic body and extending in the lengthwise direction of the structural member,
The structural member is formed by continuously extruding a molten plastic into a

die so that the molten plastic surrounds and bonds to rebar fed into the die.

Fig. 1



27. The nmethod of claim 26, including cutting the structural nenber after
an el ongated structural nenber of a predefgt®ined | ength has been forned.
28. The nmethod of claim 27, including capping the ends of the structural
menber with protective covers. 29. The nethod of claim 26, including
extrudi ng an unfoaned skin | ayer on an outer surface of the structural
menber. 30. The nethod of claim 26, inecluding pulling the plastic
structural nmenber fromthe die at a constant rate after cooling. 31. The
met hod of claim 26, including formng a central bore in the structural
menber by injecting air through a central nmandrel of the die into the
nolten plastic. 32. The nethod of claim 26,;inclyuding formng a central
bore in the structural nmenber by circulatijg a €ooling fluid through a
hol | ow central .mandrel of the die, the coolled central mandrel shaping and
pRdrel . 33. The nethod of

Rd\ "\ the die are fibergl ass

Qg the fiberglass rods
@
26

cooling the plastic surrounding the cep
claim 26, wherein the rei Cci ng elEn
r ods. 34. The nethod of clgi m 2% ~

fromfiberglass fibers prior
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fiberglass rods into the die, wherein the feeding step includes pulling the
fiberglass rods into the die by pulling t29/§ool ed plastic structural
menber fromthe die. 35. The nethod of claim34, wherein the form ng step
includes feeding a plurality of fiberglass fibers into a resin bath to soak
the plurality of fibers with a resin and curing and shapi ng the soaked
fiberglass fibers to formfiberglass rods. 36. A nethod of naking an

el ongated structural nenber with a die having a |ongitudinal axis, an
openi ng substantially transverse to the longitudinal axis, a plurality of
openings parallel to the longitudinal axis, and a hollow central mandrel,
conprising the steps of: continuously ext ' nolten plastic into the
transverse opening of the die; feeding a rjeinforcing el ement through each
paral | el opening of the e wherein the nplten plastic surrounds and bonds
to the reinforcing el ene a ey
with a heat exchanger so th
reinforcing elenents are for
predet er mi ned cross-section.
a central bore in the struct
t hrough the hol |l ow central
shapi ng and cooling the plas‘

‘g the plurality of
3 havi ng a
i_ncl udi ng form ng
ling fluid
central mandre
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central mandrel. 38. The nethod of - claim36, wherein the reinfarcing
el.enents fed into the die are fibergl ass Eﬁﬁg%] 39. The nethod of claim
38, including form ng the fiberglass rods>-% 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 nmenber fromthe die. 40. The nethod of claim 39, wherein the
formng step includes feeding a plurality of fiberglass fibers into a resin
bath to soak the plurality of fibers with a resin and curing and shapi ng

t he soaked fiberglass fibers to fq‘fv BE-ELTPS, rods. 41. A systemfor
maki ng an el ongat ed shéuctural Pt \ S Gu‘ a die having a

| ongi tudi nal axis, an ni ng A ' ] ang%ex.se to the | ongitudinal
axis, and a plurality of /1 D b\ N€Ngi t udi nal axis; neans

for continuously extruding
the die; nmeans for feeding A
openi ng of the die, wherei
reinforcing elenment; and

jh2each parall el
S gﬁd bonds to each

24 95
{— ,__S_ﬁ

60 | 710
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ans for shaping and cooling the nmolten plastic so that the nolten plastic
and the reinforcing el ement are formed int 5tructural menber having a
predet erm ned cross-section. 42. The systemof claim41l, wherein the die
i ncl udes a hollow central mandrel extending throughout the I ength of the
di e and substantially throughout the I ength of the shaping and cooling
nmeans for formng a central bore in thgastructural nenber. 43. The

system of claim42, inclyding peans:-f-orycirculating a cooling fluid through
: centra

the hollow central nandr¢l tojg¢ool the, RTGASTCTSOM
mandrel. 44. The system d 'tAe]relnfo | enrents fed
into the die are fibergl iiss ri¢ s ~tin1of cla ,}including
means for formng the fi flijber gl a s’f rior to
feeding the fiberglass r yger im the'lf means '
I ncludes a puller for pu $HNr odg iint e dife and pylling
the cool ed plastic struc 14 Fi . |46! e system of ai m
41, wherein the formng edifnf bpt K f ri oakijng t he
plurality of fibers wth o, © ring epj shgping the ,
soaked fibergl ass N , , | H
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prg?éwto formfiberglass rods. -47. An el ongated structural nenber having a
conti nuous, extruded plastic body includingfglgpntral | ongi t udi nal axi s,
first and second ends, and an outer peripheral surface, and a plurality of
reinforcing elenments disposed within the plastic body in positions
substantially parallel-to the central |ongitudinal axis of the plastic
body, made by a process conprising the steps of: continuously extruding a
nolten plastic into a die; feeding the reinforcing elenents into the die so
that the reinforcing elenents are substantially parallel to a |Iongitudinal
axis of the die, wherein the nolten plastic entering the die surrounds and
bonds to the reinforcing elenents; and cooling the nolten plastic so that
the nolten plastic and the reinforcing elenments are forned into a '

structural nenber having a predeterm ned cross-section.
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