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PILE CASING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of European
patent application EP 13 186 089.2 entitled “Bahnschwelle”
filed with the European Patent Office on Sep. 26, 2013 as well
as the benefit of international application No. PCT/EP2013/
077966 entitled “STRUCTURAL COMPONENT” filed with
the European Patent Office under the PCT on Dec. 24, 2013,
the entire disclosures of which are herein expressly incorpo-
rated by reference.

BACKGROUND OF THE DISCLOSURE

[0002] 1. Field of the Disclosure

[0003] The present invention relates to a pile casing, to a
pile comprising a pile casing, to apparatuses and methods for
manufacture thereof and to a use of a pile casing to construct
apile.

[0004] 2. Description of the Related Art

[0005] Piles are known to the prior art for a large variety of
uses. Such uses include, inter alia, shoring up the perimeters
of construction sites, protecting coastal land, coastal build-
ings and other coastal/marine structures and providing a
stable foundation in loose soil. As such, piles known to the
prior art in a large variety of forms including, inter alia,
wooden posts, concrete posts and corrugated steel sheets.
[0006] The piles known to the prior art offer a wide range of
characteristics in terms of strength, durability, recyclability/
disposability, ease of manufacture, material cost, etc. There
nonetheless remains room for improvement.

[0007] The present disclosure expounds upon this back-
ground.

SUMMARY OF THE PRESENT DISCLOSURE

[0008] The aim of the present summary is to facilitate
understanding of the present disclosure. The summary thus
presents concepts and features of the present disclosure in a
more simplified form and in looser terms than the detailed
description below and should not be taken as limiting other
portions of the present disclosure.

[0009] Loosely speaking, the present disclosure teaches a
pilecasing that serves as a form for manufacturing a pile. This
not only allows a substantial percentage of the pile to be
formed of any of a wide variety of materials such as sand or
demolition rubble, but also allows manufacture of the pile to
be completed at any of a variety of locations. Specifically,
manufacture of the pile may be completed off-site (i.e. at a
location remote from the location where the pile will ulti-
mately be used, e.g. be driven into the ground), on-site (i.e. at
a location proximate to where the pile is actually used), or
even in situ (e.g. after the pile casing has been driven into the
ground).

[0010] The pile casing can be manufactured inexpensively
by extrusion using inexpensive materials such as recycled
plastic.

[0011] The pile casing loosely described above can be
embodied in the form of a pile casing comprising a hollow
that extends through an entire length of the pile casing,
wherein the pile casing is manufactured of a first material
selected from the group consisting of a polymer material and
a composite material comprising a polymer material and at
least one of glass fibers, carbon fibers, steel fibers and wood.
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[0012] Other objects, advantages and embodiments of the
present disclosure will become apparent from the detailed
description below, especially when considered in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The Figures show:

[0014] FIG. 1A to 1C a schematic cross-section through an
embodiment of a pile in accordance with the present disclo-
sure, respectively;

[0015] FIG.2A to 2D a schematic depiction of a method of
manufacturing a pile in accordance with the present disclo-
sure;

[0016] FIG. 3Ato 3D a schematic cross-section through an
embodiment of a tip portion in accordance with the present
disclosure, respectively;

[0017] FIG. 4A to 4H a schematic cross-section through an
embodiment of a pile casing in accordance with the present
disclosure, respectively;

[0018] FIG.4Jand 4K a schematic cross-section through an
embodiment of a pile casing in accordance with the present
disclosure, respectively;

[0019] FIG. 5A a schematic depiction of a die in accor-
dance with the present disclosure;

[0020] FIG. 5B aschematic depiction of an extruding appa-
ratus in accordance with the present disclosure;

[0021] FIG. 6A to 6C schematic depictions of a pile manu-
facturing apparatus in accordance with the present disclosure;
and

[0022] FIG. 7A to 7D schematic depictions of another pile
manufacturing apparatus in accordance with the present dis-
closure.

DETAILED DESCRIPTION

[0023] The various embodiments of the present disclosure
and of the claimed invention, in terms of both structure and
operation, will be best understood from the following detailed
description, especially when considered in conjunction with
the accompanying drawings.

[0024] Before elucidating the embodiments shown in the
Figures, various embodiments of the present disclosure will
first be described in general terms.

General Description

[0025] As touched upon above, the present disclosure
teaches a pile casing.

[0026] The pile casing may have alength in the range 0of 200
to 1500 cm, e.g. in the range of 500 to 1200 cm. The pile
casing may have a minimal lateral dimension of at least 5 cm,
atleast 10 cm, at least 50 cm or atleast 100 cm. The pile casing
may have a maximal lateral dimension of less than 50 cm, less
than 100 cm, less than 200 cm or less than 400 cm. The term
“lateral dimension” may be understood as a distance between
two parallel lines, each tangent to an exterior surface of the
pile casing and perpendicular to a longitudinal axis of the pile
casing.

[0027] The pile casing may have a (substantially) oval,
circular, rectangular or rounded- rectangular cross-sectional
outline. The cross-sectional outline may be an outline of any
cross-section of the pile casing, e.g. of a cross-section per-
pendicular to a longitudinal axis of the pile casing. (An elu-
cidation of the term “any” is given in the closing paragraphs
of this specification.) The (cross-sectional) outline may be
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defined by an outer circumference of the pile casing. The
cross-sectional outline of the pile casing may be constant
along an entire length of the pile casing.

[0028] The pile casing may comprise at least one rib pro-
vided on an outer and/or inner circumference of the pile
casing. (An elucidation of the expression “at least one” is
given in the closing paragraphs of this specification.) In other
words, the casing may comprise at least one rib provided on
an outer/inner surface of the pile casing. The inner surface of
the pile casing may be a surface formed at an interface of the
hollow and a solid portion of the pile casing. As such, a
(substantially) oval, circular, rectangular or rounded-rectan-
gular cross-sectional outline of the pile casing may be inter-
rupted by at least one rib provided on an outer surface of the
pile casing. Any of the (individual) ribs may extend in a
direction parallel to a longitudinal axis of the pile casing, e.g.
may extend along an entirety of a length of the pile casing.
The ribs (on an outer surface of the pile casing) may be
(substantially) equally distributed along an outer circumfer-
ence of the pile casing. In other words, a spacing between a
respective rib and either adjacent rib (along an outer circum-
ference of the pile casing) may be (substantially) equal for
each of the ribs (on an outer surface of the pile casing).
Similarly, the ribs (on an inner surface of the pile casing) may
be (substantially) equally distributed along an inner circum-
ference of the pile casing. In other words, a spacing between
a respective rib and either adjacent rib (along an inner cir-
cumference of the pile casing) may be (substantially) equal
for each of the ribs (on an inner surface of the pile casing).
Any of the ribs may have a lateral dimension, e.g. in a direc-
tion perpendicular to a longitudinal axis of the pile casing, in
the range of 2% to 20% of a maximal lateral dimension of the
pilecasing. Any of the ribs may have a lateral dimension in the
range of 0.5 to 10 ¢m, e.g. inthe range of 1 to 5 cm. The lateral
dimensional may be measured in a direction radial or tangen-
tial to an outer/inner surface of the pile casing, e.g. at a
location of the respective rib. Any of the ribs may be dimen-
sioned and/or positioned to inhibit a kinking of the pile cas-
ing, e.g. during a driving of the pile casing into the ground.
[0029] The pile casing may comprise a hollow. In the
present disclosure, the term “hollow” may be understood as a
volume devoid of (structural) material. The hollow may
extend through a(n entire) length of the pile casing, i.e. in a
direction parallel to a longitudinal axis of the pile casing. As
such, the pile casing may have a tubular form. The hollow
may form an opening at one or both longitudinal end(s) of the
pile casing, the hollow forming no other openings in the pile
casing.

[0030] The hollow may have a minimum dimension in a
longitudinal direction of the pile casing greater than 50% or
greater than 80% of the length of pile casing. The hollow may
have a maximum dimension in a longitudinal direction of the
pile casing less than 80%, less than 100% or equal to the
length of pile casing.

[0031] As regards the lateral dimensions of the hollow, the
hollow may constitute at least 40%, at least 80% or at least
90% of any lateral dimension of the pile casing. Similarly, the
hollow may constitute less than 60%, less than 80%, less than
90% or less than 95% of any lateral dimension of the pile
casing. Along any lateral dimension of the pile casing, the
hollow may be distanced from an exterior surface of the pile
casing by at least 10%, at least 15% or at least 20% of the
respective lateral dimension. In other words, a (minimum)
thickness of the pile casing as measured along any lateral
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dimension of the pile casing from an outer circumference of
the pile casing to the hollow may be at least 10%, at least 15%
or at least 20% of the respective lateral dimension. The pile
casing may have a (minimum/maximum) thickness (mea-
surede.g. as above) in the range of 3 to 20 cm, e.g. inthe range
of 5t0 10 cm.

[0032] A cross-sectional outline of the hollow (e.g. as
defined by the interface of the hollow and a solid portion of
the pile casing at the respective cross-section) may be (sub-
stantially) oval, circular, rectangular or rounded-rectangular.
(For the sake of legibility, the term “cross-section” is often
used in the present specification in lieu of the bulky expres-
sion “cross-sectional outline of the hollow.”) As touched upon
above, a (substantially) oval, circular, rectangular or rounded-
rectangular cross-section of the hollow may be interrupted by
atleast one rib provided on the inner surface of the pile casing.
More generally speaking, the cross-section of the hollow/an
inner surface of the pile casing may be profiled, i.e. may
comprise both concave and convex vertices, e.g. by compris-
ing ribs, engagement structures or other structures, e.g. as
described hereinbelow. (A non-profiled surface in the sense
of the present disclosure can be visualized as a elastic sheet
stretched over a frame that contacts only one side of the elastic
sheet, whereas formation of a profiled surface requires con-
tacting both sides of the elastic sheet.)

[0033] The cross-sectional outline of the hollow may be a
function of longitudinal position within the pile casing. For
example, any of an angular orientation (relative to the pile
casing), a shape and/or a size of the cross-section may be a
function of longitudinal position (of the respective cross-
section) within the pile casing. For example, the interface of
the pile casing and the hollow may define a helical structure,
e.g. a helical structure that twists in a first circumferential
direction along a first length of the pile casing and that twists
in asecond, opposite circumferential direction along a second
length of the pile casing. In such a case, the cross-section may
be of constant shape and size, an angular orientation of the
cross-section (relative to the pile casing) being a function of
longitudinal position.

[0034] Similarly, as touched upon above, any parameters of
the cross-section may be constant over at least part of the
length of the hollow or over an entire length of the hollow. For
example, all parameters of the cross-section that are not a
function of the longitudinal position, e.g. all others of the
angular orientation, the shape and/or the size of the cross-
section, may (at the same time) be constant (while other
parameters of the cross-section vary as a function of longitu-
dinal position within the pile casing). For example, the hollow
may have a constant cross-sectional shape, i.e. the cross-
section may have a constant shape (and size), along at least a
part of the length of the hollow or along an entire length of the
hollow. In particular, the hollow may have a constant cross-
section, i.e. across-section that does not change, along at least
a part of the length of the hollow or along an entire length of
the hollow.

[0035] The pile casing may comprise at least one engage-
ment structure at an interface with the hollow. For example, a
cross-section of the pile casing that defines the hollow may
define at least one engagement structure. In other words, a
cross-section of the hollow may define at least one engage-
ment structure. The (constant) cross-section may be a cross-
section in a direction orthogonal to a longitudinal axis of the
pile casing and/or of the hollow. Any of the engagement
structures may have a shape that, when engaged with a coun-
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terpart structure of generally counterpart shape, inhibits
motion of the counterpart structure relative to the (respective)
engagement structure (in at least one direction). As such, a
(substantially) oval, circular, rectangular or rounded-rectan-
gular cross-section of the hollow may be interrupted by at
least one engagement structure provided on an inner surface
of the pile casing.

[0036] As touched upon above, the cross-sectional outline
of the hollow may be formed by a (single) closed curve
comprising a plurality of concave vertices and a plurality of
convex vertices. Since the curve cannot cross its own path, the
curve may also be termed a simple closed curve. The curve
may comprise at least one line segment and/or curve seg-
ments (also known as “arcs™). The interface of the pile casing
and the hollow may define a plurality of such cross-sectional
outlines, i.e. may define such a cross-sectional outline at any
cross-section. A concave vertex may be understood as a ver-
tex at which a portion of the pile casing projects farther into
the hollow than adjacent portions of the pile casing, and a
convex vertex may be understood as a vertex at which a
portion of the hollow projects farther into the pile casing than
adjacent portions of the hollow. More specifically, a concave
vertex may be understood as a vertex that forms an interior
(i.e. facing the hollow) angle greater than 180° with an adja-
cent point of the curve on one side of the vertex and with
another adjacent point of the curve on another, opposite side
ofthe vertex. Similarly, a convex vertex may be understood as
a vertex that forms an interior (i.e. facing the hollow) angle
less than 180° with an adjacent point of the curve on one side
of the vertex and with another adjacent point of the curve on
another, opposite side of the vertex. In the context of the
present disclosure, a vertex may be a cusp, e.g. as formed atan
intersection of two line segments, an intersection of two curve
segments or an intersection of a line segment and a curve
segment. Similarly, a vertex may be a point on the curve
where the first derivative of curvature is zero, a convex vertex
being a point where the second derivative of curvature is
either positive or negative, and a concave vertex being a point
where the second derivative of curvature, by the same mea-
sure, is the other of either positive or negative.

[0037] The cross-sectional outline of the hollow may com-
prise at least five, at least ten, at least fifteen or at least twenty
concave vertices. Similarly, the cross-sectional outline of the
hollow may comprise at least five, at least ten, at least fifteen
or at least twenty convex vertices. For example, the cross-
sectional outline of the hollow may have the shape of a
simple, non-convex polygon having at least five, at least ten,
at least fifteen or at least twenty interior angles greater than
180°, The hollow may have a star-shaped cross-section or a
cross-section of a sprocket or spur gear.

[0038] The concave and convex vertices of the cross-sec-
tional outline of the hollow may be arranged such that a first
simple convex polygon can be drawn through a first plurality
of the concave/convex vertices that fully encloses a second
simple convex polygon drawn through a second plurality of
the concave/convex vertices, the first plurality of vertices
being entirely distinct from the second plurality of vertices. In
other words, the intersection of the set of vertices formed by
the first plurality and the set of vertices formed by the second
plurality is an empty set. The first plurality may comprise at
least five, at least ten, at least fifteen or at least twenty vertices.
Similarly, the second plurality may comprise at least five, at
least ten, at least fifteen or at least twenty vertices. The first
plurality may comprise each of the convex vertices. Similarly,
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the second plurality may comprise each of the concave ver-
tices. A minimum distance from the first simple convex poly-
gon to the second simple convex polygon may be greater than
1 cm, greater than 2 cm, or greater than 4 cm.

[0039] Any of the engagement structures may have an
interlocking shape, i.e. a shape that, when engaged with a
counterpart structure of a counterpart shape, inhibits disen-
gagement of the counterpart structure from the (respective)
engagement structure (in at least one direction). For example,
any of the engagement structures may have a shape that, when
engaged with a counterpart structure of a counterpart shape,
inhibits disengagement of the counterpart structure from the
(respective) engagement structure in a radial (inward) direc-
tion of the hollow. In the present context, a radial direction of
the hollow may be understood as a direction orthogonal to a
longitudinal axis of the pile casing and/or of the hollow. In the
present context, an inward direction of the hollow may be
undetstood as a direction toward a central region of the hol-
low, where the term “central region of the hollow” may be
understand as a region of the hollow that is distanced from
each boundary of the hollow, e.g. by 30% of a diameter of the
hollow in the respective direction or by 30% of a minimum
(cross-sectional ) diameter of the hollow. Such a counterpart
structure may be formed by filling the hollow with a material
that solidifies to the shape of the hollow such as concrete. The
interlocking shape may have a generally T- or mushroom-
shaped cross-section. The cross of the “T”/the bulge of the
mushroom may be located more closely to a central region of
the hollow than the stem of the “T”’/the mushroom.

[0040] The pile casing may comprise at least one wall/
crossbar (hereinafter simply “crossbar”) that spans across the
hollow, i.e. that (sub)divides the hollow. The crossbar may
span actoss a chord or a diameter of the hollow. The crossbar
may extend an entire length of the hollow. The crossbar may
have a thickness in the range of 50% to 150% of a thickness
of the pile casing as measured from the hollow to an outer
surface of the pile casing. The crossbar may have a thickness
in the range of 0.5 to 10 cm, e.g. in the range of 1 to 5 cm.

[0041] The pile casing may comprise at least one connect-
ing structure formed in/by an outer surface of the pile casing.
In other words, (a shape of) an outer surface of the pile casing
may define at least one connecting structure. For example, the
pile casing may comprise a first connecting structure and a
second connecting structure, e.g. a first connecting structure
having a first shape and a second connecting structure having
a (substantially) counterpart shape. The first connecting
structure may be of a shape that matingly engages a shape of
the second connecting structure. The second connecting
structure may be provided on a side of the pile casing opposite
the first connecting structure. The first and second connecting
structures may be shaped to allow engagement/disengage-
ment of the first connecting structure of a first pile casing
with/from the second connecting structure of a second pile
casing in a direction parallel to a longitudinal axis of the
first/second pile casing. Similarly, the first and second con-
necting structures may be shaped to inhibit disengagement of
the first connecting structure of a first pile casing from the
second connecting structure of a second pile casing in any
direction lateral to a longitudinal axis of the first/second pile
casing when the first connecting structure of the first pile
casing and the second connecting structure of the second pile
casing are engaged. The connecting structure may have a
generally T- or mushroom-shaped cross-section. For
example, the first connecting structure may be structure of a
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generally T- or mushroom-shaped cross-section that bulges
radially outwardly (i.e. away from the hollow) relative to
adjacent portions of an outer surface of the pile casing. Simi-
larly, the second connecting structure may be structure of a
generally T- or mushroom-shaped cross-section that bulges
radially inwardly (i.e. toward the hollow) relative to adjacent
portions of an outer surface of the pile casing.

[0042] The pile casing may be a unitary structure, i.e. a
single-piece structure, or a multi-piece structure, e.g. a two-
piece or three-piece structure. Mating faces of the individual
pieces of a multi-piece pile casing may comprise at least one
alignment structure, e.g. for promoting alignment of the indi-
vidual pieces when assembled as a pile casing.

[0043] The pile casing may comprise/consist of any (com-
bination of) polymer material(s). For example, the pile casing
may comprise/consist of a plastic, recycled plastic or thermo-
plastic material. Similarly, the pile casing may comprise/
consist of a composite material comprising a polymer mate-
rial and at least one of glass fibers, carbon fibers, steel fibers
and wood.

[0044] As touched upon above, the present disclosure
teaches a pile comprising a pile casing in accordance with the
present disclosure. The pile may comprise a filling that at least
partially fills the hollow of the pile casing. For example, the
filling may fill at least 60%, at least 80% or 100% (of the
volume) of the hollow. Similarly, the filling may fill not more
than 80% or not more than 90% (of the volume) of the hollow.
In this regard, an inherent porosity of materials constituting
the filling may be understood as “filling” the respective vol-
ume of the hollow. Similarly, voids between individual con-
stituent particles (e.g. wood chips, pebbles, shards of glass,
chunks of recycled asphalt, etc.) of the filling, e.g. voids
arising from suboptimal mating of adjacent particles as a
result of their respective shapes, may likewise be understood
as “filling” the respective volume of the hollow. As such, the
filling may also be designated as a “core” of the pile. The
filling may constitute at least 70%, at least 80% or at least
90% (of the volume) of the pile. The filling may exhibit a
rigidity that inhibits a bending of the pile in a direction per-
pendicular to a longitudinal axis of the pile. Similarly, the
filling may cooperate with (engagement structures of) the pile
casing to inhibit a bending of the pile in a direction perpen-
dicular to a longitudinal axis of the pile. Such rigidity/inter-
action with the pile casing may be achieved by employment of
a solidifying material such as concrete in the filling.

[0045] As touched upon above, the pile casing may be a
unitary structure, i.e. a single-piece structure, or a multi-piece
structure, e.g. a two-piece or three-piece structure. In the case
of a multi-piece structure, the filling may act to bond the
individual pieces of the pile casing to form a pile casing as
described above, e.g. by interacting with engagement struc-
tures of the pile casing. For example, the filling may interact
with engagement structures of the pile casing by congealing/
hardening to a shape that comprises at least one structure of
counterpart shape and engaged to an engagement structure of
the pile casing. Accordingly, the individual pieces of the pile
casing may be held together in the form of the desired pile
casing during filling of the filling into the hollow.

[0046] The filling may comprise/consist of any (combina-
tion of) organic and/or inorganic material(s). For example,
the filling may comprise/consist of any (combination of)
material(s) selected from the group consisting of sand, gravel,
concrete, wood, glass, glass fibers, metal, carbon fibers, steel
fibers, basalt fibers, asphalt, plastic, recycled plastic, an elas-
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tomer, thermoplastic, a casting resin and asphalt concrete. As
such, the filling may comprise/consist of a composite com-
prising at least one material selected from the group consist-
ing of sand, gravel, concrete, wood, glass, glass fibers, metal,
carbon fibers, steel fibers, basalt fibers, asphalt, plastic,
recycled plastic, an elastomer, thermoplastic, a casting resin
and asphalt concrete. To the respect that the filling may com-
prise plastic, recycled plastic, an elastomer, thermoplastic
and/or a casting resin, the use of such materials may be
limited to forming a plug across an entire cross-section of the
hollow, e.g. a plug that inhibits a passage of moisture (from
one portion of the hollow on one side of the plug) to another
portion of the hollow (on an opposite side of the plug). The
plug may be provided at/proximate to a longitudinal end of
the hollow, e.g. at/within a most distal 5% or at/within a most
distal 10% of a length of the hollow. The pile casing and the
filling may be of different materials.

[0047] The pile may comprise a tip portion. The tip portion
may coniprise a base portion, e.g. a base portion having a
shape that interfaces a shape of a longitudinal end of the pile
casing. The base portion may have a cross-sectional outline
(substantially) identical to a cross-sectional outline of the
longitudinal end of the pile casing. The tip portion may have
a (substantially) conical/pyramidal shape. The base portion
may form the base of the substantially) conical/pyramidal
shape of the tip portion. The tip portion may comprise a tip
that forms the tip of the substantially) conical/pyramidal
shape of the tip portion. The tip portion may be positioned at
alongitudinal end of the pile casing, e.g. with the base portion
interfacing the longitudinal end of the pile casing and/or with
the tip forming a (longitudinally) most distal portion of the
pile. For example, the longitudinal end of the pile casing may
matingly receive/be matingly engaged with the base portion.
Similarly, the base portion may matingly extend into (the
hollow at) the longitudinal end of the pile casing. The base
portion may comprise a shoulder portion that mates with the
longitudinal end of the pile casing, e.g. that accommodates
the thickness of the pile casing at the longitudinal end of the
pile casing. The tip may be positioned on a (substantially)
central longitudinal axis of the pile casing. The tip portion
may be formed separately from the pile casing. Similarly, the
tip portion may be of a material that differs from the material
of the pile casing. For example, the tip portion may be of
concrete, wood, metal, plastic or any combination thereof.
The tip portion may be formed integrally with the filling. The
tip portion may comprise a hole opposite the tip. The hole
may open to the hollow of the pile casing and may accom-
modate a portion of the filling. The hole may have the shape
of a bore and may comprise at least one retaining structure,
e.g. a bulge and/or barb, for retaining the tip portion on the
pile by establishing cohesion between the tip portion and the
filling. The tip portion may comprise a thread or a thread-like
structure, e.g. athread or a thread-like structure that facilitates
a screw-like driving of the pile into the ground. The thread or
athread-like structure may be provided on an outer surface of
a conically/pyramid shaped portion of the tip portion. The tip
portion may be of a structural design and material that with-
stands a driving of the tip portion (together with the pile
casing) into the ground, e.g. by hammering in a direct, nail-
like fashion or by screwing in a twisting, screw-like fashion.

[0048] The pile casing may be manufactured by extruding a
material, e.g. any of the aforementioned materials, through a
diehaving a shape that forms the material into a pile casing as
described in the present disclosure.
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[0049] An extruding apparatus in accordance with the
present disclosure may comprise a die, and a drive mecha-
nism that drives a material through the die, wherein the die is
shaped to form a pile casing as described in the present
disclosure, i.e. a pile casing having features/structures as
described in the present disclosure. The drive mechanism
may comprise a hydraulic drive mechanism. The extruding
apparatus may comprise a transport apparatus for transport-
ing an extruded product, e.g. for transporting an extruded
product away from the die. Similarly, the extruding apparatus
may comprise a sectioning apparatus for sectioning the
extruded product into desired lengths, e.g. into individual
piles.

[0050] A method of manufacturing a pile casing in accor-
dance with the present disclosure may comprise driving a
material through a die to produce an extruded product having
a cross-section of a pile casing as described in the present
disclosure, i.e. a pile casing having features/structures as
described in the present disclosure, and sectioning off lengths
of the extruded product. The sectioning may comprise sec-
tioning the extruded product into individual piles having a
length as described in the present disclosure. The method may
comprise actively or passively changing a state of the
extruded product to a (more) solid state, i.e. solidifying the
material of the extruded product to a rigid structure. The
solidifying may comprise cooling, congealing, drying, vul-
canizing and/or curing the material, and may be carried out
prior to sectioning of the extruded product. For example, the
method may comprise cooling the extruded product/allowing
the extruded product to cool prior to sectioning of the
extruded product.

[0051] Having regard for the detail of the description of the
pile casing elsewhere in the present disclosure, the various
possible shapes of the die of the extruding apparatus/(extrud-
ing) method will not be described in full detail. The person
skilled in the art can readily derive the shape of the die from
the detailed description of the pile casing, the die having a
shape inverse to a cross-section of the pile casing notwith-
standing tolerances known in the field of extrusion. For
example, the die may have a shape that forms a (unitary)
extruded product in the form of a pile casing as detailed above
including forming a hollow into the (unitary) extruded prod-
uct, the hollow extending through a length of the (unitary)
extruded structure. The die may have a shape that forms the
hollow to have a cross-section of constant shape. Similarly,
e.g. for the sake of altering the cross-section of the hollow as
a function of longitudinal position, the extruding apparatus
may comprise at least one mechanism for altering a shape of
the die as a function of time. The die may have a shape that
forms the hollow to have a cross-section that defines a plu-
rality of engagement structures. At least one of the engage-
ment structures may have a shape that, when engaged with a
counterpart structure of a counterpart shape, inhibits disen-
gagement of the counterpart structure from the engagement
structure in a radial direction of the hollow.

[0052] As touched upon above, the pile may be manufac-
tured by filling a material, e.g. any of the aforementioned
materials, into the hollow of a pile casing as described in the
present disclosure. The material filled into the hollow may
thus be termed a “filling” and, e.g. for the sake of better
readability, the acting of filling may be termed “depositing.”
The depositing be effected by a filling apparatus, e.g. as
described hereinbelow. The filling may be deposited into the
hollow in state that allows the filling to conform to the shape
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of the hollow, e.g. as a liquid, a foam, a melt or slurry. The
manufacture of the pile may comprise actively or passively
changing a state of the filling to a solid state, i.e. solidifying
the filling to the shape of the hollow. The solidifying may
comprise cooling, congealing, drying, vulcanizing and/or
curing the filling.

[0053] More specifically, a method of manufacturing a pile
(hereinafter simply “manufacture of the pile”) in accordance
with the present disclosure may comprise receiving a pile
casing as described in the present disclosure and depositing a
filling into the hollow of the pile casing. For example, the
method may comprise receiving a pile casing comprising a
hollow extending through an entire length of the pile casing,
and filling a filling into the hollow. As described above, the
pile casing may comprise/consist of any (combination of)
polymer material(s) or may comprise/consist of a composite
material comprising a polymer material and at least one of
glass fibers, carbon fibers, steel fibers and wood. As described
above, the filling may comprise/consist of any (combination
of) organic and/or inorganic material(s). The hollow may
have a cross-section that defines a plurality of engagement
structures. The method may comprise filling at least 60%, at
least 80% or 100% (of the volume) of the hollow with the
filling. The method may comprise filling not more than 80%
or not more than 90% (of the volume) of the hollow with the
filling. As described above, an inherent porosity of the filling
and/or void between individual particles thereof may be
understood as “filling” the respective volume of the hollow.
The depositing of a filling into the hollow may be effected, at
least in part, in situ, e.g. subsequent to a driving of the pile
casing into the ground. Manufacture of the pile may comprise
pumping sand from a location less than 500 m from a pile
driven into the ground into the pile as (part of) the filling.

[0054] Manufacture of the pile may comprise manufactur-
ing, e.g. as described in the present disclosure, the pile casing
that is filled. Furthermore, manufacture of the pile may com-
ptise controlling a motion of a filling nozzle transport mecha-
nism to effect relative motion between the filling nozzle and
the pile casing during deposit of the filling into the hollow.

[0055] Manufacture of the pile may comprise manufactur-
ing the tip portion, e.g. by casting, molding, milling and/or
lathing. Manufacture of the pile may comprise assembling the
tip portion onto a longitudinal end of the pile casing. Simi-
larly, manufacture of the pile may comprise manufacturing
the tip portion in situ, i.e. on the pile casing.

[0056] Manufacture of the pile may comprise positioning
the pile casing such that the hollow is adjacent to a cavity of
a mold and depositing a (first) material into the cavity (and
into a portion of the hollow) to form the tip portion, e.g. viathe
hollow. Manufacture of the pile may comprise depositing
enough of the (first) material into the cavity and the hollow to
fill the cavity and a length of atleast 2 cm, atleast 5 cm, at least
10 cm, at least 20 cm or at least 80% of the length of the
hollow (adjacent to the cavity). Similarly, manufacture of the
pile may comprise depositing enough of the (first) material
into the cavity and the hollow to fill the cavity and a length of
not more than 20 ¢m or not more than 50 cm of the hollow
(adjacent to the cavity). The (first) material may be a solid
material or a material that solidifies. For example, the (first)
material may be/comprise concrete, wood, metal, plastic or
any combination thereof and may constitute part of the filling.
Manufacture of the pile may comprise removing the pile
casing together with the (first) material from the mold.
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[0057] Manufacture of the pile may comprise depositing
enough of a second material to fill at least 80% of the length
of the hollow or to fill at least 80%, at least 90% or an entirety
of a length of the hollow not filled by the first material. The
second material may be a loose material and may constitute
part of the filling. The depositing of the second material into
the hollow may be effected either prior or subsequent to a
driving of the pile casing (together with the tip portion) into
the ground.

[0058] Manufacture of the pile may comprise depositing a
third material into the hollow to form a plug across an entire
cross-section of the hollow, e.g. a plug that inhibits a passage
of moisture (from one portion of the hollow on one side of the
plug) to another portion of the hollow (on an opposite side of
the plug). The plug may be provided at/proximate to a longi-
tudinal end of the hollow, e.g. at/proximate to a longitudinal
end opposite the tip portion. The plug may be provided
at/within a most distal 5% or at/within a most distal 10% of a
length of the hollow. The third material may be/comprise
plastic, recycled plastic, an elastomer, thermoplastic and/or a
casting resin and may constitute part of the filling. Manufac-
ture of the pile may comprise removing the pile casing
together with the (first, second and/or third) material from the
mold. Similarly, the depositing of the third material into the
hollow may be effected subsequent to a depositing of the
second material into the hollow. The depositing of the third
material into the hollow may be effected either prior or sub-
sequent to a driving of the pile casing (together with the tip
portion) into the ground.

[0059] A pile manufacturing apparatus in accordance with
the present disclosure may comprise at least one filling
nozzle. The filling nozzle may be configured and adapted to
fill a material into (a portion of) the hollow of the pile casing.
As described above, the filling may comprise/consist of any
(combination of) organic and/or inorganic material(s). The
pile manufacturing apparatus may comprise a control device
that controls (a time/amount of) deposit of the filling into the
hollow. The control device may control (a time/amount of)
deposit of the filling into the hollow such that the filling fills
at least 60%, at least 80% or 100% (of the volume) of the
hollow. The control device may control (a time/amount of)
deposit of the filling into the hollow such that the filling fills
not more than 80% or not more than 90% (of the volume) of
the hollow. As described above, an inherent porosity of the
filling and/or void between individual particles thereof may
be understood as “filling” the respective volume of the hol-
low.

[0060] The pile manufacturing apparatus may comprise a
mold, e.g. a mold comprising a cavity having the shape of a
tip, e.g. a conical or pyramid shape or other counterpart shape
of a tip portion as described supra. The mold may be manu-
factured of metal, concrete, wood, plastic or any combination
thereof.

[0061] The pile manufacturing apparatus may comprise a
tip portion forming apparatus. The tip portion forming appa-
ratus may be/comprise an injection molding apparatus, e.g. an
injection molding apparatus comprising a mold with a cavity
into which a fluid material is injected to form the tip portion.
Similarly, the tip portion forming apparatus may comprise a
milling apparatus, e.g. a CNC machine programmed to mill
the tip portion from a block of material.

[0062] The pile manufacturing apparatus may comprise a
placement mechanism.
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[0063] Placement mechanism may be configured and
adapted to receive the pile casing and to place the pile casing
such that the hollow is adjacent to a cavity of the mold. The
placement mechanism may orient the pile casing such that a
longitudinal axis of the hollow is (substantially) vertical. The
placement mechanism may align the pile casing over the
cavity of the mold such that material filled into the hollow (via
the filling nozzle) falls into/in the direction of the cavity. In
this respect, the filling nozzle may deposit the filling into the
mold (and into at least a portion of the hollow) via the hollow,
e.g. as described above in the context of manufacture of the
pile.

[0064] Alternatively, the placement mechanism may be
configured and adapted to receive the pile casing and to
assemble the pile casing onto the (prefabricated) tip portion.
Similarly, the placement mechanism may be configured and
adapted to receive the pile casing and/or the (prefabricated)
tip portion and to assemble the (prefabricated) tip portion
onto the pile casing.

[0065] The control device may control deposit of the filling
into the hollow such that a first material, a second material
and/or a third material is deposited into the cavity/hollow as
described above in the context of manufacture of the pile. For
example, the control device may control deposit of the filling
into the hollow such that first the first material, then the
second material and then the third material are deposited into
the cavity’hollow. The pile manufacturing apparatus may
comprise separate nozzles for depositing the respective mate-
rials into the hollow.

[0066] The pile manufacturing apparatus may comprise at
least one storage, processing and/or transport device that
stores, processes and/or transports the material for filling into
the hollow. For example, the pile manufacturing apparatus
may comprise a vat, hopper or other container for storing the
material. Similarly, the pile manufacturing apparatus may
comprise e.g. a heating device for liquefying the material, an
aeration/foaming device for foaming the material, a (hydrau-
lic) press for pressurizing the material, a grinding/chopping
device for grinding/chopping the material and/or a stirring
device for mixing the material. Furthermore, the pile manu-
facturing apparatus may comprise a screw transport device
for transporting the material and/or a pump for pumping the
material, e.g. to the nozzle.

[0067] The pile manufacturing apparatus may comprise a
control device and a filling nozzle transport mechanism, the
control device controlling a motion of the filling nozzle trans-
port mechanism to effect relative motion between the filling
nozzle and the pile casing during deposit of the filling into the
hollow. For example, the nozzle may be moved along a length
of the hollow during deposit of the filling into the hollow. e.g.
to promote uniform filling of the hollow. Likewise for the sake
of promoting uniform filling of the hollow, the pile manufac-
turing apparatus may orient the pile casing during deposit of
the filling into the hollow such that a longitudinal axis of the
hollow is aligned (substantially) vertically as touched upon
above.

[0068] The pile manufacturing apparatus may comprise a
removal mechanism, e.g. a removal mechanism that removes
the pile casing together with the deposited filling from the
mold or from another support structure that supports the
constituent elements of the pile during deposit of the filling.
Specifically, removal mechanism the may remove the pile
casing together with the first, second and/or third material
from the mold/support structure.
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[0069] As touched upon above, the pile casing may be used
to construct a pile. In accordance with the present disclosure,
use of a pile casing to construct a pile may comprise driving
a pile comprising the pile casing and the tip portion into the
ground. The pile casing, the pile and/or the tip portion may be
as described hereinabove. For example, the use of a pile
casing to construct a pile may comprise depositing a filling
into the hollow of the pile casing either prior or subsequent to
a driving of the pile into the ground. The driving of the pile
may comprise hammering the pile into the ground (e.g. in a
direct, nail-like fashion) and/or screwing the pile into the
ground (e.g. in a twisting, screw-like fashion). The use of a
pile casing to construct a pile may comprise pumping sand
from a location less than 500 m from a pile driven into the
ground into the pile as (part of) the filling.

[0070] The use of a pile casing to construct a pile may
comprise engaging a (first) connecting structure on an outer
surface of a pile casing of a first pile with a (second) connect-
ing structure on an outer surface of a pile casing of a second
pile. Engagement of the first and second connecting struc-
tures may be effected by a longitudinal motion of the first pile
relative to the second pile, e.g. subsequent to a driving of the
first pile into the ground and during a driving of the second
pile into the ground. The first and second connecting struc-
tures may be connecting structures as described hereinabove.
For example, the connecting structures may be shaped to
inhibit disengagement of the first connecting structure from
the second connecting structure in any direction lateral to a
longitudinal axis of the first/second pile when the first con-
necting structure and the second connecting structure are
engaged.

The Mlustrated Embodiments

[0071] The various embodiments of the present disclosure
having been described above in general terms, the embodi-
ments shown in the Figures will now be elucidated.

[0072] Each of FIGS. 1A to 1C shows a schematic cross-
section through a respective embodiment of a pile 100 in
accordance with the present disclosure, e.g. as described
above. In the illustrated embodiments, the cross-section
extends across a lateral dimension of pile 100, i.e. from left to
right in the illustration, as well as across a longitudinal dimen-
sion of pile 100, i.e. from top to bottom in the illustration.
[0073] In FIGS. 1A to 1C, pile 100 is depicted as being
driven into the ground 199, reference sign 198 designating the
surface 198 of the ground 199. Surface 198 may be underwa-
ter, e.g. may be the ocean floor or the bottom of a lake.
[0074] Inthe embodiment illustrated in FIG. 1A, pile 100A
comprises a pile casing 110 and a tip portion 130. Pile casing
110 comprises a hollow 112 for receiving a filling 120 (not
shown in F1IG. 1A). Tip portion 130 is located at a longitudinal
end of pile casing 110 and has a conical shape to facilitate a
driving of pile 100A into the ground 199. Tip portion 130
extends partially into the hollow to bind tip portion 130 to pile
casing 110.

[0075] Inthe embodiment illustrated in F1G. 1B, pile 100B
comprises a pile casing 110, a filling 120 that substantially
fills hollow 112 (as shown in FIG. 1A), a tip portion 130 and
an optional plug 140. Filling 120 may be a filling of loose
material such as sand and/or gravel. Pile casing 110 thus
serves to retain filling 120 in the general form of pile 100B.
Filling 120 (and plug 140) may be deposited into hollow 112
(as shown in FIG. 1A) in situ, i.e. after pile casing 110 has
been driven into the ground together with tip portion130. For
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example, filling 120 may be deposited into hollow 112 (as
shown in FIG. 1A) when pile 100 is in a position as depicted
in FIG. 1A. Similarly, filling 120 (and plug 140) may be
deposited into hollow 112 (as shown in FIG. 1A) before pile
1008 is driven into the ground, e.g. at a location remote from
where pile 100B is driven into the ground or at the (construc-
tion) site where pile 100B is driven into the ground. Tip
portion 130 is located at a longitudinal end of pile casing 110
and has a conical shape to facilitate a driving of pile 100B into
the ground 199. Tip portion 130 extends partially into hollow
112 (as shown in FIG. 1A) to bind tip portion 130 to pile
casing 110. Plug 140 is located in hollow 112 (as shown in
FIG. 1A) proximate to a longitudinal end of pile casing 110
opposite tip portion 130 and may be formed of a polymer
material, thus serving to inhibit a passage of moisture from
the ambient environment into filling 120.

[0076] Inthe embodiment illustrated in F1G. 1C, pile 100C
comprises a pile casing 110, a filling 120 that substantially
fills hollow 112 (as shown in FIG. 1A), a tip portion 130 and
an optional plug 140. In the illustrated embodiment, filling
120 is formed of the same material as tip portion 130, ¢.g. of
concrete, filling 120 and tip portion 130 forming a unitary
structure. Tip portion 130 is located at a longitudinal end of
pile casing 110 and has a conical shape to facilitate a driving
of pile 100B into the ground 199. Plug 140 is located in
hollow 112 (as shown in FIG. 1A) proximate to a longitudinal
end of pile casing 110 opposite tip portion 130 and may be
formed of a polymer material, thus serving to inhibit a pas-
sage of moisture from the ambient environment into filling
120.

[0077] FIGS. 2A to 2D schematically depict a method of
manufacturing a pile in accordance with the present disclo-
sure, e.g. as described above. Specifically, FIGS. 2A to 2D
show four states of the method in temporal sequence.

[0078] FIG. 2A shows a schematic cross-section through a
mold 250 comprising a cavity 251, which mold 250 is used in
the method steps shown in FIGS. 2B to 2D to form a tip
portion 230 of a pile 200. In the illustrated state, the mold is
empty.

[0079] FIG. 2B shows a schematic cross-section through
mold 250 and a pile casing 210 after pile casing 210 has been
positioned such that a hollow 212 through pile casing 212 is
adjacent cavity 251 in mold 250. In the illustrated embodi-
ment, pile casing 212 is positioned partially within cavity
251.

[0080] FIG. 2C shows a schematic cross-section through
mold 250, pile casing 210 and a tip portion 230 after tip
portion 230 has been cast by depositing a material into cavity
251 via hollow 212. In the illustrated state, tip portion 230 and
pile casing 210 already form a pile 200 that, after congealing
of the material forming tip portion 230, can be removed from
mold 250 and driven into the ground at a desired location.
However, as exemplified by FIG. 2D, FIGS. 2A to 2D show an
embodiment in which pile 200 is not removed until hollow
212 has been filled with a material.

[0081] FIG. 2D shows a schematic cross-section through
mold 250, pile casing 210, tip portion 230 and a filling 220
after filling 220 has been formed by depositing a material into
hollow 212. In the illustrated embodiment, filling 220 is
formed of the same material as tip portion 230 (e.g. concrete
or a concrete composite), filling 220 and tip portion 230
forming a unitary structure. After the material forming filling
220 and tip portion 230 has congealed sufficiently to retain its
shape, pile 200 can be removed from mold 250 and driven into
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the ground at a desired location. As touched upon above, the
state shown in FIG. 2D is optional, i.e. is not a requisite state
during manufacture of a pile 200 in accordance with the
present disclosure.

[0082] Each of FIGS. 3A to 3D shows a schematic cross-
section through a respective embodiment of a tip portion 330
in accordance with the present disclosure, e.g. as described
above. Tip portion 330 may be of a material that withstands a
driving of tip portion 330 (together with a pile casing, not
shown in FIGS. 3A to 3D) into the ground, e.g. by hammering
in a direct, nail-like fashion or by screwing in a twisting,
screw-like fashion.

[0083] Inthe embodimentillustrated in FIG. 3A, tip portion
330A has a generally conical shape and comprises a base
portion 331 and a tip 332, base portion 331 comprising a
shoulder portion 333. The provision of shoulder portion 333
allows base portion 331 to mate with the longitudinal end of
a pile casing (not shown in FIG. 3A).

[0084] Intheembodimentillustrated in FIG. 3B, tip portion
330B has a generally conical shape and comprises a base
portion 331 and a tip 332, base portion 331 comprising a
shoulder portion 333 as well as a bore-shaped hole 334.
Shoulder portion 333 allows base portion 331 to mate with the
longitudinal end of a pile casing (not shown in FIG. 3B),
while hole 334 provides additional surface area that allows a
filling in a hollow of a pile casing (not shown in FIG. 3B) to
engage tip portion 330B.

[0085] Intheembodimentillustrated in FIG. 3C, tip portion
330C has a generally conical shape and comprises a base
portion 331, atip 332 and a thread-like structure 335. Thread-
like structure 335 is provided on an outer surface of a coni-
cally shaped portion of tip portion 330C and facilitates a
screw-like driving of a pile comprising tip portion 330C into
the ground. Base portion 331 comprises a shoulder portion
333 that allows base portion 331 to mate with the longitudinal
end of a pile casing (not shown in FIG. 3C).

[0086] Inthe embodimentillustrated in FIG. 3D, tip portion
330D has a generally conical shape and comprises a base
portion 331 and a tip 332, base portion 331 comprising a
shoulder portion 333 as well as a generally bore-shaped hole
334. Shoulder portion 333 allows base portion 331 to mate
with the longitudinal end of a pile casing (not shown in FIG.
3B), while hole 334 provides additional surface area that
allows a filling in a hollow of a pile casing (not shown in FIG.
3D)to engage tip portion 330D. In the embodiment illustrated
in FIG. 3D, hole 334 comprises a plurality of retaining struc-
tures 336 in the form of bulges for establishing cohesion
between tip portion 330D and the aforementioned filling.
[0087] EachofFIGS. 4A to 4H, 4] and 4K (the designation
“41” 1s omitted on account of its bad legibility in many fonts)
shows a schematic cross-section through a respective
embodiment of a pile casing 410 in accordance with the
present disclosure, e.g. as described above. In the illustrated
embodiments, the cross-section is orthogonal to a longitudi-
nal axis of pile casing 410. Although not shown to scale in the
Figures, the cross-section of each of the illustrated pile cas-
ings 410 is dimensioned so as to allow pile casing 410 to be
driven into the ground, e.g. by hammering in a direct, nail-like
fashion or by screwing in a twisting, screw-like fashion.
[0088] In the embodiment illustrated in FIG. 4A, pile cas-
ing 410A has the shape of a circular cylinder, i.e. has an
annular cross-section that circumscribes a hollow 412.
[0089] In the embodiment illustrated in FIG. 4B, pile cas-
ing 410B has the general shape of a circular cylinder, i.e. has
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a generally annular cross-section that circumscribes a hollow
412. Pile casing 410B comprises a crossbar 411 that spans a
diameter of pile casing 410B, thus dividing hollow 412 into
two chambers, i.e. into two hollows 412A and 412B.

[0090] In the embodiment illustrated in FIG. 4C, pile cas-
ing 410C has the general shape of a circular cylinder, i.e. has
a generally annular cross-section that circumscribes a hollow
412. Pile casing 410C comprises a plurality of ribs 413 dis-
tributed on an outer circumference of pile casing 410C. For
the sake of legibility, only four of ribs 413 are designated by
reference signs in the illustration. Each of ribs 413 extends
along an entire length of pile casing 410C parallel to a longi-
tudinal axis of pile casing 410C. An inner circumference of
pile casing 410C that circumscribes hollow 412 is circular.
[0091] In the embodiment illustrated in FIG. 4D, pile cas-
ing 410D has the general shape of a circular cylinder, i.e. has
a generally annular cross-section that circumscribes a hollow
412C. Pile casing 410C comprises a plurality of ribs 415
distributed on an inner circumference of pile casing 410D.
For the sake of legibility, only four of ribs 415 are designated
by reference signs in the illustration. Each of ribs 415 extends
along an entire length of pile casing 410D parallel to a lon-
gitudinal axis of pile casing 410D. An outer circumference of
pile casing 410D is circular.

[0092] Intheembodiment illustrated in F1G. 4E, pile casing
410F has the general shape of a circular cylinder, i.e. has a
generally annular cross-section that circumscribes a hollow
412D. Pile casing 410F comprises a plurality of engagement
structures 414 distributed on an inner circumference of pile
casing 410E. For the sake of legibility, only three of engage-
ment structures 414 are designated by reference signs in the
illustration. Each of engagement structures 414 has a gener-
ally mushroom-shaped cross-section and extends along an
entire length of pile casing 410F parallel to a longitudinal axis
of pile casing 410E. An outer circumference of pile casing
410E is circular.

[0093] Intheembodiment illustrated in FIG. 4F, pile casing
410F has the general shape of a circular cylinder, i.e. has a
generally annular cross-section that circumscribes a hollow
412. Pile casing 410F comprises a crossbar 411 that spans a
diameter of pile casing 410F, thus dividing hollow 412 into
two chambers, i.e. into two hollows 412E and 412F. Pile
casing 410F comprises a plurality of engagement structures
414 distributed on an inner circumference of pile casing 410F.
For the sake of legibility, only three of engagement structures
414 are designated by reference signs in the illustration. Each
of engagement structures 414 has a generally mushroom-
shaped cross-section and extends along an entire length of
pile casing 410F parallel to a longitudinal axis of pile casing
410F. An outer circumference of pile casing 410F is circular.
[0094] In the embodiment illustrated in FIG. 4G, pile cas-
ing 410G comprises a star-shaped hollow 412G that extends
in a longitudinal direction of pile casing 410G, i.e. into and
out of the plane of the page. The cross-sectional outline of
hollow 412G comprises both a plurality of convex vertices
416 as well as a plurality of concave vertices 418 and defines
a plurality of engagement structures 414A. For the sake of
legibility, only a few of the numerous concave/convex verti-
ces and only three of the numerous engagement structures are
designated by reference signs in the illustration.

[0095] In the embodiment illustrated in FIG. 4H, pile cas-
ing 410H comprises a sprocket-shaped hollow 412H that
extends in a longitudinal direction of pile casing 410H, i.e.
into and out of the plane of the page. The cross-sectional
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outline of hollow 412H comprises both a plurality of convex
vertices 416 as well as a plurality of concave vertices 418 and
defines a plurality of engagement structures 414B. For the
sake of legibility, only a few of the numerous concave/convex
vertices and only three of the numerous engagement struc-
tures are designated by reference signs in the illustration.
[0096] Inthe embodiment illustrated in FIG. 41, pile casing
41017 has the general shape of a rectangular cylinder, i.e. has a
generally rectangular cross-section that circumscribes a hol-
low 412]. Pile casing 410J comprises a first connecting struc-
ture 417 and a (counterpart) second connecting structure 419
defined by an outer surface of pile casing 410J. Each of first
connecting structure 417 and second connecting structure
419 extends along an entire length of pile casing 410J parallel
to a longitudinal axis of pile casing 410J. Each of first con-
necting structure 417 and second connecting structure 419
has a generally mushroom-shaped cross-section, first con-
necting structure 417 being defined by an indentation in the
outer surface of pile casing 410J, second connecting structure
419 being defined by a protrusion of the outer surface of pile
casing 410J.

[0097] In the embodiment illustrated in FIG. 4K, pile cas-
ing 410K has the general shape of a rectangular cylinder, i.e.
has a generally rectangular cross-section that circumscribes a
hollow 412K. Pile casing 410K comprises a first connecting
structure 417 and a (counterpart) second connecting structure
419 defined by an outer surface of pile casing 410K. Each of
first connecting structure 417 and second connecting struc-
ture 419 extends along an entire length of pile casing 410K
parallel to a longitudinal axis of pile casing 410K. Each of
first connecting structure 417 and second connecting struc-
ture 419 has a generally mushroom-shaped cross-section,
first connecting structure 417 being defined by an indentation
in the outer surface of pile casing 410K, second connecting
structure 419 being defined by a protrusion of the outer sur-
face of pile casing 410K. Pile casing 410K comprises a plu-
rality of engagement structures 414K distributed on an inner
circumference of pile casing 410K. For the sake of legibility,
only three of engagement structures 414K are designated by
reference signs in the illustration. Each of engagement struc-
tures 414K extends along an entire length of pile casing 410K
parallel to a longitudinal axis of pile casing 410K.

[0098] FIG.5A shows a schematic depiction of a die 560 in
accordance with the present disclosure, e.g. as described
above. Die 560 may be used in an extruding apparatus, in
particular for manufacturing a pile casing in accordance with
the present disclosure.

[0099] In the illustrated embodiment, die 560 comprises a
first die portion 562 and a second die portion 566 that define
an opening 564 through which a material may be pressed to
form an extruded product having a cross-section of substan-
tially a shape of opening 564. In the illustrated embodiment,
opening 564 has a cross-section that defines a first connecting
structure 563, a second (counterpart) connecting structure
565 as well as a plurality of engagement structures 568. For
the sake of legibility, only three of engagement structures 568
are designated by reference signs in the illustration.

[0100] FIG. 5B shows a schematic depiction of an extrud-
ing apparatus 570 in accordance with the present disclosure,
e.g.as described above. Extruding apparatus 570 may be used
for manufacturing a pile casing in accordance with the present
disclosure, e.g. as described above.

[0101] In the illustrated embodiment, extruding apparatus
570 comprises a die 572, e.g. a die as shown in FIG. 5A, and
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a drive mechanism 574 that drives a material through an
opening 564 in die 572, e.g. by means of a screw mechanism.
Extruding apparatus 570 may heat the material to a molten
state and drive the material through die 572 in its molten state.
Extruding apparatus 570 may drive the material through die
572 at a pressure on the order of tens of MPa.

[0102] After being extruded through opening 564 in die
572, the material may be subjected to active or passive pro-
cessing that changes a state of the extruded product to a
(more) solid state, i.e. solidifies the material of the extruded
product to a rigid structure, before being sectioned into
desired lengths. As touched upon above, the solidifying may
comprise cooling, congealing, drying, vulcanizing and/or
curing the material. For example, the method may comprise
cooling the extruded product/allowing the extruded product
to cool prior to sectioning of the extruded product.

[0103] FIGS. 6A to 6C show schematic depictions of a pile
manufacturing apparatus 680 in accordance with the present
disclosure. In the illustrated embodiment, pile manufacturing
apparatus 680 comprises a filling nozzle 682, a mold 686
(shown in FIG. 6B), a placement mechanism 684 and a
removal mechanism 688 (shown in FIG. 6C).

[0104] FIG. 6A shows placement mechanism 684 in the
form of a gripper gripping a pile casing 610 of a shape as
shown in FIG. 4F, i.e. with two hollows 612E and 612F.
Placement mechanism 684 receives pile casing 610 and posi-
tions pile casing 610 such that filling nozzle 682 can fill a
material into hollow 612.

[0105] Pile manufacturing apparatus 680 may control a
motion of filling nozzle 682 during filling of the material into
hollow 612. For example, filling nozzle 682 may be moved
along a length of the hollow 612 during filling of the material
into hollow 612, e.g. to promote uniform filling of hollow 612
with the material. Similarly, filling nozzle 682 may be moved
such that material is deposited into both hollow 612E and
hollow 612F.

[0106] FIG. 6B shows a schematic depiction of pile manu-
facturing apparatus 680 of FIG. 6A. In FIG. 6B, placement
mechanism 684 has placed pile casing 610 into cavity 687 in
mold 686 such that a longitudinal axis of hollow 612 is
aligned (substantially) vertically over cavity 687 and such
that material filled into hollow 612 (via filling nozzle 682)
falls into/in the direction of cavity 687.

[0107] FIG. 6C shows another schematic depiction of pile
manufacturing apparatus 680 of FIG. 6A. In FIG. 6C, a tip
portion 630 has been formed by filling material into cavity
687 via hollow 612. Removal mechanism 688 has removed
pile casing 610 from cavity 687 together with tip portion 630,
pile casing 610 and tip portion 630 together constituting a pile
600 with a hollow 612 that can be filled with a material either
before or after pile 600 is driven into the ground.

[0108] FIGS. 7A to 7D show schematic depictions of
another pile manufacturing apparatus 780 in accordance with
the present disclosure. In the illustrated embodiment, pile
manufacturing apparatus 780 comprises a tip portion forming
apparatus 781, a filling nozzle 782, a support 785 (shown in
FIG. 7B), a placement mechanism 784 and a removal mecha-
nism 788 (shown in FIG. 7D).

[0109] As schematically depicted in FIG. 7A, tip portion
forming apparatus 781 can be an injection molding apparatus
comprising a mold 783 with a cavity into which material is
injected to form a tip portion 730 (shown in FIG. 7B). Tip
portion 730 is then transferred to support 785 (shown in FIG.
7B) for assembly with a pile casing 710.



US 2016/0040384 Al

[0110] As schematically depicted in FIGS. 7A, 7B and 7C,
placement mechanism 784, here in the form of a gripper,
receives pile casing 710 and assembles pile casing 710 onto
tip portion 730 supported by support 785. Pile manufacturing
apparatus 780 then fills material into a hollow 712 of pile
casing 710 via nozzle 782 and forms a plug 740 (shown in
FIG. 7D) by depositing another material into hollow 712 via
nozzle 782.

[0111] As schematically depicted in FIG. 7D, removal
mechanism 788 then removes the completed pile 700 from
support 785.

[0112] In the present disclosure, the verb “may” is used to
designate optionality/noncompulsoriness. In other words,
something that “may” can, but need not. In the present dis-
closure, the verb “comprise” may be understood in the sense
of including. Accordingly, the verb “comprise” does not
exclude the presence of other elements/actions. In the present
disclosure, relational terms such as “first,” “second,” “top,”
“bottom” and the like may be used solely to distinguish one
entity or action from another entity or action without neces-
sarily requiring or implying any actual such relationship or
order between such entities or actions.

[0113] In the present disclosure, the term “any” may be
understood as designating any number of the respective ele-
ments, e.g. as designating one, at least one, at least two, each
or all of the respective elements. Similarly, the term “any”
may be understood as designating any collection(s) of the
respective elements, e.g. as designating one or more collec-
tions of the respective elements, a collection comprising one,
atleast one, at least two, each or all of the respective elements.
The respective collections need not comprise the same num-
ber of elements.

[0114] In the present disclosure, the expression “at least
one” is used to designate any (integer) number or range of
(integer) numbers (that is technically reasonable in the given
context). As such, the expression “at least one” may, inter alia,
be understood as one, two, three, four, five, ten, fifteen,
twenty or one hundred. Similarly, the expression “at least
one” may, inter alia, be understood as “one or more,” “two or
more” or “five or more.”

[0115] Inthe present disclosure, expressions in parentheses
may be understood as being optional. As used in the present
disclosure, quotation marks may emphasize that the expres-
sionin quotation marks may also beunderstood in a figurative
sense. As used in the present disclosure, quotation marks may
identify a particular expression under discussion.

[0116] In the present disclosure, many features are
described as being optional, e.g. through the use of the verb
“may” or the use of parentheses. For the sake of brevity and
legibility, the present disclosure does not explicitly recite
each and every permutation that may be obtained by choosing
from the set of optional features. However, the present dis-
closure is to be interpreted as explicitly disclosing all such
permutations. For example, a system described as having
three optional features may be embodied in seven different
ways, namely with just one of the three possible features, with
any two of the three possible features or with all three of the
three possible features.

[0117] While various embodiments of the present invention
have been disclosed and described in detail herein, it will be
apparent to those skilled in the art that various changes may
be made to the configuration, operation and form of the inven-
tion without departing from the spirit and scope thereof. In
particular, it is noted that the respective features of the inven-
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tion, even those disclosed solely in combination with other
features of the invention, may be combined in any configu-
ration excepting those readily apparent to the person skilled in
the art as nonsensical. Likewise, use of the singular and plural
is solely for the sake ofillustration and is not to be interpreted
as limiting. Except where the contrary is explicitly noted, the
plural may be replaced by the singular and vice-versa.

1. A pile casing comprising:

a hollow that extends through an entire length of said pile
casing, wherein

said pile casing is manufactured of a first material selected
from the group consisting of a polymer material and a
composite material comprising a polymer material and
at least one of glass fibers, carbon fibers, steel fibers and
wood.

2. The pile casing of claim 1, wherein:

said hollow has a cross-section of constant shape, said
cross-section defining a profiled inner surface, and

said pile casing has a minimum thickness as measured
between an exterior surface of said pile casing and said
profiled inner surface of at least 3 cm.

3. The pile casing of claim 1, wherein:

a cross-section of said hollow defines a plurality of engage-
ment structures (414), at least one of said engagement
structures having a shape that, when engaged with a
counterpart structure of a counterpart shape, inhibits
disengagement of said counterpart structure from said
engagement structure in a radial direction of said hollow.

4. The pile casing of claim 1, comprising:

a first connecting structure defined by an outer surface of
said pile casing, and

a second connecting structure defined by an outer surface
of said pile casing opposite said first connecting struc-
ture, wherein

said first connecting structure is of a shape that matingly
engages a shape of said second connecting structure.

5. A pile comprising:

a pile casing comprising a hollow that extends through an
entire length of said pile casing; and

a filling that fills said hollow, wherein

said pile casing is manufactured of a first material selected
from the group consisting of a polymer material and a
composite material comprising a polymer material and
at least one of glass fibers, carbon fibers, steel fibers and
wood, and

said filling comprises at least one material selected from
the group consisting of sand, gravel, concrete, wood,
glass, glass fibers, metal, carbon fibers, steel fibers,
basalt fibers, asphalt, asphalt concrete, and a composite
comprising at least one material selected from the group
consisting of sand, gravel, concrete, wood, glass, glass
fibers, metal, carbon fibers, steel fibers, basalt fibers,
asphalt and asphalt concrete.

6. The pile of claim 5, comprising:

tip portion at a longitudinal end of said pile.

7. An extruding apparatus comprising;

a die,

a drive mechanism that drives a material through said die,
wherein

said die is shaped to form a unitary structure having a
hollow that extends through an entire length of said
unitary structure, said unitary structure having a profiled
inner surface and having a minimum thickness as mea-
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sured between an exterior surface of said unitary struc-
ture and said hollow of at least 3 cm.

8. The extruding apparatus of claim 7, wherein:

across-section of said hollow defines a plurality of engage-
ment structures, at least one of said engagement struc-
tures having a shape that, when engaged with a counter-
part structure of a counterpart shape, inhibits
disengagement of said counterpart structure from said
engagement structure in aradial direction of said hollow.

9. The extruding apparatus of claim 7, wherein:

an outer surface of said unitary structure defines a first
connecting structure and a second connecting structure,
said first connecting structure being of a shape that mat-
ingly engages a shape of said second connecting struc-
ture.

10. A pile manufacturing apparatus comprising:

a filling nozzle,

a placement mechanism, and

a mold, wherein

said placement mechanism receives a pile casing having a
hollow that extends through an entire length of said pile
casing and places said pile casing on said mold such that
said hollow is adjacent to a cavity of said mold, and

said filling nozzle deposits a filling into said mold and a
portion of said hollow via said hollow.

11. The pile manufacturing apparatus of claim 10, com-

prising:

acontrol device that controls a motion of said filling nozzle
to effect relative motion between said filling nozzle and
said pile casing during said depositing of said filling.

12. The pile manufacturing apparatus of claim 10, com-

prising:

a removal mechanism that removes said pile casing
together with said deposited filling from said mold.

13. A method of manufacturing a pile casing, comprising:

driving a material through a die to produce an extruded
product having a hollow that extends through an entire
length of said extruded product, said extruded product
having a profiled inner surface and having a minimum
thickness as measured between an exterior surface of
said extruded product and said hollow of at least 3 cm,
and

sectioning said extruded product into a plurality of pile
casings, each having a length of at least 2 m.

14. The method of claim 13, wherein:

across-section of said hollow defines a plurality of engage-
ment structures, at least one of said engagement struc-
tures having a shape that, when engaged with a counter-
part structure of a counterpart shape, inhibits
disengagement of said counterpart structure from said
engagement structure in aradial direction of said hollow.
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15. A method of manufacturing a pile, comprising:

receiving a pile casing comprising a hollow that extends
through an entire length of said pile casing, and

filling said hollow with a filling,

wherein said pile casing is manufactured of a first material
selected from the group consisting of a polymer material
and a composite material comprising a polymer material
and at least one of glass fibers, carbon fibers, steel fibers
and wood, and

said filling comprises at least one material selected from
the group consisting of sand, gravel, concrete, wood,
glass, glass fibers, metal, carbon fibers, steel fibers,
basalt fibers, asphalt, asphalt concrete, and a composite
comprising at least one material selected from the group
consisting of sand, gravel, concrete, wood, glass, glass
fibers, metal, carbon fibers, steel fibers, basalt fibers,
asphalt and asphalt concrete.

16. The method of claim 15, comprising:

manufacturing said pile casing, wherein said manufactur-
ing comprises:

driving a material through a die to produce an extruded
product having a hollow that extends through an entire
length of said extruded product, said extruded product
having a profiled inner surface and having a minimum
thickness as measured between an exterior surface of
said extruded product and said hollow of at least 3 cm,
and

sectioning said extruded product into a plurality of pile
casings, each having a length of at least 2 m.

17. The method of claim 15, comprising:

forming a tip portion at a longitudinal end of said pile
casing,

18. The method of claim 15, wherein said filling of said

hollow is effected subsequent to a driving of said pile casing
into the ground.

19. The method of claim 16, wherein:

a cross-section of said hollow defines a plurality of engage-
ment structures, at least one of said engagement struc-
tures having a shape that, when engaged with a counter-
part structure of a counterpart shape, inhibits
disengagement of said counterpart structure from said
engagement structure in a radial direction of said hollow.

20. The pile of claim 5, wherein:

said hollow has a cross-section of constant shape, said
cross-section defining a profiled inner surface, and

said pile casing has a minimum thickness as measured
between an exterior surface of said pile casing and said
profiled inner surface of at least 3 cm.
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