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Bollards

The invention relates to bollards and particularly, though not exclusively, to shallow-
mountable bollards for use as vehicle impact barriers.

Bollards forming fixed barriers around buildings or terrain are often required to be
mounted within an excavation dug into the ground and the base of the bollard buried
there. Ground engaging bollards of this type are typically used to provide impact-
resistant barriers for resisting impacts from vehicles or the like. In order to provide
sufficient resistance to transverse impact forces, such bollards typically require a
significant depth of excavation, which may amount to a depth of the order of a metre
or more. This is to ensure that the buried end of the bollard is unlikely to become

unearthed or move significantly if a vehicle impacts the bollard.

The requirement to excavate deeply increases the labour, cost and difficulty in
erecting such bollards and barriers. Indeed, buried power cables, piping or other
important buried articles may be located at the depth required to be excavated for
such a bollard and may prevent the bollard from being mounted there.

A “shallow-mount” bollard is the term generally given to ground-engaging bollards,
often for use in impact-resistant barriers, possessing a significant laterally extending
base, foundation or foot part, fixed at the base of the upstanding bollard body, for
engaging and extending across the ground at the base of an excavation which is
subsequently filled in to bury the foot part (e.g. with earth, concrete or cement). The
foot part provides support and resistance to significant lateral impact forces that may
be applied to the upstanding bollard, and requires a much shallower excavation to

accommodate it than is required for other types of impact-resistant bollard.

However, the fixed inclination of the upstanding bollard body of such shallow-mount
bollards, relative to the laterally projecting of the foot part, prevents easy adjustment
of the inclination of the upstanding bollard body relative to local ground levels. This is
because a change in the inclination of the bollard body results in a change in the
inclination of the foot part and, therefore, a change in the change in the orientation of
the foot part relative to the ground surface (the base of the excavation) upon which it
rests. Such a change may disengage portions of the foot part from the ground surface

it otherwise would engage. To retain the desired engagement between local ground
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surface and the foot part of the bollard assembly may require providing the local
ground surface (e.g. the base of an excavation) with a suitably inclined surface. This
is difficult to achieve with accuracy and is labour intensive.

The invention aims to provide means and methods which may be used to help
address these and other problems and desirably to provide a suitable bollard

assembly at reduced cost and labour.

In a first of its aspects, the invention may provide a bollard apparatus for use as a

fixed vehicle barrier including:

a bollard member having a base end; and,

a foundation assembly adapted for fixed ground engagement;

wherein the foundation assembly comprises a housing part dimensioned and
arranged for retaining the base end of the bollard member together with cementing
material for cementing the bollard member to the foundation assembly within the
housing part such that the inclination of the bollard member relative to the foundation
assembly is adjustable while the cementing material is not set (e.g. cured or hardened
or rigid) and is fixed upon the cementing material becoming set thereby to cement the

inclination of the bollard member relative to the foundation assembly;

wherein the foundation assembly includes an aperture arranged in register with the
housing part and dimensioned to admit therethrough parts of the bollard member so
as to extend from within the housing part between the base end of the bollard member
and a top end of the bollard member in a direction transverse to the foundation
assembly, and a transverse dimension of the base end of the bollard member
exceeds a corresponding transverse dimension of the aperture such that the base end
of the bollard is thereby prevented from passing through the aperture from within the

housing part.

In this way, the inclination of the upstanding bollard relative to a local ground surface,
in use, may be set as desired by the use of a controlled quantity of locally housed
cementing material. By controlling the location and quantity of the cementing

material, the housing part of the assembly enables minimal additional depth to the
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foundation assembly thereby enabling it to remain shallow and suitable for use in a
shallow-mount bollard apparatus or assembly. The use of cementing material as an
interface/coupling between the base end of the bollard member and the foundation
assembly means that the whole immersed surface area of the bollard member is
available for efficiently transferring impact forces from the bollard member (when
subject to transverse impact) through the intervening cementing material and in to the
foundation assembly — and thence into the ground. The area of interface may be
adjusted simply by suitably adjusting the internal dimensions of the housing part and
the quantity of cementing material it retains in use. The cementing material may act in

the manner — at least to some extent — of a shock absorber.

It is to be understood that while the bollard apparatus is preferably a shallow-mount
bollard assembly, it may be other than a shallow-mount. Accordingly, the foundation
assembly may be adapted to be assembled with the bollard member(s) to significantly
laterally extend as a base or foot part, when fixed at the base of the upstanding
bollard body, for engaging and extending across the ground.

The foundation assembly includes an aperture arranged in register with the housing
part and dimensioned to admit therethrough parts of the bollard member so as to
extend from within the housing part between the base end of the bollard member and
a top end of the bollard member in a direction transverse to the foundation assembly.
The positioning and orientation of the aperture relative to the direction or axis of lateral
extension of the foundation assembly defining the foot, may impose the transverse
orientation of the bollard member when assembled therewith. The plane of the
aperture may be parallel to the lateral extension of the foundation assembly. The
foundation assembly may comprise a plate member which may be shaped to extend
to define the foot and the plane of the aperture may be parallel to the plane in which
the plate so extends. The aperture is preferably a circular aperture and the bollard
member is preferably circular in cross section at its outermost surface of the parts
thereof arranged to extend through the assembled bollard. Circularity has the benefit
of having symmetry enabling adjustability of inclination in any tilt direction of the

bollard member.

The thickness of the plate member of the foundation assembly is preferably no greater
than 75mm, more preferably no greater than 60mm, and is preferably about 50mm or

40 mm. The housing assembly preferably projects from the underside of the plate



10

15

20

25

30

35

4

member, in use, in a direction transverse to the plate member by no more than about
175mm, more preferably 150mm, yet more preferably about 125mm , yet more
preferably about 100mm or less (e.g. about 90mm). Preferably, the separation
between the upper surface of the plate member and the lowermost projecting parts of
the housing part, in use, define the thickest portion of the foundation assembly. This
separation is preferably less than about 250mm, and more preferably less than
150mm.  Accordingly, the foundation assembly is preferably a shallow-mount

foundation.

A transverse dimension (e.g. diameter, width etc) of the aperture may exceed a
corresponding transverse dimension of those parts of the bollard member which the
aperture is arranged to admit by an amount sufficient to define a gap therebetween
within which the bollard member is moveable to adjust its inclination relative to the
foundation member. The bollard member may be dimensioned, relative to dimensions
of the aperture (e.g. the diameter and/or depth thereof) to extend through the aperture
only in directions which may deviated from the perpendicular to the plane of the
aperture by no more than 10 degrees, or 5 degrees, or 3 degrees.

A transverse dimension (e.g. diameter, width etc) of the aperture may exceed a
corresponding transverse dimension of those parts of the bollard member which the
aperture is arranged to admit by an amount sufficient to define a gap therebetween
through which said cementing material is flowable to fill regions within housing part
which surround the base end of the bollard member. In this way, the gap between
bollard member and enveloping collar surfaces which enables tilt adjustment also
enables ingress of cementing material into the chamber of the housing part. It also
enables a “waggling” action to be applied to the free end of the bollard assembly to
correspondingly “waggle” the housed base end thereof within the housing part to
assist in distributing fluid cementing material around the chamber of the housing part

to fill it and fully engulf the base end of the bollard member therein.

The housing part may thus define a sump for the cementing material to be drained
into and retained for securing the bollard base end there. Preferably, a transverse
internal dimension of the housing part (sump) exceeds a corresponding transverse
dimension of the aperture such that parts of the foundation assembly defining the
aperture appose (i.e. separated and opposing) internal surfaces of the housing part

(sump) therewith to define a chamber for receiving the cementing material. That is to
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say, parts of the foundation assembly defining the aperture may preferably also define
the ceiling of the chamber of the housing part. This overhanging/ceiling structure has
important consequences for securing the bollard base end and the cementing material
(once set/cured) when retained in the chamber of the housing part. It also provides a
resistive surface for receiving forces transferred through the cementing material from
the bollard member (when impacted), so that those forces may be dispersed along the
rest of the foundation assembly efficiently. It prevents the cementing material being
lifted out of the chamber of the housing part by the torque forces generated on the

bollard member when subjected to transverse impact force.

A transverse dimension of the bollard member at or adjacent the base end of the
bollard member exceeds a corresponding transverse dimension of the aperture such
that the base end of the bollard is thereby prevented from passing through the
aperture from within the housing part. This prevents the bollard member from being
uprooted from the foundation assembly. The foundation assembly may include a plate
member having a through-opening containing a fixed collar member upstanding from
plate member at the periphery of the through-opening thereby defining the aperture of
the foundation assembly at the outermost end of the collar (e.g. the collar end
uppermost in use). The plate member may be a one-piece plate, such a s a metal
plate (e.g. steel) which may between 30mm and 100mm thick, or more preferably
between 30mm and 60mm thick, or yet more preferably between 30mm and 50 mm
(e.g. about 40mm) thick.

Preferably, the housing part extends/projects transversely from the surface of the
plate member by no more than about 150mm, and preferably by no more than about
between 75mm and 125mm. This retains a shallow maximal depth to the foundation

assembly.

The plate member is preferably shaped to define a plurality of tongue portions each
separated from a neighbouring tongue portion by an intermediate bridging portion
extending transversely therebetween. The plate member may have formed within it a
plurality of through-openings each containing a respective said collar member in the
manner described above. Each collar member is preferably fixed to the plate member
at a respective position thereupon in register with a respective one of the tongue
portions such that the tongue portion projects in a direction transverse to the length of

the bollard member when received within the collar member.
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The bollard member may include an anchor part adjacent the base end thereof and
outwardly projecting therefrom in a direction transverse to the longitudinal axis
thereof. The housing part is preferably dimensioned to receive the base end, the
anchor part and sufficient cementing material to immerse the anchor part therein. The
anchor part may be a plate (e.g. circular) with a central through-opening through
which the axial/longitudinal body of the bollard member passes at its base end. The
anchor part may be a circular ring plate fixed (e.g. welded) to the bollard member

adjacent its base.

The bollard apparatus may include the cementing material in the form of a grout
material, either in powdered form, in liquid form or in solid form e.g. (set/cured within

the housing part).

The cementing material preferably has a compressive strength of between 50 N/mm?
and 100 N/mm?, more preferably between 60 N/mm? and 80 N/mm? (Newtons per
millimetre squared). The cementing material preferably has a flexural strength of
between 5 N/mm? and 15 N/mm?, more preferably between 8 N/mm? and 11 N/mm?
(Newtons per millimetre squared). The cementing material preferably has a static
modulus of elasticity of between 15 N/mm? and 30 N/mm?, preferably between 20
N/mm? and 25 N/mm? (Newtons per millimetre squared). The cementing material is
most preferably a non-shrinkage material which substantially does not shrink in
volume upon setting/hardening. A suitable cementing material is the commercially
available product known as “Ultracrete ® HF — High Flow Precision Grout” (formerly

known as “Cemflow ® HF”) provided by the Instarmac ® Group plc.

In a second of its aspects, the invention may provide a bollard comprising the bollard
apparatus described above in assembled form in which said base end of the bollard
member is housed together with said cementing material in said housing part thereby
cementing the bollard member to the foundation assembly within the housing part
such that the inclination of the bollard member relative to the foundation assembly is

fixed by the cementing material at a desired inclination.

In a third of its aspects, the invention may provide a fixed vehicle barrier including one

or more bollards according to the invention in its second aspect with bollard
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member(s) upstanding from a local ground level in which the one or more foundation

assembly is buried thereby to fix it to the local ground level.

In a fourth aspect, the invention may provide a method of erecting a bollard for use as

a fixed vehicle barrier including:

providing a bollard assembly including:

bollard member having a base end; and,

a foundation assembly adapted for fixed ground engagement comprising a
housing part dimensioned and arranged for housing the base end of the bollard

member together with cementing material;

enclosing the base end within the housing part;

engaging the foundation assembly with a ground surface with the bollard member

upstanding;

placing cementing material within the housing part;

adjusting the inclination of the bollard member relative to the foundation assembly to a

desired inclination while the cementing material is not set;

allowing the cementing material to set thereby to cement the inclination of the bollard

member relative to the foundation assembly.

The invention in any aspect preferably employs bollard a metal bollard member(s),

and a metal foundation assembly. The metal is preferably steel.

A foundation assembly according the invention in any of its aspects described above
may comprises a plate member arranged for ground engagement and at least one rib
member attached thereto along a surface thereof to strengthen the foundation
member against bending transversely to the rib. The foundation assembly may be
shaped to define a plurality of tongue portions each separated from a neighbouring

tongue portion by an intermediate bridging portion extending transversely
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therebetween. The foundation assembly may comprise at least one rib member
attached thereto along a surface of one or each tongue member thereof to strengthen
the tongue member against bending transversely to the rib. The foundation assembly
may comprise at least one rib member attached thereto along a surface of the
intermediate bridging portion thereof to strengthen the bridging portion against
bending transversely to the rib. The rib may be a metal (e.g. steel) strip, such as a flat
strip, welded or otherwise joined to the foundation assembly along one long strip edge
such that the short strip edges are upstanding transversely (e.g. perpendicularly) from
the surface to which the strip is joined. Alternatively, the rib may comprise a length of
“angle iron” or a length of a girder or a beam. The one or more ribs may be joined to
the foundation assembly at surface parts thereof extending from adjacent an
intermediate bridging portion to parts of a tongue portion not so adjacent thereby to
strengthen the parts of the foundation assembly where a tongue portion and the
intermediate bridging portion meet. A plurality of ribs may be separately fixed to the
foundation assembly in this region for this purpose. Preferably the rib(s) extents in a
direction substantially parallel to, or at least along the length of, a tongue portion to
which it (they) are fixed. This not only preferentially strengthens the tongue portions
against bending along a bend line transverse to the tongue length, but also inhibits a
sliding movement if the foundation assembly in such a transverse direction in
response to impact forces. The upstanding rib(s) tend to dig in to a local ground
material (e.g. cement or earth) with which the foundation assembly is buried within a
filled-in excavation. This promotes a transfer of impact-induced movement of the
foundation assembly to the distal ends of the tongue portions, furthest from the bollard
parts, which may tend to dig into the local ground surface if the side of the foundation
assembly nearest the bollards is tipped upwardly in response to the torques applied to
the bollards by an impacting vehicle. This greatly resists further transverse movement
of the foundation assembly. By providing tongue portions, the distal edge of the
foundation assembly, furthest from the bollards is much shorter than the length of the
foundation assembly. Thus, the impact forces transferred from the impacting vehicle
to the ground surface through the intermediate foundation assembly, when pivoted or
tipped upwardly as described above, are concentrated on a relatively limited distal
edge length. This concentration of force increases the pressure applied to the ground
surface by the distal edges of the tongue portions, further enhancing the tendency of

the tongue portions to dig into the ground surface.
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Reference is made, in the following, two examples which show possible embodiments
of the invention, it being appreciated that other embodiments are encompassed within
the scope of the invention.

Figure 1 shows a shallow-mount bollard assembly for a vehicle - impact barrier;

Figure 2 shows the bollard assembly of Figure 1 in exploded view;

Figure 3 shows the bollard assembly of Figure 2 in exploded view from one

side;

Figure 4 shows a cross-sectional view of the bollard assembly of Figure 1 from

one side, being the same side as shown in Figure 3;

Figure 5 shows a magnified view, in cross-section of a part of the bollard
assembly of Figure 4 comprising a housing part;

Figure 6 illustrates a cross-sectional view of a part of the bollard assembly of
Figure 5 in which the housing part is filled with a cementing material in the form of

grout;

Figure 7 illustrates a perspective exploded view of a variant of the bollard

assembly shown, in part, in Figure 6;

Figure 8 illustrates a plate and a cut line extending there across defining two
reciprocally shaped plate halves each for use in manufacturing a foundation assembly

for a bollard assembly;

Figure 9 illustrates a view of a bollard assembly comprising a foundation plate to
which are fixed multiple bollards; the foundation plates being manufactured from a
plate half as illustrated in Figure 8;

Figure 10 shows a plan view of a bollard assembly including certain dimensions;

Figure 11 shows a front view of a bollard assembly of Figure 10, including

certain dimensions;



10

15

20

25

30

35

10

Figure 12 shows an underside view of a bollard assembly of figures 10 and 11,

Figure 13 shows a perspective view of the bollard assembly of figures 10 to 12;

Figure 14 shows a perspective view of the bollard assembly;

Figure 15 shows an underside view of a bollard assembly of figure 14;

Figure 16 shows a front view of a bollard assembly of Figures 14 and 15. In the
drawings like articles are assigned like reference symbols.

Figure 1 illustrates a shallow-mount bollard assembly including a foundation assembly
(2, 4A, 4B) shaped from a steel plate to define two tongue portions (4A, 4B) each
separated from the other by an intermediate bridging portion (2) extending
transversely there-between. The two separated tongue portions extend in parallel at a
common side of the plate to define a flat and generally U-shaped footplate for ground

engagement.

The thickness of the plate is approximately 400mm (or thereabouts) thereby defining a
very shallow foundation assembly for mounting the bollard assembly upon a ground
surface at the base of a correspondingly shallow excavation within which the bollard
assembly may be fixed by a shallow covering of concrete or other suitable burying

material.

The bollard assembly comprises two separate bollard members (3, 4) each fixed to
the foundation assembly at a respective position thereupon in register with a
respective one of the two tongue portions (4A, 4B) such that a tongue portion projects
from the base of an associated bollard member in a direction generally transverse to

the length of that bollard member.

The two bollard members are also in register with the bridging portion (2) of the plate
forming the foundation assembly with the result that the tongue portions (4A, 4B) of
the foundation assembly both individually and collectively define a means for
transferring to the ground upon which the bollard is engaged any transverse impact
forces applied to a bollard member which urge the bollard member in the direction of

the side of the foundation assembly containing the tongue members. For example, an
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impact from a vehicle driven into the bollard members at the tongue-free side of the
bollard assembly would create transverse impact forces transferrable by one or each
tongue portion into the ground upon which the bollard assembly rests.

By being positioned in register with the bridging portion (2) between tongue portions
(4A, 4B), impact forces applied to any one of the bollard members (3, 4) may be
efficiently transferred, at least in part, to a tongue portion which is not in register with
the impacted bollard member. For example, impact forces experienced by bollard (4)
of Figure 1 may be transferred to associated tongue portion 4A and also transferred to
neighbouring tongue portion 4B via the bridging portion (2) of the plate forming the
foundation assembly. This is particularly advantageous when impact forces are
applied in a direction which is not parallel to the direction in which the tongue portions

project.

Each bollard member is secured to the foundation assembly via a respective aperture
provided in the foundation assembly at positions in register with one of the two tongue
portions, and with the bridging portion. Each aperture is defined by the uppermost
opening of a collar member (5, 6) which is upstanding from the surface of the plate of

the foundation assembly uppermost in use.

Most preferably each bollard member is a circularly cylindrical steel tube, each collar
member is a circular steel collar defining a circular aperture and most preferably each
collar member is fixed (e.g. by welding) within a through-opening formed in the plate

of the foundation assembly. The plate is a steel one-piece plate.

While other than circular and cylindrical forms may be employed according to the
invention, experience has shown that circular and cylindrical forms are most efficient
in resisting impacts and in transferring impact forces through the structure of the

bollard assembly.

Figures 2 and 3 show exploded views of the bollard assembly of Figure 1.

Each of the two upstanding circular collar members (5, 6) is positioned within a
corresponding circular through-opening (11, 12) formed within the plate of a
foundation assembly in register with respected tongue portions and the bridging

portion. A housing part (15, 24 and 16, 23) is provided on a face of the plate of the
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foundation assembly reverse to that from which a collar member (5, 6) is upstanding
and aligned in register with the through-opening of the plate and the aperture defined
by a respective collar member. As a result a given through-opening in the plate of the
foundation assembly is sandwiched between the upstanding parts of an associated

collar member and the underlying housing part.

A housing part is provided separately for each of the two bollard members (3, 4), and
is dimensioned and arranged for retaining a base end (25, 26) of the respective
bollard member together with cementing material (not shown) for cementing the

bollard member to the foundation assembly within the housing part.

Each housing part comprises a sump or chamber for enclosing and retaining an
associated bollard base end and cementing material with which to encapsulate the
retained bollard base end. Each housing part comprises an enclosure wall member
(23, 24) surrounding the through-opening of the plate of the foundation assembly, and
is upstanding from the underside of the plate. The housing part further includes a
cover plate (15, 16) shaped and dimensioned to interfaced with the full periphery of
the enclosure wall member with which it is associated therewith to define the chamber

or sump as an enclosed volume.

An enclosure wall member may be square in shape comprising four straight walls
joined at vertices defining a square surrounding the through-opening (11, 12) of the
plate of the foundation assembly. The cover plate (15, 16) may be a correspondingly
dimensioned square plate arranged to be fixed to the enclosure wall member by
screws (17, 18) or bolts (with nuts 7A, 18A) or the like passing through the plate
member into parts of the enclosure wall member, or by other suitable fixing means

such as would be readily apparent to the skilled person.

In the example illustrated in Figures 2 to 5 each cover plate comprises two parallel
rows of bolt holes passing there through along two opposite parallel edges of the
cover plate in which bolts (17, 18) of the housing part are arranged to pass and into
the enclosure wall member to secure the cover plate member thereto. However, the
remaining two parallel edges of the square cover plate (15, 16) each possess an
upstanding right-angular lip, each one projecting in parallel with the other, therewith to
embrace outermost edges of the enclosure wall member on opposite sides, preferably

in a frictional grip, to prevent leakage of cementing material from within the chamber
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of the housing part in use without the need for securing bolts or screws. Conversely,
in the example illustrated in Figure 7, which is a variant of the example illustrated in
Figures 1 to 5, the cover plate (71, 72) of a given housing part possesses
bolt-receiving through-openings along each peripheral edge of the cover plate and
requires securing bolts to be applied along each such edge to fix the cover plate to the

enclosure wall member (23, 24) of the housing patrt.

An anchor part (7, 9) is fixed by welding to the outer cylindrical surface of each
respective bollard member (3, 4) and takes the form of a circumferentially projecting
ring welded adjacent the base end of the respective bollard member. The anchor ring
projects radially from the outer cylindrical surface of the bollard member to which it is
welded. The outer diameter of the anchor ring (7, 9) exceeds the diameter of the
aperture defined by a collar member (5, 6). The diameter of the aperture defined by a
collar member exceeds the outer diameter of the tubular cylindrical bollard member
adapted to pass through it. The result is that the base end of the bollard member is
prevented from passing through the aperture in the foundation assembly through
which other parts of the bollard assembly, closer to the uppermost end of the bollard
assembly (13, 14) may pass. Accordingly, the bollard assembly illustrated in Figure 1
may be assembled by passing an uppermost end (13, 14) of a bollard assembly
through an associated collar member via the underside of the foundation assembly to
which a housing part is attached. By pushing the cylindrical tubular body of the
bollard assembly through the collar member, the anchor ring at the base end of the
bollard assembly is positioned within the enclosure wall member (23, 24) of the
housing part associated with the collar member in question. The cover plate
(15, 16; 71, 72) may then be secured to the enclosure wall thereby to seal and
encapsulate the base end and anchor ring of the bollard assembly within the cavity,
volume or sump defined by the housing part. Figure 4 shows a cross-sectional view
of the bollard assembly of Figure 1 in this assembled form. Figure 5 shows a
magnified view of the bollard base end, collar member, plate through-opening and
associated housing part enclosing one of the two bollard members (3) illustrated in

Figure 4.

Referring to Figure 5 in detail, the base end of a bollard member (3) is shown
supporting by the uppermost surface of the cover plate (15) of the housing part
presented inwardly to the chamber containing the bollard base end. The anchor ring

(7) is fixed to the outer cylindrical surface of the bollard member at an axial position
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spaced from the base end by a distance D3 such that a space exists between the
inward face of the cover plate and the opposing face of the anchor ring when the
bollard member is perpendicular to the cover plate. Similarly, the collar member (5)
extends through the through-opening formed in the plate (2) of the foundation
assembly so as to extend into the cavity of the housing part to an extent such that a
separation D2 exists between the end of the collar within the housing part and the
opposing surface of the anchor ring. The diameter of the aperture defined by the
collar member (5) exceeds the outer diameter (D4) of the bollard member (3) by an
amount sufficient to permit a spacing D1 between the outer surface of the bollard
member and the opposing inner surface of the collar member embracing it. The size
of the spacing D1 may be varied by using a collar member (5) having one of a

selectable range of different internal diameters.

The value of the spacing D1 may be varied by varying the internal diameter of the
collar member (5) defining the aperture through which a bollard member is to extend.
For example, a plurality of different collar members may be provided each having a
common outer diameter matching the diameter of the through-opening in the plate of
the foundation assembly within which it is to be secured, but having one of a number
of different internal diameters defining the diameter of the aperture for receiving the

cylindrical body of a bollard member.

Similarly, the value of the separation D2 between the opposing faces of the collar
member and the anchor ring may be varied by inserting the lower end of the collar
member through the through-opening in the plate of the foundation assembly by a
desired amount in order to cause the lower end of the collar member to upstand from
the underside of the plate by the desired amount before fixing (e.g. welding) the collar

member to the plate.

Furthermore, the size of the separation D3 between the opposing surfaces of the
anchor ring (7) and the cover plate (15) of the housing part may be selected by
suitably selecting the axial position along the cylindrical body of the bollard member at

which the anchor ring is fixed thereto.

The provision of the spacings D1, D2 and D3 enables fluid cementing material,
preferably in the form of a high-flow-rate grout, to be inserted or injected into the inner

volume of the housing part through the gap D1 between the collar member and the
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bollard member, to flow into the chamber of the housing part through the gap D2
between the anchor ring and the collar member around the outer periphery of the
anchor ring and into the gap D3 between the anchor ring and the cover plate of the
housing part (15). In this way the cementing material may entirely fill the volume of
the chamber of sump defined by the housing part and fully encapsulate and immerse
the anchor ring enclosed within it. Furthermore, the spacings D1, D2 and D3 also
permit a tilting movement of the bollard member (3) relative to the foundation
assembly and the collar member and housing part in particular. Figure 6 illustrates an

example of this.

Most preferably the cementing material (62) fills not only the chamber of the housing
parts but also substantially fills the space between the inner surface of the collar
member and the outer surface of the bollard member within it. Preferably the
cementing material is located between the outer surface of the bollard member and
opposing surfaces of the collar member so that the two do not form a direct contact.
This enables the cementing material to form a shock-absorbing or dispersing barrier
or interface between the bollard member and the foundation assembly, including the

collar member.

While the cementing material (62) within the housing parts and collar member is still
fluid, the bollard member (3) may be tilted relative to the foundation assembly by a
relative inclination (8) due to the maneuverability of the base parts of the bollard
member retained within the housing part. Most preferably the values of D1, D2 and
D3 are selected collectively to ensure that the maximum tilt inclination permissible by
the collar member (5) is such that no part of the anchor ring (7) makes direct contact
with the housing part or other parts of the foundation assembly when at that maximum
inclination such that cementing material (e.g. grout) may still reside in spaces between
the anchor ring and any part of the foundation assembly including the housing part.
This may be achieved by suitably dimensioning the outermost diameter of the anchor
ring, its axial location on the bollard member, the height of a collar member and the
extent to which it projects into the inner volume of the housing part. This is in addition
to suitable values of D1, D2 and D3. Suitable values for D1 and D2 are values
between about 2.5mm and about 7.5mm (e.g. about 5mm). Suitable values for D3
are values about twice the value of D2. The value of D4 may be between 150mm and
250mm (e.g. about 200mm).
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Once the suitable angle of inclination is selected the bollard member may be held at
that inclination for a time sufficient to allow the cementing material to become set,
hardened or cured so as to firmly secure and cement the inclination of the bollard
relative to the foundation assembly.

If the cemented bollard member is subsequently impacted by a transverse impact
force F; it will be urged in the direction towards those parts of the collar member
located at the side of the bollard member opposite to the point of impact. Cementing
material (e.g. grout) which has set at these locations (location X indicated in Figure 6)
and the adjacent parts of the collar member serve as a fulcrum about which lower
parts of the bollard member (3) are urged to pivot, and are urged to push through the

cementing material (62) which envelops those parts.

The compressive strength, flexural strength and modulus of elasticity of the cementing
material, suitably chosen, serves substantially to prevent pivoting movement of the
bollard member and to efficiently disperse impact shock from the bollard member,
through the cementing material, into the foundation assembly and thereafter into the

ground where the bollard assembly is shallow-mounted.

Most preferably the cementing material is a high-flow-rate grout having a compressive
strength of between 50-100 newtons per mm?, having a flexural strength of between
5and 15 newtons per mm? and preferably having a static modulas of elasticity of
between 15 and 30 newtons per mm?2. Cementing material satisfying these conditions
has been found to be particularly effective in transmitting the forces F, generated by a

bollard member (3) when subject to the impact force F;.

It is to be noted that the embodiment illustrated in Figure 6 contains minor variations
in design relative to the embodiments illustrated in Figures 1 to 5 and these include
the use of a wholly flat cover plate (71) together with enclosure walls (63) which
terminate with a right-angular lip projecting outwardly of the housing part and against
which the flat cover plate (71) can be pressed and joined thereto by nut and bolt
assemblies (65) passed through suitably prepared apertures in the cover plate and
the lip in register. This arrangement enables simple nut-and-bolt fastening means to
be employed which are easily accessible during assembly of the bollard as closure of

the housing part.
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Furthermore, a collar member (5, 6) may have a stepped outer diameter in which the
lesser outer diameter is dimensioned to the closely received within, and preferably
through a through-opening (11, 12) formed within the plate of the foundation assembly
(2, 4A, 4B) whereas the greater outer diameter exceeds that of the through-opening
thereby to define a circumferential shoulder (60) extending around the outer surface of
the collar member dimensioned to receive the peripheral edge of those parts of the

plate of the foundation assembly (2) defining the through-opening.

Welding (61) fixes the collar member to the plate of the foundation assembly, and
similar such welds (not shown) may be used in any other embodiment of the invention

illustrated herein.

Figure 8 schematically illustrates a steel plate (80) being rectangular in shape having
a length of 5.6m and a width of 4.3m. Such a dimension of rectangular steel plate
represents a standard size of manufacture and supply of steel plates by

manufacturers.

The invention, in one of its aspects, may comprise cutting the steel plate (80) into two
halves (81, 82) defined by a crenulated cut path starting at a start point A* at one of
the two short edges of the rectangular plate and ending at an end point (A) at the
other of the two short edges of the rectangular plate.

The cut path (A* - A) is shaped to define crenulations in each of the two halves
produced by the cut path which are reciprocal to each other. The cut path comprises
only path sections which are either parallel to the long edges of the rectangular plate
or are parallel to the short edges of the rectangular plate. The cut path consists of
successive path sections which are perpendicular to each other. In this way a given
path section is perpendicular to the path sections which preceded and succeeded it,
and the preceding and succeeding path sections are parallel and of the same length.
The cut path is symmetrical about a line joining the centres of the two short edges of
the rectangular plate. The rectangular plate is cut into halves of equal area each half
defining a plate member comprising a long straight edge and a long crenulated edge
in which the crenulations are rectangular or square crenulations. The separation

between the crenulations matches the width of each crenulation.
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Each such plate half thereby defines a plate member shaped to define a plurality of
tongue portions of height H and width W each separated by a distance W from the
neighbouring tongue portion by an intermediate bridging portion (83, 84) extending
transversely therebetween.

Subsequently excess plate parts (85, 86) which are neither a tongue portion or a
bridging portion are removed from each plate half by cutting along a line (81A, 82A)
extending the edge of the tongue part immediately adjacent to the excess plate part
from point B to B* on a first of the two plate halves (82) and from point C to C‘ on a

second of the two plate halves (81).

As a result, two plate members are formed from one common rectangular steel plate
in which each plate member is the same shape as the other and each serves for use
as the plate part of a foundation assembly in a bollard assembly such as described

above or otherwise.

A four-bollard shallow-mount barrier assembly is then constructed by fixing a
respective one of four bollards (92) to a plate member (91) at their respective position
thereupon in register with a respective one of the four tongue portions (93) and in
register with associated bridging portions (94) such that the associated tongue portion
projects in a direction transverse of the bollard member (92) placed in register with it.
An example of this is schematically illustrated in Figure 9.

To achieve this, for example, a row of through-openings (not shown) may then be
formed in a plate member at locations in register with a respective one of the four
tongue portions and an associated bridging portion. The base of bollard members
(92) may then be inserted into respective through-openings (not shown) in the plate
member (91) and secured thereto either according to the methods described above in
relation to Figures 1 to 7, or by other means such as by directly welding the bollard

members to the plate member at or around the edges of the through-opening.

The four-bollard barrier assembly may then be shallow-mounted in a shallow
excavation dimensioned to receive the plate member (91) at shallow depth to be fixed
in place by a suitable covering of concrete or the like thereby to bury the plate

member and the foundation assembly it defines.
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The thickness of the steel sheet (80) may be between 2cm and 5cm (e.g. 4cm) most
preferably, but other thicknesses may be used.

While the above example is illustrated in terms of a four-tongued foundation
assembly, the manufacturing method may be applied analogously, in a manner as
would be readily apparent to the skilled person, to cut a rectangular plate in two
halves comprising any number of tongue portions such as two, four or more than four.
This may be achieved by initially selecting a plate (80) of suitable dimensions and/or

varying the width W of a given tongue portion such that:

W =L/2N

where L is the length of the long edge of the rectangular plate (80) and N is the
number of tongue portions required in each of the halves cut from the plate. The
guantity W is defined above with reference to Figure 8.

Figures 10 to 16 show views of a further embodiment of the invention described
above with reference to figures 1 to 9. Referring to Figure 12, the foundation
assembly (2, 4A, 4B) of the bollard assembly comprises four rib members (100)
welded to and along the underside surface of one of the two tongue portions (4A) of
the plate part of the foundation assembly to strengthen the foundation member
against bending transversely to the rib members. The foundation assembly also
comprises four rib members (101) welded to and along the underside surface of the
other one of the two tongue portions (4B) of the plate part of the foundation assembly
to strengthen the foundation member against bending transversely to the rib
members. Figure 11 and Figure 13 show a front view and a perspective (top) view,
respectively of the bollard assembly of Figure 12. Each of the eight rib members
extends linearly from a region of the foundation assembly adjacent to the intermediate
bridging portion (2) to regions further along the tongue portion not adjacent to the

bridging portion towards the distal edge of the tongue.

Figures 14, 15 and 16 show a further embodiment of the invention in which five further
rib members (102) are welded to the underside of the foundation plate along a surface
of the intermediate bridging portion thereof to strengthen the bridging portion against
bending transversely to the rib. One rib member extends from one tongue portion to

the other diagonally, two rib portions each separately extend directly, in parallel,
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across the bridging portion being separated from each other by the width of the
bridging portion, and two other shorter rib members extent in succession in a direction
diagonally transverse to, and across, the aforementioned diagonal rib member from
one tongue portion to the other.

The rib is a flat metal (e.g. steel) strip, welded to the foundation assembly along one
long strip edge such that the short strip edges are upstanding transversely (e.g.

perpendicularly) from the surface to which the strip is joined.

Figure 10 shows a plan view of a bollard assembly according to embodiments of the
invention described above indicating the relative dimensions of the foundation
assembly — namely, 1980mm wide, and 1370mm from front edge to back edge.
Figure 11 shows other dimensions of the embodiment comprising the height of a
bollard upstanding from the upper surface of the foundation assembly (976mm), the
thickness of the plate of the foundation assembly (40mm), and the overall height of
the bollard assembly including the sump part (1079mm). The diameter of a bollard is
203mm.

The above examples are provided for the purposes of illustrating and are not intended
to be limiting of the scope of the invention. Modifications, variants and alternatives to
aspects of the invention described above, such as would be readily apparent to the
skilled person, are intended to be encompassed by the scope of the invention, such

as is defined by the claims.
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CLAIMS:

1. A bollard apparatus for use as a fixed vehicle barrier including:
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a bollard member having a base end; and,

a foundation assembly adapted for fixed ground engagement;

wherein the foundation assembly comprises a housing part dimensioned and
arranged for retaining the base end of the bollard member together with
cementing material for cementing the bollard member to the foundation
assembly within the housing part such that the inclination of the bollard
member relative to the foundation assembly is adjustable while the cementing
material is not set and is fixed upon the cementing material becoming set
thereby to cement the inclination of the bollard member relative to the

foundation assembly;

wherein the foundation assembly includes an aperture arranged in register
with the housing part and dimensioned to admit therethrough parts of the
bollard member so as to extend from within the housing part between the base
end of the bollard member and a top end of the bollard member in a direction
transverse to the foundation assembly, and a transverse dimension of the
base end of the bollard member exceeds a corresponding transverse
dimension of the aperture such that the base end of the bollard is thereby

prevented from passing through the aperture from within the housing part.

A bollard apparatus according to claim 1 in which a transverse dimension of
the aperture exceeds a corresponding transverse dimension of those parts of
the bollard member which the aperture is arranged to admit by an amount
sufficient to define a gap therebetween within which the bollard member is

moveable to adjust its inclination relative to the foundation member.

A bollard apparatus according to any of claims 1 to 2 in which a transverse
dimension of the aperture exceeds a corresponding transverse dimension of
those parts of the bollard member which the aperture is arranged to admit by

an amount sufficient to define a gap therebetween through which said
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cementing material is flowable to fill regions within housing part which
surround the base end of the bollard member.

A bollard apparatus according to any of claims 1 to 3 in which the housing
part defines a sump a transverse dimension of which exceeds a corresponding
transverse dimension of the aperture such that parts of the foundation
assembly defining the aperture appose internal surfaces of the sump therewith

to define a chamber for receiving said cementing material.

A bollard apparatus according to any of claims 1 to 4 in which the foundation
assembly includes a plate member having a through-opening containing a
fixed collar member upstanding from plate member at the periphery of the
through-opening thereby defining said aperture at the outermost end of the

collar.

A bollard apparatus according to any preceding claim in which the bollard
member includes an anchor part fixed adjacent the base end thereof and
outwardly projecting therefrom in a direction transverse to the longitudinal axis
thereof wherein the housing part is dimensioned to receive the base end, the
anchor part and sufficient cementing material to immerse the anchor part

therein.

A bollard apparatus according to any preceding claim including said cementing

material which is a grout material.

A bollard apparatus according to any preceding claim including said cementing
material which has a compressive strength of between 50 N/mm? and 100

N/mm? (Newtons per millimetre squared).

A bollard apparatus according to any preceding claim including said cementing
material which has a compressive strength of between 60 N/mm? and 80

N/mm? (Newtons per millimetre squared).

A bollard apparatus according to any preceding claim including said cementing
material which has a flexural strength of between 5 N/mm? and 15 N/mm?

(Newtons per millimetre squared).
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A bollard apparatus according to any preceding claim including said cementing
material which has a flexural strength of between 8 N/mm? and 11 N/mm?
(Newtons per millimetre squared).

A bollard apparatus according to any preceding claim including said cementing
material which has a static modulus of elasticity of between 15 N/mm? and 30

N/mm? (Newtons per millimetre squared).

A bollard apparatus according to any preceding claim including said cementing
material which has a static modulus of elasticity of between 20 N/mm? and 25

N/mm? (Newtons per millimetre squared).

A bollard comprising said bollard apparatus according to any preceding claim
in assembled form in which said base end of the bollard member is retained
together with said cementing material in said housing part thereby cementing
the bollard member to the foundation assembly within the housing part such
that the inclination of the bollard member relative to the foundation assembly is

fixed by the cementing material at a desired inclination.

A fixed vehicle barrier including one or more bollards according to claim 14
upstanding from a local ground level in which the foundation assembly is

buried thereby to fix it to the local ground level.

A method of erecting a bollard for use as a fixed vehicle barrier including:

providing a bollard assembly including:

bollard member having a base end; and,

a foundation assembly adapted for fixed ground engagement comprising a
housing part dimensioned and arranged for housing the base end of the
bollard member together with cementing material wherein the foundation
assembly includes an aperture arranged in register with the housing part
and dimensioned to admit therethrough parts of the bollard member so as

to extend from within the housing part between the base end of the bollard
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member and a top end of the bollard member in a direction transverse to
the foundation assembly, and a transverse dimension of the base end of
the bollard member exceeds a corresponding transverse dimension of the
aperture such that the base end of the bollard is thereby prevented from

passing through the aperture from within the housing part;

enclosing the base end within the housing part;

engaging the foundation assembly with a ground surface with the bollard

member upstanding;

placing cementing material within the housing part;

adjusting the inclination of the bollard member relative to the foundation
assembly to a desired inclination while the cementing material is not set;
allowing the cementing material to set thereby to cement the inclination of the

bollard member relative to the foundation assembly.

A bollard apparatus or vehicle barrier according to any of claims 1 to 15, in
which said foundation assembly comprises at least one rib member attached
thereto along a surface thereof to strengthen the foundation member against
bending transversely to the rib.

A bollard apparatus substantially as disclosed in the description and/or

drawings hereinbefore.

A fixed vehicle barrier substantially as disclosed in the description and/or

drawings hereinbefore.

A method substantially as disclosed in the description hereinbefore.



