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A method of forming an artificial reef unit (14) under water on a base includes the steps of locating a tube of a flexible material
divided by dividing walls (18) of a flexible material into an array of compartments (20) running the length of the tube (16), the compartments
being arranged in rows and columns so that the tube (16) divided by the dividing walls (18) has a honeycomb structure, with a first end
(22) of the tube (16) on the base and a second end (24) of the tube above the first end of the tube and under water; securing the tube (16)
in position on the base using one or more flexible and/or rigid elements (26) attached to a fixed object, for example the base; and at least
partially filling some or all of the compartments with a filler material so that at least some of the compartments are adjacent two or more
other compartments filled with a filler material to support and be supported by the adjacent compartments. The artificial reef unit (14) may
be designed to promote an increase in marine life, or to protect a shore line or a fixed object such as a harbour wall from damage.
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METHOD OF FORMING AN ARTIFICIAL REEF UNIT

BACKGR D TO THE INVENTION

THIS invention relates to a method of forming an artificial reef unit under
water, to an artificial reef unit so formed, and to elements for use in its

construction.

It is well known to form support structures such as roadways, canals or river
or bank linings and the like from a material having a honeycomb structure, i.e
having a plurality of compartments or cells divided by dividing walls, each
compartment or cell being filled with a suitable filler material. Examples of
such materials for use in these support structures are Hyson-Cells from
M & S Techical Consultants & Services (Pty) Limited, Geoweb from Presto
Products Co, Tenweb from Tenax Corp, Armater from Crow Company,
Terracell from Webtech Inc, Envirogrid from Akzo Nobel Geosynthetics Co

and Geocells from Kaytech.
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However, there is always a need for new methods of utilising this tube

material.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a method of
forming an artificial reef unit under water on a base which comprises the steps
of :

(1) locating a tube of a flexible material divided by dividing walls of a
flexible material into an array of compartments or cells running the
length of the tube, the compartments being arranged in rows and
columns so that the tube divided by the dividing walls has a honeycomb
structure, with a first end of the tube on the base and a second end of
the tube above the first end of the tube and under water;

(2) securing the tube in position on the base using one or more flexible
and/or rigid elements attached to a fixed object, e.g the base; and

(3) at least partially filling some or all of the compartments with a filler
material so that at least some of the compartments are adjacent two or
more other compartments filled with a filler material to support and be

supported by the adjacent compartments.

A single artificial reef unit may be formed as described above to provide an
artificial reef. However, in general, a plurality of artificial reef units will be
formed in series, abutting or overlapping one another, or with spaces there

between, to form the artificial reef.
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The artificial reef unit of the invention may be used in a fresh water

environment or, preferably, in the sea.

When the artificial reef unit is intended for under the sea or in an environment
where there are waves, the side of the tube facing open water, i.e facing away
from the shore, is preferably suitably profiled, e.g curved to dissipate wave
energy by deflecting the waves. For example, a portion of the tube from the
first end of the tube fo a mid point of the tube is preferably convex in cross-
sectional shape and a portion of the tube from the mid point of the tube to the
second end of the tube is preferably concave in cross-sectional shape so that a
wave striking this side of the tube is rolled up and over away from the shore.
Alternatively the side of the tube facing open water may be sloped so that a

wave striking this side of the tube is slowed and/or broken up.

In addition, the side of the tube facing the shore may also be sloped or curved

if desired.

In step (2) of the method of the invention, any suitable means may be used to
secure the tube in position on the base. For example, a flexible string or a
rigid stay may be located through a row of compartments at or near each
outer row of the array and a flexible string or a rigid stay may be located
through a column of compartments at or near each outer column of the array.
The ends of the strings may then be attached to fixed objects, such as for

example the base, to support the tube in position.
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Alternatively, a semi rigid or rigid stay may be attached to each corner of the
tube, with the free ends of each stay being anchored to the base. In this case

the stays may later be removed for re-use, once step (3) is complete .

The use of flexible strings or rigid stays to support a tube in position is
described in more detail in co-pending application PCT/IB 99/00965, which is

incorporated herein by reference.

In one embodiment of the invention, when the artificial reef unit is designed
to dissipate wave action or to protect a shore, in step (3), it is preferable that

all the compartments are substantially filled with the filler material.

In a second embodiment of the invention, when the artificial reef unit is
designed to provide an area for the propagation of marine life, it is preferable
that some or all of the compartments are only partially filled with the filler

material so as to leave spaces for fish and other marine creatures.

In this second embodiment, the edges of the compartments at the second end
of the tube may be frayed to make the artificial reef unit more marine

friendly. The frayed edges resemble fronds of seaweed.

The filler material may be sand or any other material from the area where the
artificial reef unit is located. Alternatively, suitable filler material can be

imported from an external source.

The nature of the filler material in the various compartments of an artificial

reef unit may be varied. For example some compartments, particularly those
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abutting a fixed structure such as a pier or wall or pipeline, may be filled with
a cementitious material, while others of the compartments may be filled with

sand or gravel.

The tube and the dividing walls may be made from any suitable flexible
material. Although the material must possess some degree of flexibility, the
degree of flexibility may range from very flexible up to semi-rigid. The
flexible material may be for example a plastics material such as for example a
co-extruded or a bi-axially extruded plastics material; a plastics mesh
material; a plastics laminate material such as for example a laminate of a
plastics material and a metallic material or a textile material; a metallic
material; a woven or non-woven textile material; a paper or cardboard

material; and the like.

The flexible material is preferably a suitable plastics material.

The tube may have any suitable height and any suitable compartment size.
For example, the height of the tube may range from 100 mm to 10m and each
compartment may have a wall length of from 5 mm up to 2m. In certain
instances, it may be desirable for the outer walls to be longer than the inner
dividing walls at the first end. This allows for the extra material to be tucked
underneath one or more of the compartments to prevent loss of filler material

by undermining.

The compartments in the tube may have any suitable cross-section, such as

triangular, square, hexagonal or octagonal, but preferably have a square
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cross-section, i.e each compartment is defined by four walls of substantially

equal length.

The cross-sectional size of the compartments may reduce or increase in size in
the tube. For example, the compartments may be of three different sizes,
with the cross-sectional size of the compartments in a first row and in one or
more rows adjacent the first row being greater than the cross-sectional size of
the compartments of one or more rows intermediate the first and last rows of
compartments, which in turn have a greater cross-sectional size than the
cross-sectional size of the compartments in the last row and in one or more

rows adjacent the last row of compartments.

The use of compartments with different cross-sectional sizes is described in
more detail in co-pending application PCT/IB99/00967 which is incorporated

herein by reference.

According to a second aspect of the invention there is provided an artificial

reef unit formed as described above.

According to a third aspect of the invention there is provided an artificial reef
formed from a plurality of artificial reef units, placed in series, each artificial

reef unit being formed as described above.

According to a fourth aspect of the invention there is provided a method of

forming an artificial reef unit under water on a base which comprises the steps

of:
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(a) locating a tube of a flexible material divided by dividing walls of a
flexible material into an array of compartments or cells running the
length of the tube, the compartments being arranged in rows and
columns so that the tube divided by dividing walls has a honeycomb
structure, with the axes of the compartments substantially parallel to the
base;

(b) constricting the compartments at a point between the two ends of the
tube;

(c) securing the tube in position on the base using flexible and/or rigid
elements attached to a fixed object, e.g the base; and

(d) at least partially filling some or all of the compartments with a filler
material to hold the tube in position on the base to form the artificial

reef unit.

According to a fifth aspect of the invention there is provided an artificial reef

unit formed as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of a first artificial reef unit of the invention;

Figure 2 is a schematic view of a second artificial reef unit of the
invention;

Figure 3 is a schematic view of a third artificial reef unit of the
invention;

Figures 4a  are schematic plan views of respective artificial reefs formed

and 4b  from artificial reef units of the invention;
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Figure 5 is a schematic view of a fourth artificial reef unit of the
invention;

Figure 6 is a schematic view of a fifth artificial reef unit of the
invention;

Figure 7 iIs a schematic view of a sixth artificial reef unit of the
invention;

Figure 8 is a schematic view of a seventh artificial reef unit of the
invention;

Figure 9 is a schematic view of an eighth artificial reef unit of the

invention; and
Figure 10 is a schematic view of a ninth artificial reef unit of the

invention.

DESCRIPTION OF EMBODIMENTS

The crux of the invention is a method of forming an artificial reef unit under
water on a base, and an artificial reef unit so made. This will be described in

more detail with reference to the accompanying drawings.

Referring to Figure 1, there is shown a profile of a sea shore. The area above
the high tide mark, i.e the shore is indicated by the numeral 10, the high tide
mark is indicated by the dotted line marked H, the low tide mark is indicated

by the solid line marked L, and the sea bed is indicated by the numeral 12.

Located on the sea bed 12 which forms the base, is an artificial reef unit 14.
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The artificial reef unit 14 consists of a tube 16 of a flexible material divided
by dividing walls 18 of a flexible material into an array of compartments 20
running the length of the tube 16. The compartments 20 are arranged in rows
and columns so that the tube 16 divided by the dividing walls 18 has a
honeycomb structure. A first end 22 of the tube 16 is located on the sea bed
12 and a second end 24 of the tube 16 is located above the first end 22 of the

tube 16 and under water at all times.

The tube 16 is secured in position on the sea bed 12 using flexible strings or
stays 26, only two of which are illustrated, which in turn are secured to the
sea bed 12 by means of anchors 28. These flexible stays 26 anchored into the

sea bed 12 serve to hold the tube 16 in position.

The compartments 20 of the tube 16 are all substantially filled with a filler
material such as sand or gravel pumped from the sea bed 12 around the
artificial reef unit 14 and into the compartments 20. Thus, the compartments

20 support one another.

It can be seen that the side 30 of the tube 16 facing open water, is curved to
dissipate wave action. A portion 32 of the tube 16 is convex in cross-
sectional shape and a portion 34 of the tube 16 is concave in cross-sectional
shape so that a wave indicated schematically by the arrow 36 striking the side

30 of the tube 16 is rolled up and over away from the shore 10.

The artificial reef unit 14 is illustrated in position on the sea bed. However, a
similar artificial reef unit 14 may also be located on the floor of a river or a

dam or any other body of water.
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It is also to be noted, that the artificial reef unit 14 is filled with a filler
material such as sand or gravel pumped from the sea bed 12 around the
artificial reef unit 14.  Alternatively, a suitable filler material may be
imported such as for example quarry materials, crushed building waste, mine
waste aggregates, and the like. Further, in certain circumstances, some or all
of the compartments may be filled with a cementitious filler material such as
for example concrete, soilcrete, grouts, no-fines-concrete and the like. Other
suitable filler materials also include a chipped foam or rubber material and the

like.

Referring to Figure 2 there is shown a second embodiment of an artificial reef

unit 40 located on a sea bed 42 below the water line 44.

This artificial reef unit 40 is again constructed from a tube 46 of a flexible
material divided by dividing walls 48 into a plurality of compartments 50
running the length of the tube 46, with the compartments 50 being arranged in
rows and columns so that the tube 46 divided by the dividing walls 48 has a
honeycomb structure. A first end 52 of the tube 46 is located on the sea bed
42 and a second end 54 of the tube 46 is located above the first end 52 and

under the water line 44.

The tube 46 may be secured in position as illustrated in Figure 1.

The compartments 50 of the tube 46 are only partially filled with a filler

material 56 to provide spaces 58 thereabove to be occupied by marine life.
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The edges of the compartments 50 may be frayed as illustrated to make the

artificial reef unit 40 more marine friendly.

As indicated above, the artificial reef unit 40 is not designed primarily for the
dissipation of wave action to protect a shore line, but is designed to provide a
habitat for the propagation of marine life. In use, fish, shell fish, seaweed
and the like take up residence in the spaces 58 created in the compartments

50, as they would use crevices in a natural reef.

The artificial reef unit 40 may also be used for intensive aquaculture. For
example, a net or the like may be placed over the open ends of the

compartments 50 to retain marine life in the compartments 50.

In this case, the artificial reef unit 40 is constructed from a single tube 46.
Alternatively, the reef unit 40 may be constructed from more than one tube,
as shown in phantom lines. In this latter case, if the additional tubes are to be
filled with filler material, an appropriate base is provided below each tube to

prevent loss of filler material.

Referring to Figure 3 there is shown a third embodiment of an artificial reef

unit 60 located on a seabed 62 under the water line 64.

In this case, a tube 66 of a flexible material divided by dividing walls 68 into
a plurality of compartments 70 running the length of the tube 66, is located on
its side on the sea bed 62 so that the axes of the compartment 70 are

substantially parallel to the sea bed 62.
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The tube 66 is constricted at a point 72, for example by placing a flexible

string around the tube 66 and drawing the ends together, as illustrated.

The tube 66 is secured in position on the sea bed 62 using flexible or rigid

strings or stays, as illustrated in Figure 1.

Some of the compartments 70, particularly those lying the on the sea bed 62
are filled partially or completely with a filler material 74 to hold the tube 66
in position on the sea bed 62.

Again, the artificial reef unit 60 provides a habitat for marine life as described

above.

Referring to Figure 4a, there is shown a plan view of an artificial reef located
off a shore 80. The artificial reef is composed of individual artificial reef
units 82 arranged in series as illustrated. There may be spaces 84 between the
artificial reef units 82 to permit the passage of boats and the like. An
alternative arrangement of reef units 82 and spaces 84 is illustrated in Figure

4b.

The artificial reef units of the invention may also be used to protect or support
fixed structures located under water, for example piers, walls and pipelines,

and variations of this are illustrated in Figures 5 to 10.

Referring to Figure 5 there is shown an artificial reef unit 100 which again
consists of a tube 102 of a flexible material divided by dividing walls 104 of a
flexible material into an array of compartments 106 running the length of the

tube 102. The sides 108 of the tube 102 are cut at an angle to assist in
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dissipating wave energy. The tube 102 also includes a circular cut out 110 so
that the tube 102 may be located over a pipeline 112 which is located on the
sea bed 114.

The compartments 106 may be filled with any suitable filler material. For
example, certain of the compartments 106 may be filled with a cementitious
material so as to secure the artificial reef unit 100 and to protect the pipeline
112, and other of the compartments may be filled with sand or gravel or the
like. Alternatively, all of the compartments 106 may be filled with sand or

gravel or the like, to provide a marine friendly habitat.

Referring to Figure 6 there is shown an artificial reef unit 120 which consists
of two tubes 122, 124. Each tube 122, 124 is made of a flexible material and
is divided by dividing walls 126 of a flexible material into an array of
compartments 128 running the length of the tubes 122, 124. Again, each tube
122, 124 includes a semicircular cut out 130, 132 to accommodate a pipeline
134. Again, the compartments 128 may be filled with a suitable filler
material to locate the tubes 122, 124 in position around the pipeline 134 and

to protect it.

Referring to Figure 7 there is shown an artificial reef unit 140 which consists
of a tube 142 of a flexible material divided by dividing walls 144 of a flexible
material into an array of compartments 146 running the length of the tube
142. Located through the artificial reef unit 140 are a series of small pipes
148. Again, the compartments 146 are filled with a suitable filler material to
hold the artificial reef unit in position on a sea bed or a dam bed or the like.

The pipes 148 provide a habitat for marine or dam life.
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Referring to Figure 8 there is shown an artificial reef unit 160 which again
consists of a tube 162 of a flexible material divided by dividing walls 164 of a
flexible material into an array of compartments 166 running the length of the
tube 162. The side 168 of the tube 162 is sloped as indicated. The artificial
reef unit 160 is located in position -against a wall 170, for example a harbour
wall or the like. The compartments 166 are filled with a suitable filler
material. In this case, it is preferable that the compartments 166 adjacent the
wall 170 are filled with a cementitious material such as for example concrete,
while the remainder of the compartments 166 may be filled with another type
of filler material such as sand or gravel. The artificial reef unit 160 acts to
protect the wall 170 against wave action, and against undermining and the
like. If necessary, an additional tube 172 may be provided to assist in
protecting the wall 170. The tube 172 is arranged to subside if any
undermining does occur, thereby presenting an additional barrier to protect

the wall 170.

Referring to Figure 9 there is shown an artificial reef unit 180 which consists
of three tubes 182, 184 and 186. Each tube 182, 184, 186 is formed of a
flexible material and is divided by dividing walls 188 of a flexible material
into an array of compartments 190 running the length of the tubes 182, 184,
186. It can be seen that the compartments 190 in the tube 182 are of a greater
cross-sectional size than the compartments 190 of the tube 184, which in turn
are of a greater cross-sectional size than the compartments 190 of the tube
186. This has advantages in certain circumstances. Additionally, the outer
dividing walls 188 may be longer than the inner dividing walls 188. As a

result, the extra material 194 can be tucked under the first few rows of
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compartments 190 of the respective tubes 182, 184 and 186 to prevent the loss

of tube material if used.

Again, the artificial reef unit 180 is located against a wall 192 such as for
example a harbour wall or a dam wall or the like. The artificial reef unit 180

performs the same function as the artificial reef unit 160.

Referring to Figure 10 there is shown an artificial reef unit 200 which is
partially cut away. The artificial reef unit 200 encircles a pier 202 for
protection thereof. The artificial reef unit 200 consists of a tube 204 of a
flexible material divided by dividing walls 206 of a flexible material into an
array of compartments 208 running the length of the tube 204. Again, the
compartments 208 may be filled with a suitable filler material to hold the
artificial reef unit 200 in position around the pier 202, and to protect the pier
202. The artificial reef unit 200 again stops undermining of the pier and
prevents mechanical damage to the pier. An extra section 210 of flexible
material can once again be provided to prevent loss of filler material by

undermining.

As indicated above, the artificial reef units of the invention can be installed as
single continuous units or as banks of units to allow for some flow of water.
The artificial reef unit and reefs formed therefrom can be used to absorb wave
energy and to stop large waves breaking onto a shore and thus to protect
beaches from erosion. The artificial reef units and reefs can also be used to
deflect currents toward or away from harbours, river mouths, marinas and the
like. The artificial reef units and reef units formed therefrom can also be

used to form sea walls for dredging operations to take place.
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The advantage of the artificial reef unit of the invention and of the method of
making it, is its ease of construction and the fact that it is made from
relatively inexpensive materials, and the fact that it can easily be shaped to

meet requirements.
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CLAIMS

1 A method of forming an artificial reef unit under water on a base
comprises the steps of:

(1) locating a tube of a flexible material divided by dividing walls of a
flexible material into an array of compartrrlxents or cells running
the length of the tube, the compartments being arranged in rows
and columns so that the tube divided by the dividing walls has a
honeycomb structure, with a first end of the tube on the base and a
second end of the tube above the first end of the tube and under
water;

(2) securing the tube in position on the base using one or more
flexible and/or rigid elements attached to a fixed object, e.g the
base; and

(3) at least partially filling some or all of the compartments with a
filler material so that at least some of the compartments are
adjacent two or more other compartments filled with a filler
material to support and be supported by the adjacent

compartments.

2 A method according to claim 1 wherein a side of the tube facing open
water in use is profiled to dissipate wave energy by deflecting the

waves.

3 A method according to claim 2 wherein a portion of the tube from the
first end of the tube to a mid point of the tube is convex in cross-

sectional shape and a portion of the tube from the mid point of the tube
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to the second end of the tube is concave in cross-sectional shape so that
a wave striking the side of the tube is rolled up and over away from the

shore.

4 A method according to any one of claims 1 to 3 wherein in step (2) of
the method of the invention a flexible string or a rigid stay is located
through a row of compartments at or near each outer row of the array
and a flexible string or a rigid stay is located through a column of
compartments at or near each outer column of the compartments, the
ends of the strings or stays being attached to fixed objects to support the

tube in position.

5 A method according to any one of claims 1 to 4 wherein the tube

includes compartments with at least two different cross-sectional sizes.

6 A method according to any one of claims 1 to 5 wherein the tube and

the dividing walls are made from a suitable plastics material.

7 A method according to any one of claims 1 to 6 wherein in step (3) all

the compartments are substantially filled with the filler material.

8 A method according to any one of claims 1 to 6 wherein in step (3)
some or all of the compartments are only partially filled with the filler

material so as to leave space for fish and other marine creatures.

9 An artificial reef unit for location under water on a base comprises a

tube of a flexible material divided by dividing walls of a flexible
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material into an array of compartments running the length of the tube,
the compartments being arranged in rows and columns so that the tube
divided by the dividing walls has a honeycomb structure, a first end of
the tube being located on the base and a second end of the tube being
above the first end of the tube and under water;

one or more flexible or rigid elements for securing the tube in position
on the base, the elements being attached to a fixed object; and

a filler material filling some or all of the compartments so that at least
some of the compartments are adjacent two or more other compartments
filled with the filler material to support and be supported by the adjacent

compartments.

10 An artificial reef comprises a plurality of artificial reef units according

to claim 9, placed in series.

11 A method of forming an artificial reef unit under water on a base
comprises the steps of:

(a) locating a tube of a flexible material divided by dividing walls of a
flexible material into an array of compartments or cells running
the length of the tube, the compartments being arranged in rows
and columns so that the tube divided by dividing walls has a
honeycomb structure, with the axes of the compartments
substantially parallel to the base;

(b) constricting the compartments at a point between the two ends of
the tube;

(c)  securing the tube in position on the base using flexible and/or rigid

elements attached to a fixed object, e.g the base; and
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(d) at least partially filling some or all of the compartments with a
filler material to hold the tube in position on the base to form the

artificial reef unit.

12 An artificial reef unit for location underwater on a base comprises:
a tube of a flexible material divided by dividing walls of a flexible
material into an array of compartments running the length of the tube,
the compartments being arranged in rows and columns so that the tube
divided by dividing walls has a honeycomb structure, the tube being
located on the base with the axes of the compartments substantially
parallel to the base;
constricting means for constricting the compartments at a point between
the two ends of the tube;
flexible or rigid elements for securing the tube in position on the base by
being attached to a fixed object; and
a filler material at least partially filling some or all of the compartments

to hold the tube in position on the base to form the artificial reef unit.
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