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A MODULAR CELL AND MATRIX FOR SUPPORTING A LOAD BEARING FEATURE

TECHNICAL FIELD

Desecribed herein is @ modular cell for supporting a load bearing feature and ratrix formed from

5 rmulliple cells. More specifically, 8 modular cell and rmatrix are described herein to be used under
aload bearing feature such as a roadway or waltkway. Each cell, and collectively a matrix of the
cells, contains a void space or spaces suitable for water collection or ta act as a rooting area for

plants and trees.

10 BACKGROUND ART

A modular cell is described adapted to form a matrix of cells to support a load bearing feature
such as a roadway, pavement ar walkway while at the same time providing an area within the
structural frame of the cell or matrix for a tree root network and/or service pipes. The cell matrix
is sufficientty strong to not reguire filling and oan instead be used as a reservoir or water

15 coftection area beneath a load bearing feature. The cell or matrix aims to accommodate the
combined needs of frees, tree roots, storm water run off, roadways, pavements and walkways so
that they all can co-exist in their interaction within the urban and suburban environment.

With respect to the rooting embediment, there is a desire to introduce tress or plant matter into
the landscape in order to make the urban and suburban environment more aesthetically pleasing

20 and mare conducive to good healthy living.

Nonetheless it is well recognised that plants and especiatly larger trees require a certain amount

of space within these poputated areas if they are going to develop into mature plants offering the

benefits of shaded foliage, water retention, coofing, aesthetics and so forth to the surrounding

area. Trees are referred to hereafter but it should be appreciated that the same analogy may be
25 made of plants generally especiafly for larger plants.

For the most part, town planning has seen the planting of trees in urban and suburban areas to
grow in close proximity to pavements and watkways 50 that the benefits of the tress can be
enjoyed by those pedestrians utilising such features.

It is well recognised that for trees to successfully grow they reguire nutrient rich soits with the
30  appropriate levels of moisture and sufficient drainage to allow the tree’s root:system to pass there
through.

Alternatively, roadways, pavements, walkways and the like require a compacted and well
supported soil structure to keep the positioned pavers or concrete in place thereby avoiding any
structural damage to the construction and during the time of Joad bearing.

35 Hence if trees are going 0 be planted in urban and suburban areas around roadways,

pavements and/or walkways there may be a predicament as to whether or not ong needs to ook
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after the trees and thereby provide low compact sail suitable for root growth or aliernatively
compact soils which provide the niecessary load bearing support for the relevart roadway,
pavement and/or watkway which, as noted above, would make it unconducive for the roat system

of the tree to develop.

More efficient water usage and storage is also a pressing issue in dry seasons-or in dry climates
yet water run off may often be lost through failure to capture rain and the like.

There are alse increasing envirenmental standards requiring the capture of polkutant run off from
hard surfaces.

There also needs to be sufficient area avaitable for utilities such as piping and wiring to pass
through the ground or other structures.

One solution described in PCT/AU2010/001034 is a modular cell adapted to farm a structural
frame of cells for supporting a load bearing feature while at the same time providing an area
within the structural frame for a tree root network and/or service pipes. This design represented
a major improvement on the art especially in terms of strength and load bearing capacity. One
difficulty though was thiat the legs of this design alternated in position hence there was not a
single continuous load bearing member when multiple cells were stacked vertically. A further
difficulty was that the opening at the top of the modular cell was fimited in size and made it
difficult to ensure soif transfer through the opehing and to all void spaces in the cell. In addition
the walls of the cell could cause segmentation with water not flowing to all vaid spaces and the
celt walls could also restrict access for farger service pipes to pass through the celis.

It should be appreciated that it would be useful to provide a modular cell and matrix using the
cells which is able to accommodate the needs of both trees and utility lines and/or water
collection and utility lines, as well as mesting the physical engineering requirenients of supporting

a load bearing feature, or at least to provide the public with a choice.

Further aspects and advantages of the modular cell and matrix will become apparent from the
ensuing desaription that is given by way of example only.

SUMMARY

Desgcribed herein is a modular celt and matrix formed using multiple cells for supporting a load
bearing feature. A matrix formed using the cells is sufficiently strong to hold a toad without filling
of the cell void spaces hence may be used as a reservoir space or instead, may be fitled with
soit and the void space in the cells used to form a rooting area undemeath the load bearing

feature.

In afirst aspect, there is provided a modular cell adapted for use with other cells to form a matrix
under a load bearing feature, the cell being a single piece moulding that supports a compressive
load placed thereon, the moulding including a void space defined by:
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{a) a skirt shaped support member defining a substantially planar surface with an
opening therein; and

{b) atteast one leg integrat to and extending from the support member; and

wherein the cell is suitable to receive a separate linking member or members to releasably link

togsther multiple celis to form a matrix of cells in both a vertical and a horizontal plane.

In & second aspect, there is provided a matrix under a load bearing feature, the matrix being
made up of a plurality of modular cells substantially as described above whersin the cells are
linked together vertically and/or hovizontally.

In a third aspect, there is provided a method of forming a load bearing matrix using the cell
substantially as described above, the method including the steps of:

{a) excavating a pit area into which the matrix will be positioned,;

(b} creating a first horizontal layer of cells and interconneacting the cells using the linking
member of members;

{c} placing atleast one further fayer of cells onto the first fayer, aligning the leg or legs of
each cell such that an applied load is transferred continuously down through the legs
of the matrix structure and interconnecting the cells using the linking member or
members; and

() placing a load bearing feature over the matrix.

In a fourth-aspect, there is provided a method of farming a load bearing matrix using the cell
substantialty as described above, the method including the steps of.

{a) excavating a pit area inte which the matrix will be positioned;

(b) creating a first vertical tayer of cells and interconnecting the cells using the linking

member or members;

{c} placing at least one further layer of cells alongside the first layer, aligning the feg or
legs of each cell such that an applied load is transferred continuousty down through
the tegs of the matrix strusture and interconnectinig the cells using the linking member

or members; ard
{d) placing a load bearing featurs aver the matrix.

Advantages of the above described modutar cell and matrix include greater load bearing
capacity and rigidity through atigned legs to carry the weight as well as interlinking
members that act to share the foad among the various cells. The design also requires less
material hence is cheaperto produce. The void space is also easily accessed hance

allowing for easy access, filling and laying of utility lines where heeded.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects of the modular cell and matrix will become apparent from the following
description that is given by way of example only and with reference to the accomparnying
drawings in which:

Figure 1 ilustrates a perspective view of the modutar cell without the separate linking
members;
Figure 2 iflustrates a perspective view similar to the representation in Figure 1, but also

including linking members in this embodiment being caps providing a vertical
finkage between cels and lateral elongated rods praviding a horizontal linkage
hetween cells;

Figure 3 ilfustrates a perspective view showing the modutar celis taterally and vertically
interconnected;
Figure 4 fllustrates a perspective view of an alternative embodiment of a modular cell with

the linking members remaoved;

Figure 5 ilustrates a perspective view of a vertical linking member used with the cell of
Figure 4;

Figure 6 ilhustrates a perspective view of a horizontal tinking member used with the cell of
Figure 4;

Figure 7 itustrates a perspective view of a horizontal matrix of the cells of Figure 4 finked
together;

Figures 8a. 8b and 8¢ ilfustrate a perspective, ptan and bottom view of 8 horizontal and

vertical matrix of the cells of Figure 4 linked together;
Figure 9 itustrates a section side view of cells nested together for storage and fransport;

Figure 10 illustrates a section side view of cells linked about an uneven surface illustrating
how the matrix can cater for vanation in ground surface contours;

Figure 11  illustrates an alternative circular shaped support member with mating sections and
tinking members not shown;

Figure 12  illustrates a cross-section of a matrix in situ;

Figure 13  illustrates a perspective view from above of a grating that may be used in a cell;
Figure 14 illustrates a top view of a grating;

Figure 15 illustrates a side view of a grating;

Figure 16  illustrates a perspective view from below of a grating;

Figure 17  illustrates a perspective view from above of a cell with a grating placed onto the top
apening of the cell;



WO 2014/161039 PCT/AU2014/000356

Figure 18 Hlustrates a cross section perspective view of & cell incorporating a grating;
Figure 18 illustrates 3 cell matrix with gratings placed on the top layer of cells;

Figure 20  ilustrates a perspeciive view of a cell with a base member attached;
Figure 21  illustrates a perspective view of one embodiment of a base member; and

5 Figure 22  ilustrates a view from above of one embodiment of a base rmember.

DETAILED DESCRIPTION

As noted above, described herein is 8 modular celf and matrix formed using multiple cells for
supporting a load bearing feature. A matrix formed using the cells is sufficiently strong to hold a

10 load without filling of the cell void spaces hence may be used as a reservoir space or instead,
may be filled with soil and the void space in the cells used to form a rooting area underneath the
load bearing feature.

For the purposes of this specification, the term ‘about’ or ‘approximately” and grammatical
varigtions thereof mean a guantity, tevel, degree, valug, number, frequency, percentage,

15 dimension, size, amount, weight or length that varies by as much as 30, 25, 20, 15,10, 9, 8,7, 6,
5,4, 3, 2, or 1% to a reference quantity, level, degres, value, number, frequency, percentage,
dimension, size, amount, weight or length.

The term ‘substantially’ or grammatical variations thereof refers to at least about 50%, for
example 75%, 85%, 95% or 98%.

20 The termy 'comprise’ and grammatical variations thereof shall have an inclusive meaning - i.e.
that it will be taken to mean an inclusion of not only the listed components it directly references,
but also other non-specified components or elements.

The term 'load bearing feature’ and grammatical variations thereof refers to roadways,
pavements and walkways or other features on which a load such &s a vehicle or structure may
25 be apphied.

The term ‘tooless’ or grammatical variations thereof refers 1o a mechanism that does not require

a separate tool to operate the mechanism.

The terms ‘upper’ and ‘lowey’ when used refers o the arentation of the cell when in situ L.e. legs
facing towards the bottom of the pit, the leg endings being the lower portion of the cell in situ and

30  the suppert member facing towards the load bearing festure, being the upper portion of the cell in
situ.

In a first aspect, there is provided a modular cell adapted for use with other cells to form a matrix
unider a load bearing feature, the cell being a single piece moulding that supports a compressive

inad placed thereon, the moulding including a void space defined by:

35 (a) askirt shaped support member defining a substantially planar surface with.an
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opening therein; and
(b} at least one leg integral to and extending front the support member; and

wherein the cell is suitable to receive a separate linking member or members to releasably link

together multiple cells to form a matyix of cells in both a vertical and a horizontal plane.

The support member shape may be a circular or semi-circular skirt. The skirt may be polygon

shaped. In one embodiment, the skirt may he substantially rectilinear polygonal shaped.

Multiple celts may be linked togsther via the linking member or members toolessly and without
the need to use separate fasteners. As may be appreciated, this speeds assembly and avoids
the added expense of labour and materials atiributable to fasteners or tool use. Tooless
assembly also keeps the assembly process simple and reguires minimal skill to assenibie.

When muitiple celis are stacked vertically, the leg or legs of each cell may substantially align
vertically such that an applied compressive load front a hard surface is transferred continuously
through the legs of the matrix structure to a surface on which the matrix is placed. This design
avercomes some of the drawbacks of art designs by offering a continuous foad structure (the cell
leg or legs).

The above design has a compressian strength when in matrix format to withstand the weight of
a load bearing feature (and any load on that feature) without needing to be filled or reinforced by
other materials such as soil. The compression strength of the cell may be greater than at least
approximately 200kPa. As may be appreciated, this compression strength may be equal to or
greater than is typical for art cell designs. The cell strength may be greater than or equal to
approximately 300kPa. The matrix strength incorporating the celts may be higher again — as
may be appreciated, when the cells are finked together as a matrix, the cells share an applied

load and therefore have a greater strength than one cell used alone.

The celt may be manufactured from plastic. The cell may be manufactured from recycled
plastic. The cell may be further strengthened by the addition of glass fibres into the plastic. In
the inventor's experience, introduction of glass fibres can double the compressive strength of the
celf versus a non-glass fibre cell. As may be appreciated, use of glass fibres may be optional
and only for high foading applications.

The above design further meets various lcading standards without needing to choose specific
soit fill type{s). The strength of some art cells may be dependent on the aggregate profile used
to fill the cells and this aggregate profile is critical as the art cell structure itself may offer little
strength. The cell structure described herein is strong enough to not need any filf at all and
support a foad, or at least does not require the same care and attention of aggregate profile
selection as what some art cells may require. As may be appreciated, the ability to avoid so
much care in aggregate sefection means the cell described herein may be more versatile than
the art as a range of soil/aggregate types may be used or, even no soit fill may be a useful
embodiment for example, where the cells are used to form & void space used as a reservoir.
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Afurther advantage of the above design is thiat it may be possible to minimise, or avoid
aftogether, compaction of soit used in the cell matrix yet still achieve desired strength unlike art
cells that may require at least some compagction to gain the desirad level of compression

strength {up to 80% compaction).

Each cell may have avoid space of at least approximately 80% of the cell volume. Each cell
may have an unsegmented veid space of at least approximately 80%. In one embodiment, the
void space or space available for water storage or rooting space may be at least 85%. As may
be appreciated, greater void space means more volume is available for rooting and/or liguid
coflection. Also important when considering void space is segmentation — some designs can
have considerable void space but that 'space is not avaitable for rooting or for liquid storage.

The above described cell has all of the described void space available and free of segmentation.

As noted above, the void space within the celf or cells may be filled with soil and used to support
a rooting area within the matrix. This is a typical application of such cells and the above
described cell is particularty useful for this awing to littte segmentation of the void space within
the cell whilst also improving load bearing strength.

The above deseribed open void structure leads 10 easy flow of water throughout the structure

thereby avoiding dry regions or segments within the cells.

Afurther advantage of the above design is that the cells, when in miatrix form, are easy to fill with
soif since each celt support member has a sizable opening sufficient to allow easy tipping of soil
into the void space and the opening is continuous through to the bottom of the excavated area in
whiich the cells are placed. Alsg, since there is a continusus view threugh the openings to the
base of the matrix, it is possible to, from a viewpoint above a constructed matrix, visually inspect
the bottom of a matrix for construction or inspection purposes, and observe that filling oceurs in

all void spaces.

As noted above, there is no need to specify any particutar type of soit. The above cell design
handles a range of soil types and unlike art designs, there'is no need for specifying for example,
use of sandy dry soifs. It is envisaged that a range of soils may be added to the cells without
difficulty including but not limited to loams (unscreened), moist soils, bio-retention soils and
existing site soils. There is also no need to vibrate the soil into the matrix voids although this
could be completed if desired.

In a further embodiment, the soit filt may instead be a filiration media. For example, the filtration
media may be activated charcoal, zeolite or other highly porous transfer medium. Itis envisaged
that the celt filled with such filtration media may be used to remove contaminants from incoming
liquid thereby acting as a filter. Once example of this embodiment may be under or around
mitking sheds to catch fiquid run off and the filter such run off prior to further treatments. Another
example may be to use this filter embodiment around vehicle washing stations and treat or part
treat water run off from: such stations.

The actual area available for root growth may be substantially all of the full void volume. This is

7
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because there are no anticipated dry areas or areas that might not be filled with soll such as
segmented regions.

As noted above, the void space within the cell or cells may alternatively be used as a reservoir.
This form of application is' only possible due to the high compressive strength attained using the
abave deseribed design. Reservoir applications may be to capture water in general, stormwater
run off, grey water or to capture poliutants or poliuted water from entering waterways such as
rivers. In‘such reservoir embodiments, the pit in which the matrix is formed may be lined 50 as
to prevent egress of water from the reservoir volume. The reservoir may be designed so as to
capiure all run off. The reservoir may instead be desigred so as to capture and directionally
release the fiquid — for example, water collected may be released in a trickle manner via tubing
directing the liguid flow to plants neighbiouring the cell matrix site. The reservoir may also be

used as part of a flood control management strategy.

The void space within the cell of cells may be empty. In this embodiment, the internal walls of
the pit inta which the cell or cells are placed may be hined and for example used as described

abave to collect rainwater therein.

At least one utility ine miay pass through the void space in the cell or matrix of cells.  Utility lines
often pass through growing spaces and art products have had varying success in allowing easy
access for utility lineg. The above described cell has continuous spaces for easy utility line
access and placement. Utility lines include piping for stormwater management, sewerage
management and water. Utility lines may also encompass wiring stch as electrical wiring,
phone wiring and so on — such wires may be inside piping such 4s conduit piping.

The size of utility lines able to pass through the above described cells may be significantly larger
thian art designs. By way of example, utilities greater than or equal to approximately & inches in
diameter may pass through a matrix made issing the above described cells. In selected
embodiments, utitity ines may be up to 200mm in diameter. The open framework described
gives flexibility and altows for both straight and flexible utility lines.

The overall cell size may be varied to suit the desired application bitt, by way of illustration, may
be 300, or 400, or 500, or 600, or 700, or 800, or 900, or 1000mm i width from side o side of
the planar support surface and appreximately 100, or 200, or 300, or 400, or 500, or 600, or 700,
or 800, or 900, or 1000mm in height measured from the planar support surface to the distal end

of aleg.

As noted abave, the matiix formed using multiple cells may have continuous openings vertically
and/or horizentally. This design in hurn leads to either minimal or no segrmentation issues and

allows for a continuous rooting volume.

In one embodiment, the leg ending or endings may be shaped to complement a depression or
depressions in the support member of a second cell about the interface between the support
member of the sécond cell and the leg or legs of the first. The cells may be linked together
vertically via @ linking member {termed hereafter as a 'vertical linking member’) inserted between

8
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the leg ending or endings of afirst cell and the depression or depressions of a second cell. The

depression may be in the form of & cavity. While direct linking between cells may afso be

completed, the above approach of using a vertical linking thember may be advantageous for

strength and versatility plus this allows the use of hollow legs, a useful characteristic to decrease
5  the amount of material used to form the cells and to allow nesting of the cells during transport.

The leg or legs may have a cylindrical ¢r semi-circular cross-sectionat shape although other
polygonal shapes may alse be used.

The depression or depressions in the support member may correspond to an at least partiafly
hollow core within g feq or legs. In one embodiment, the leg or legs may be completely hallow.

10, The leg of legs may be atleast partially tapered to narrow as the leg extends fram the support
member. Theleg or legs may taper inearly inwards from the support member distal end
{greatest width) to the distal end or ends of the leg or legs (smallest width).

The vertical linking member may be a wedge adapted to engage the ending of a leg from a first
cell and also engage the depression in the support member or hollow leg opening from an
15 immediate cell situated below the first cell.

The wedge may be a circular cap adapted to frictionally fit the ending of the leg. The at least
paitly hollow opening of each leg {(or support member depression) may inctude an internat collar

on which the cap rests when one modular cell is vertically mounted upon another cefl.

The wedge or cap may have an internal rib configuration in order to link or fixably fit the

20 depression or leg hollow opening. Each wedge or cap may include an external shoulder
adapted to rest upon the internat collar of the hollow opening of the leg of a vertically adjacent
modutar cell.

The wedge provides the vertical connection between vertically mounted modular cells and
achieves a unique way to secure upper and lower cells in the matrix. No fasteners or tools are

25 required to link the separate cells, with the parts simply being lightly compressad together to
achieve the linkage:

The celt may include at least one mating section (termed hereafter as.a "horizontal mating
section’) as part of the moulding that releasably engages one distal end of a linking member
(termed hereafter as a ‘horizontal linking member’) and wherein the opposing distal end of the

30 horizontal linking member engages 2 horizontal mating section of a further cell thereby linking
the cells in a horizontaf plane. While the above has been described in the context of the section
or member being a separate item, one or both of these parts may be integral to the support
member and not separate parts.

The horizontal linking member may be an elongated rod. The elongated rod may have.a main
36  horizontal bady length defining the distance of separation in & horizontal plane between adjacent

modutar cells. The distance of separation may be equivatent to 20, or 30, or 40, or 50, or 60, or

70, or 80, or 80, or 100, or 110, or 120, or 130, or 140, or 150% of the cell width, The distance
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of separation may be substantially equivatent to that of the width of a cell. Such a distance of
separation may be beneficial sa as to limit the number of cells required to form a matrix thereby
reducing material costs to form :a matrix (for example, approximately 30-50% fewer cells

required than if no horizontal linking members were used).

The distal ends of the harizontal linking member may terminate with tabs. These tabs may

complementand fit into the shape of the horizontal mating section(s) of the cell.

The horizantal mating section(s) may have a socket shape that receives and fixably retains the
tabs of the horizontal linking member(s).

The horizontal mating section(s) may be located at two engagemerit points, corfigured at
substantialty right angles to each other. The two right angle engagement points may be located
at each corner of the support member skitt thereby enabling modular call construction to extend
in alt directions in a horizontal plane and for vertically constructed calumns of modular cells to be
evenly spaced in all directions. Inan alternative embodiment, one engagement point may be

used located about the apex of at least one corner of the support member skirt.

The use of the two engagement points configured at substantially right angles at each corner of
the support member skirt provides a canvenient way in which the modular cells can be joined
together. As noted above, single attachment points may be uséed but'a double engagement
point means easier building of a matrix and greater structurat strength for a given volume of
materials used. Platement of the engagement points at right angles in conjunction with the
support memiber shape means that the modular cell does not have to be aligned or adapted in
any particular orientation as a universal {it becomes available allowing a simple and
straightforward task in the construction of the structural frame both vertically and laterally.
Alternative arrangements of engagement points for support members having other shiapes (e.g.
hexagonal) are encompassed herein as should be appreciated by the skilled person. Ultimately,
engagement points may ideally be arranged such that a matrix can extended in all directions.

The modular cells can be instalied with or without the horizontal linking menibers. When the
horizontal linking nmembers are used, the end structure is an interconnected matrix with a great
deal of strength and rigidity. Also, despite using an interconnected structure, the parts are easy
to separate if needed, such as'when an area is excavated. The modular nature of the cells and
separate linking members means that it is easy to remove a small section of the matrix or even
an individual cell from the matrix. It is not necessary to remove hig peortions of the matrix
although this too is possible if desired. Interlinking during assembly also helps to retain the cells
in position during the assembly process.

The horizontal linking members may also provide tolerance to manage contour variation on a
horizontal support sufface. As may be appreciated, a pit into which the cells are placed may not
be perfectly flat. The connecting members between cefls may be slopad between cells thereby
addressing height variation in cells due to uneven ground. Inone embodiment, the slope of the
horizontal linking member may be atleast 1, 0r2, or 3, ord, or 5, 07 8, 0r 7, 0t 8, or 9, or 10

10
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degrees from a horizontal plane.

The cells may be shaped so that multiple cells may be nested togetherfor storage and
transportation. As noted above, the leg or legs may be characterised by having a substantially
hollow core and tapered length — in this embadiment, the leg or legs of one celt may fit into the
hollowed leg or legs of a subseguent cell and by fitting the cells together about the legs, the cells
may be nested closely together in this mannet. Linking members (horizontal and vertical) may
be stored and/or transported separately, these parts being camparatively small. A bag of such
linking members may for example be placed inside the void space of one bottom-most cell ina
nested stack of cells.

In a further embadiment, vertical linking members may be fitted at the interface between the
base of the legs of the cells an the bottom most tayer of the matrix and the substrate on which
the matrix is placed. 1t is envisaged that this embodiment miay be useful to increase the load
rating of the matrix applicable in potentially high loading applications. As should be appretiated,
it is not essential ta use the vertical members on the feg endings and for iower loading
applications, the linking members may niot be present.

A-cell or cells may also optionally include a grating.

The grating may be of a suitable size to engage the openinhg in the top of a cell defined within
the skirt shaped support member. In selected embodiments, the grating circumferance is
sufficiently large that, when fitted to a cell, the grating may be a snug fit into the cell opening.
The grating may include a solid border region with members inside the border region defining a
grating matrix of mesh pattern. The mesh pattern region may be slightly recessed inta the cell
operning when fitted to a cell relative to the border region of the grating. The mesh patiern
members may include twa thicker members that define the central intersecting members and
cther relatively thinner members surrounding these thicker members. The exteriorof the grating
border region may have an inverted L-shape, the acute angle region or interior of the L-shape
conforming to the shape of the cell opening. Part of the L-shape region may extend from the
solid border region of the grating to form a lip or flange that'engages the edge of the cell opening
and preverits the grating front falting through the cell opening. When fitted, the grating may rest
approximately flush with the celf top.

The grating may include-an enlarged corner so as to assist with handling the grating when

placing the grating onte a cell or when remmoving the grating from a cell.

The walls of the L-shape interior may include rib elements te increase the strength and rigidity of
the grating. The rib elements may also assist with ensuring a snug fit of the grating inte the cell
opening and, via friction between the grating rib elements and cell opening, prevent the grating

from disengaging the cell,

When gratings are used in a matrix of cells, they may be placed on the top celf layer only and
fower layers may not have the gratings.

In an alternative embodiment, the cell opening may have a recessed internal shoulder that acts
11
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to support g grating placed into the cell opening void.

An aim of the gratings may be to suppart particutar geo-composites and/or paving. Gratings
provide a greater surface area on which a substrate such as a path or road ortiles may be
placed and minimise void space underneath — the result is the avoidance of lacalised slumping
or even holes in the substrate about a cell opening void. Gratings may also give extra strength
and rigidity to the cell and/or matrix plus the help to distribute compressive load across matrix
and not just on single cells or single ceft legs.

Use of gratings may be optionat dependent on the {oadings needed plus depth of matrix - for
example, gratings may be more critical if the top of the celt matrix top is close to the surface.

In use, the celf gratings may be dropped o slotted into the cells priorto a substrate layer being
placed over the matrix. Ifthe cell matrix is {o be used for root growth, scil may be filled into the
cells and/or matrix, and the gratings fitted last.

The mesh spacing of the grating may be sized sufficient to let water pass through vet also give
structurat strength to dissipate load among multiple cells. The grating pattem used may be
varied andfor optimised {0 suit minimise materials and therefore cost yet also provide sufficient
strength and rigidity. 1t should be agpreciated that a cross hatch pattern is one means for
achieving this optimum but that other patterns such as a bike spoke pattern may also be used.

The gratings may be made from the same materials as the cells.

A base member may be placed between the cell or bottom layer of cells in a cell matrix and a

substrate on which the cell or matrix of cells are placed.

As may be appreciated from the above description of the vertical linking members, these
members may be fitted between the base of 3 cell leg or legs and the ground or substrate on
which the ceft or cells are placed. Use of individual linking members like this may be beneficial
to spread the point foad from a leg or legs onto the substrate and avoid localised deformation in
the oell or matrix level.

Other base load distribution parts may also be used instead of the vertical linking members. The
base may be a tray on which the cell or cells are placed. The base member may be formed as a
singte piece skirt shaped member with a central opening and wherein each leg of the cel links
with an enlarged section on the base member.,

The base may be a member fo interlock or engages the base of one or more legs. The
intertocking/engagement may be via the leg endings snugly fitting into a receiving portions on
the base in the manner of a male (leg) and female (base upstand) fitting.

The base may include at least one aperture.

In one embodiment, the base is formed as a skirt shaped member with an opening therein and
enlarged section in the member about the interlinking region or regions aof the member that link

with the teg-or legs of the cell. The skirt shaped member may include four sides complementing
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the shape of the opening in the cell skirt.

Enlarged sections about the leg ending may be used on the base complementary to legs of a
cell. The enlarged sections may be of a circular shape. The enlarged sections may have a
diarmeter approximately 1 (the same), or 2, or3, or 4 times larger than the digmeter of the leg

<1

ending. Each enlarged section may be linked to form the skirt shaped member using elongated
rods.

The base may be formed as a single piece, placed onto the substrate on which the cell or cell
matrix are to be built and the cell then fitted 1o the base.

It is envisaged that the base may only be used on the bottom of & cell matrix however this
10 should hot be seen as limiting as the base could be inserted for example between cell layers to
segregate layers in the matrix.

The base member may be manufactured from plastic and moulded into the desired shape.

An advantage of using the above base is to spread the point load (compressive downwards
force frorm the foad bearing feature) from the leg ending(s) to the ground or substrate on which
15 the cellor cell matrix is placed. A further advantage of a base may be to minimise and/or avoid
localised slumping or level variation in the cell or cell matrix due to a leg or legs depressing into
the substrate. A further advantage of the base may be to provide extra rigidity to the legs of the

base cell preventing them from splaying out or in relative to the normal {un-splayed) position.

In a second aspect, there is provided a matrix under a load bearing feature, the matrix being
20 made up of a plurality of modular cells substantially as described above wherein the cells are
linked together vertically and/or horizontally.

In a third aspect, there is provided a method of forming a matrix under a load bearing feature
using a cell substantially as described above, the method including the steps of:

{a) excavating a pit area into which the matrix will be positioned;

25 (by creating a first horizontal layer of cells and interconnecting the cells using the linking
member of members;

{o) placing at least one further layer of cells onto the first layer, aligning the leg or legs of
each celf such that an applied toad is transferred continuously down through the legs
of the matrix structure and interconnecting the cells using the linking member or

30 members; and

{d) placing a toad bearing feature over the matrix.

In a fourth aspect, there is provided a method of forming a matrix under a load bearing tfeature
using a cell substantially as described above, the method including the steps of:

{a) excavating a pit area into which the matrix will be positioned;

35 (b} creating afirst vertical layer of cells and interconnecting the cells using thie linking
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mernber or members;

{c) placing at least one further layer of cells alongside the first layer, aligning the leg or
legs of each celf such that an applied load is transferred continucusly down through
the legs of the matrix striscture and intercannecting the cells using the linking member

aor members; and
(d) placing a load bearing feature over the matrix.

In the above aspacts, before step (c) or step (d), the void space defined within the call matrix
may be filled with soil. More specifically, one horizonta! ar vertical layer may be assembled and
filled with soit and then a subsequent layer placed on top or alongside the first filled layer that is
then in fumn filled. Afternatively, a full matrix horizontally and vertically may be assembled and
then filled with soit prior to placing the load bearing feature such as a road surface on top of the

matrix.

Altermnatively, before step (), the pit area may be lined and then assembly of the matrix occurs
as described above. No soil or fill is placed within the matrix formed and the void space within
the cells is used a reservoir space to retain for example, stormwater run off.

During steps (b) or (c) above, a utility line or lines may be placed withirt the celt matrix void

space.

Steps (b) and (c) may be completed toctessiy and do not require any special tools or fasteners

to complete.

Optionally, in the above methods, after step (¢) and before step (d)}, the top of the cell matix
may have a grating or gratings placed into the openings of the top most celis.

Advantages of the above described moduiar cell and matrix using the cell include greater
load bearing capacity and rigidity through aligned legs to carry the weight as well as
interfinking members that act to share the load among the various cells. The design also
requires less material, may be assembled without tools and does not require separate
fasteners to retain the matrix together hence is inexpensive and simple to produce and
assemble. The void space is also easily accessed hence allowing for easy access, filling

and faving of utility lines where needed.

The embodiments described above may also be said broadly to consist in the parts, elements
and features referred to orindicated in the specification of the application, individually or
coffectively, and any or all combinations of any two-or more said parts, elements or features, and
where specific integers are mentioned herein which have known equivatents in the art to which
the ernbodiments relates, such known equivalents are deemed to be incorporated herein as of

individually set forth,

Where specific integers are mentioned herein which have known equivalents in the art to which
this invention relates, such known equivalents are deemed to be incorporated herein as if
individually set forth.
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WORKING EXAMPLES

The above described modular cell and matrix are now described by reference to specific

examples.

EXAMPLE 1

Figure 1 shows an embodiment of the modular cell (10) including a support member being a
main upper substantially rectilinear polygon shaped member shawn as (12) which includes four
sides (14) establishing a main support body that includes an upper opening (18).

The sides (14) of the support member {12) have at each corer, cylindrical columnar fegs (20).

Each leg (20) has a hotlow core shown by way of (23) and tapered side edge (21) such that
when the modular cells are stacked, for example during storage and/or transportation each of
the respective cvlindrical columnar legs (20) can nest with the hollow core (23) of a
cofresponding modutar cell.

The modutar cell (10) further includes an internal collar (25) which as shown in Figure 2 works in
combination with a vertical linking member shown in this embodiment as a cap (26) to engage a
peripheralend (34) of the cylindrical leg (20) of a corresponding madular cell (10) when the

modular celis (10)-are mountad vertically one upon the other.

Each cylindrical leg (20) includes two horizontal mating sections or engagement locations (22)
and {24) substantially at right angles o each other which are illustrated in greater detail in Figure
2. These engagement locations (22) and (24) attow for the horizontal linking member shown in
this embodiment as an elongated rod (32) t0 engage the respective slots (4Q) and (42) of each
of these engagement points {22) and (24) so that the modular cells (10} can be laterally
engaged.

Circular caps {26) which include an internal ribbing (28) are adapted to engage the general base
peripheral area (34) of each cylindrical leg {(20).

This circular cap (28) on its external surface includes & shoulder (30) which is configured so as
to rest and fix in place upan the internal collar (25) on the upper circular edge of a corresponding
{i.e. second) modular ceill (10) below the modular cell {10) which are stacked vertically one upon
the other.

The introduction of the cap (28) provides sacure connections hetween upper and lower modular
cells (10). Furiher, with the respective cylindricat legs (20) aligned, the overall ultimate crush
strength of the frame structure once constructed is increased.

As best seen in Figure 3, the modular cell (10) when vertically connacted between upper and
lower modular cells {10) has the cylindrical legs (20) aligned such that an applied load or crush
load is transferred directly down through the aligned evlindrical legs (20) providing impraved
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structural integrity to the assembled matrix of cells (10).

The horizontal linking members (32) include @ main horizontal or lateral tength (36) which can
define the spacing laterally between joined modular cells. At each distal end (38a) and (38b) the
horizontal linking member has tabs which are adapted to be inserted info the correspornding stot
{40) or (42} of the pair of engagement points (22) and (24) on each cylindricat feg (20). The
lateral tength (36) of the harizontal linking members (32) may be approximately equivalent to the
madular cell (10) widih.

The horizontal linking member arrangement atlows the modiar cells (10) to be interconnected in
a complete frame structure matrix. Columns. or legs (20) become evenly spaced in all directions
with no pre-alignment required i.e. establishment of the two engagement points substantially at
right angles on each of the cylindrical legs (20) positioned at each of the edges of the support
member (12) provide @ means and mechanism in which the frame structure can be constructed
vertically by mounting upper and lower medular cells tagsther through the use of the cap (28)
and then infer-cannecting eventy spaced modular cell laterally in all directions through the
connector members (32).

The support member defines an apening (16) that offers g greater area in the top of the modular
cell (10) to permit soil to be loaded more easity there through.

The larger openirigs shown by way of (18) between the respective cylindrical columnar legs (20)
provides a larger space for both the tree root network and also service pipes to be able to pass
there through.

EXAMPLE 2
Figures 4 to 10 illustrate an altemative shape of cell and linking members used to form a matrix.

The celf generally indicated by arrow (50) includes a support member region (51) and legs (52).
In this embodiment the horizontal mating sections (53) for horizontal linking members (56) are

shaped as squares rather than as circles as in Figures 1 to 3.

Figure & shows a vertical linking member (54), again heing a cap as in Figures 1-3 but with a
stightly different shape including an upwardly extending protrusion (55). This protrusion (55)
may mate with a complemeritary hole (not shown) in the base of a leg (52) of the celf {50).

Figure 6 show a horizontal linking member (56) in this embodiment being an slongated rod with
squared endings that mate with the horizontal mating sections (53) on the celt (50).

Figure 7 shows a horizontal matrix of celis (50} linked together using the elongated rods (56).
Caps (54} are shown inserted into the top of the legs (52). The bases.of the legs (52) also

inctude caps (54} with the protrusion (55) of each leg (52) inserted into a complementary hole
{not shown) in the base of the leg (52}. Using caps as part of the base may be useful in high

loading situations but may not be required in lower loading applications.
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Figures 8a, 8b and 8¢ show a dual horizontal and vertical matiix of cells (50). As can be seen,
the matrix includes distinct openings (57) verticalty and horizontally through which soil and/or

utifity lines rmay pass.

Figure @ illustrates how the cells (50) may be nested together for ease of storage and

<1

transportation. Being able to nest multiple cells (50) together cansiderably reduces the volure

thereby reducing transportation costs and making the cells easier to store.

Figure 10 illustrates how the ground on which the cells are placed does nat need to be
completely flat and some variation in ground contour can be catered for. As-shown in Figure 10,
the space between different cefls (50) is spanned by & rod orrods {56). The rods. may be on an

10 angle (59) to a horizontal plane meaning the interconnecting cells (50) may be offset by distance
(58).

EXAMPLE 3

15 As noted above, the skirt shaped support member may be in varying shapses. Figures 1 to 10
lustrate a rectilinear polygon shaped skitt. Figure 11 itlustrates an altemative circutar skirt
shape general shown by arrow (100). As can be seen in Figure 11, the support member (101)
still inctudes similar features of a substantially planar surface (102) with an opening {103} and
legs (104) extending from the support member {101).

20
EXAMPLE 4

Figure 12 illustrates an elevation cross-section view of a cell matrix instaligtion. A pit generally
indicated by arrow {201)is dug into compacted soil (202) surrounding the cell matrix (203) area.
The cell matrix area is filled with soil {not shown) into which a tree (204) is planted. A load

25 bearing feature (205) such as a footpath is laid over the cell matrix (203). The tree (204} is able
to grow in the sail contained within the cell matrix (203). The cell matrix (203) supports the lpad
bearing feature (205) and any load thereon such as pedestrians, vehicles and the like {not

shown).

30 EXAMPLE 5

Figures 13 to 19 illustrate g further variation in the design where gratings may be used. Gratings
300 may be helpful as a means 1o distribute a load force across the whole cell 301 or multiple
cells 301 in-a matrix 301A.

The grating 300 may be of a suitable size to engage the opening in the top of a cell 301. The
35  grating 300 includes a solid border region generally indicated by arrow 302 with thinner
members 303 inside the border region 302 defining a grating matrix. The thinner mernbers 303
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may include two thicker members 304 that define the central iniersecting members and relatively
thinner members surrounding these thicker members 304. The exterior of the grating border
region 302 is an inverted L-shape gengrally indicated by arrow 305, the interior of the L-shape
conforming to the shape of the cell 301 opening generally indicated by arrow 308. Part of the L-

shape forms a lip 307 that prevents the grating from Tatling through the cell 301 opening.

The grating 300 may include an enfarged corner 308 50 as to assist with handling the grating
300 when placing the grating 300 onto a celt 301 or when removing the grating 300 from a celf
301.

The walls of the L-shape interior 303 may include rib elements 30@ to increase the sfrength and
nigidity of the grating 300. The rib elernents 308 may also assist with ensuring & snug fit of the
grating 300 into the cell 301 opening and, via friction between the grating 300 rib elements 309
and cell 301, preverit the gratings 300 from accidentally disengaging the cell 301.

As shown in Figure 19, when gratings 300 are used, they may be placed on the top cell 301

layer only and lower fayers do not have the gratings 300.

EXAMPLE 6

Figures 20-22 ilustrate one form of base 400 that may optionally be used. In the example
shown, the base 400 is formed as a single piece skirt shaped member with a centrat opening
402. Each leg 401 of the cell 404 fits a complementary enlarged section 408 in the base 400.
Muitiple celis 404 may be used stacked on top or alongside the cell 404 shown in Figure 20. For

clarity, other cells in the matrix are not shown.

The legs 401 and base 400 enlarged sections 405 interiock or engage via the leg 401 endings
403 snugty fitting into reseiving portions 406 an the base 400 in the manner of a male {leg 401)
and female (receiving portion 406} fitting. Other means to link the parts (401 ,400) may be used
but-a simple snug fit is sufficient to spread the compressive downwards force on the leg 401 and
retain the leg 401 and base 400 together.

The enlarged sections as shown are circular in shape. As illustrated, the enlarged sections 405
may have a diameter approximately three times larger than the diameter of the leg 401 ending
403 — this particular ratio has been identified as a useful batance of strength, load distribution
and minimisation of materials.and parts. Each enlarged section 405 is linked using elongated
rods 407 to form the base 400.

The base 400 may be formed as a single piece, placed onto a substrate (not showrt) on which
the celt 404 or cell matrix are to be built and the cell 404 then fitted to the base 400. The base
400 may be manufaciured from plastic and moulded in the shape shown.

Aspects of the modular cell and matrix have been described by way of exarnple only and it
should be appreciated that modifications and additions may be made thereto without departing

from the scope of the claims herein.
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WHAT IS CLAIMED 15:

1.

10.

11.

12.

13

A madular celt adapted for use with other cells to form a matrix under a load bearing featurg,
the cell being a single piece moulding that supports a compressive Joad placed thereon, the

moulding including a void space defined by:

(a) = skirt shaped supgort member defining a substantially planar surface with an

opening therein; and
{b) atleast one lag integral to and extending from the support member; and

wherein the cell is suitatle to receive a separate linking member or members to releasably
fink together mudtiple cefls to form a matrix of cells in both a vertical and a horizontal plane.

The celf as claimed in claim 1 wherein the skirt is a substantially rectilinear polygonal shape.

The cell as claimed in claim 1 or claim 2 wherein multiple cells are linked together via the
finking member or members toolessly and without the need to use other fasteners.

The celf as claimed in any one of the above claims wherein, when multiple cells are stacked
vertically, the leg or fegs of each cell substantially align vertically such that an applied
compressive foad from a hard suiface is transferred continuously through the legs of the
matrix structure to a surface on which the mairix is placed.

The cell as claimed in any one of the above claims whierein the compression strength of the
cell is greater than at least 200kPa.

The cell as claimed in-any one of the above claims wherein each cell has a veid spaces of at
feast approximately 80%.

The ¢ell as claimed in any one of claims 1 to 5 wherein each cell has an unsegmented void
space of at least approximately 80%.

The cell as claimed in any one-of the abave claims wherein void space within the cell or cells
is filled with soill and supports a rooting area within the matrix.

The cell as claimed in any one of claims 1 to 7 wherein the void space within the celf ar celis
is filled with at least one filtration media.

The cell as claimed in any one-of claims 1 to 7 wherein the void space within the celi or cells

is empty.

The celt as claimed inany ong of the above claims wherein at least one utility fine passes
through the void space in the cell or matrix of cells.

The cell as claimed in any one of the above daims wherein, a matix formed using multiple

cells has continuous openings vertically and/ar horizontally.

The cell as claimed inany one of the above claims wherein the leg ending or endings are

shaped to complement a depression or depressions in the upper surface of a second cell
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14.

15.

16.

17.

18.

18.

20.

21.

23.

24,

28.

28.

about the interface between the upper surface of the second cell and the leg or legs of the
first and the cells are linked together via a vertical linking member inserted between the leg
ending or endings of the first celt and the depression or depressiors of the second cell.

The cell as claimed in claim 13 wherein the depression or depressions correspond to an at

least partiaily hollow core within a leg or legs.

The cell as claimed in any one of the above dlaims wherein the leg or legs are at least

partially tapered to narrow as the leg extends from the support member,

The cell as claimed in any ong of claims 13 to 15 wherein the vertical linking member is a
cap adapted to frictionatly {it the depression or hollow and the cap has an internal rib
configuration to fixably fit the cap to a leg ending.

The cell as claimed in any one of the above clairms wherein the cell includes at least one
horizontal mating section as part of the moulding that releasably engages one distat end of a
separate horizontal linking member and wherein the opposing distal end of the horizontal
linking member engages a horizontal mating section of a further cell thereby finking the cells
horizontally.

The celf as claimed in claim 17 wherein the horizontal linking member is an elongated rod.

The cell as claimed in claim 17 or claim 18 wherein the horizontal linking member length is
equivalent to between 20 to 150% of the celt width.

The celf as claimed in any one of claims 17 to 19 wherein the distal ends of the horizontal
linking member terminate with tabs that complement and fit into the shape of the horizontal
mating section(s).

The cell as claimed in claim 20 wherein the horizontal mating section have a socket shape

that receives and fixably retains the tabs of the horizontat linking member or members.

. The cefl as-claimed in-any one of claims 17 to 21 having at teast two horizontal mating

sections wherein the mating sections.are located at two engagement points, configured at

substantially right angles to each other.

The cslf as claimed in any one of the above claims wherein, during storage and/or

transportation, multipte cells nest tagether.
The celt as claimed in any one of the above claims including a grating or gratings in the celf
top opening.

The celf as claimed in any ong of the above claims including a base member adapted for
placement between the cell, or bottom fayer of cells in a cell matrix, and a substrate on

which the cell or matrix of celis are placed.

The cell as claimed in claim 25 wherein the base member is formed as a single piece skirt
shaped member with a central opening and wherein each leg of the cell links with an

enlarged section on the base raeniber.
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27. A matrix under a load bearing feature, the matrix being made up of a plurality of modular
cells as claimed in any one of the above claims linked together verically and/or horizontalty:

28. A method of forming a matrix under a load bearing feature using rmultiple cells as claimed in
any one of claims 110 26, the method including the steps of

{a) excavating a pit area into which the matrix will be positioned;

{b} creating a first horizontal layer of cells and interconnecting the cells using the linking
member of members;

{c) placing at least one further layer of cells onto the first tayer, aligning the teg or legs of
each celf such that an applied load is transferred continuously down through the legs
of the matrix structure and intercannecting the cells. using the linking member or
members; and

{d} placing a toad bearing feature over the matrix.

28. A method of forming & {oad bearing matrix using muitiple cells as claimed in any one of
claims 1 to 26, the method including the steps of:

{a) excavating a pit area into which the matrix will be positioned;

{by creating a first vertical layer of cells and interconnecting the cells using the linking
member or rnembers;

{o) placing at least one further layer of cells onto the first tayer, aligning the leg or legs of
each cell such that an applied load is transferred continuously down thraugh the legs
of the matrix structure and interconnecting the cells using the linking member or
members; and

{d) placing a load bearing feature aver the matrix.

30. The method as claimed in claim 28 or claim 29 wherein, before step (d}, the void space
defined within the celt matrix is filled with soil.

31. The niethod as claimed in any one of claims 28 to 30 wherein, during steps (b) or {¢), a
utility line or lines, or a conduit therefor, are placed within the cell matrix void space.

32. The method as claimed in any one of claims 28 to 31 wherein steps (b) and (c) are
campleted toolessly.

33. The method as claimed in any one of claims 28 to 32 wherein, after step (c) and before step
(d), the top of the cell matrix has a grating or gratings placed into the openings of the top
most cells.
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