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(57) Abréegée/Abstract:

[PROBLEMS] A greening apparatus that is capable of growing plants only with a natural rainfall amount without requiring special
Irrigation facilities, with which a real garden can be built on the roof of a building, that can reduce a load on a building as much as
possible, and that causes no water leakage. [MEANS FOR SOLVING PROBLEMS] A planting container (1) Is constituted by, for
example, laying wooden bars (3) and placing a holed partition plate (4) in a box body (2). The lower half of the container Is a water-
containing portion (5), and water discharge holes (6) are provided In a side portion of the container. A soll layer (/) placed on the
partition plate (4) Is a wood origin lightweight soll mainly made from charcoal (9) and decayed woodchips. The soll layer adsorbs
water evaporated from water (8) contained In the water-containing portion (5) or water transported by a moisture difference.
Further, the soll layer has a large water-holding capacity and low water evaporation to the air. The charcoal (9) adsorbs water In the
alr In the lower half container portion and supplies the water to plants. The water-containing portion (5) can contain water Iin an
amount required to grow the plants.
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Abstract

| Abstract]

[Problems to be solved] To offer a greening system for plants/
vegetation to grow only with natural rainfall, without any particular
irrigation facilities, enabling a full-blown garden to be constructed on
building rooftops, minimizing the applicable loads on the building, and
free from the risk of leakage.

[ Means to solve the problems] Planting container 1 comprises box 2
with stickers 3 to carry perforated partition panel 4. The lower half
of the container is constituted as water storage 5, and drain holes 6 are
opened on sides of the container. Soil layer 7 placed on partition
panel 4 1s formed of light woody soil-based on charcoal 9 and humus
timber chips for absorbing moisture transported from the water 8
stored in water storage 5 by evaporation or difference in humidity, to
have a large water capacity letting less water evaporate into the air.
Charcoal 9 absorbs water from the air inside the lower half of the
container to water the plants. Water storage 5 assures an amount of
water necessary for plants to grow.

|Selected drawing] Fig. 1
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Specification

Greening Apparatus

Technical field

[0001] The present invention relates to a greening system enabling
plants to effectively grow with only minimal natural rainfall or limited
irrigation even in the absence of any particular irrigator by making use
of water absorbing and releasing capabilities of porous structures such
as charcoal perforated with continuous fine capillary tubes, advantage-
ously applicable to greening of roofs, surroundings of buildings, upper
surfaces of underground structures, paved streets and/or areas usually
lacking in greenery.

Background art

[0002] As needed for better urban environments, rooftop gardening
is increasingly become more in demand with each passing year, not
only for the purpose of making existing buildings more energy-
efficient as a whole thanks to roof thermal insulation and greater
aesthetics but also as expected, to contribute to the achievement of
milder climates throughout urban centers thanks to latent heat of
gasification associated with transpiration of plants.

[0003] However, the conventional method of rooftop greening has
traditionally required large-scale structural reinforcement in many
cases for existing buildings to bear increased loads associated with
massive amounts of soil needed on the rooftop surface, also costing
considerably for waterproofing of the roof structure which is
permanently supplied with water while preventing future leakage
problems.

[0004] On the other hand, the layer is much thinner, even with a
larger amount of soil than typically found on the ground, losing water
much more quickly by evaporation and indispensably requiring
irrigation to supply water quite insufficient only from natural rainfall

for plants to grow all over the area of rooftop greening.
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[0005] To realize a greening system with a minimized load on a
building, free from risk of Ieakage and easily irrigated, different
methods for rooftop greening have been proposed, making use of
planters widely used to grow vegetation anywhere in the absence of
gardening soil (e.g. on rooftop, veranda, and paved zones). Greening
systems using such planters are structured as disclosed in the
following patent documents 1 and 2:

Document 1: Japanese Patent Application Laid Open to the public
(KOKAI) No. 9-140252 (see pages 1 to 6, Figs. 1 to 3);

Document 2: Japanese Patent Application Laid Open to the public
(KOKAI) No. 10-108547 (see pages 1 to 6, Figs. 1 to 5).

[0006] The conventional greening systems using planters have been
installed directly on rooftops or in planter carriers in general. Planters,
loaded with a limited amount of soil within the container, are easily
handled, weigh relatively little, have lower waterproofing costs thanks
to the waterproofing capacity of the same planters, and are free from
the risk of leakage typically caused by roots breaking into the roof slab.
[0007] On the other hand, artificial materials such as gravel or
foamed bricks can be chosen instead of natural soil for the so-called
"hydro-culture” in the field of indoor gardening with planters for
vegetation to grow 1n any everyday containers. Plants should
essentially be supplied with oxygen and water at roots sufficiently
enough to avoid root rot or water spot. Plants in planters, perforated
for outflow of water exceeding the necessity for roots, are free from
the risk of root rot but indispensably need to be frequently irrigated,
as lacking in water retention.

[0008] On the other hand, plants in hydro-culture can grow, as
watered at relatively long intervals (e.g. once every few weeks) but it
1s important for imperforate containers to split artificial cultivation
soil appropriately into the gas and liquid phases, requiring an initial
water level strictly adjusted in accordance with kinds of plants and
chemical agents to be administered at bottom of each container to

prevent root rot or water spot.
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[0009] To facilitate adjustment of water level in hydro-culture,
different containers for indoor gardening have been proposed, as
represented by a pot of double or separable structure to have an outer
or lower container as a reservoir. Containers for indoor gardening
intended for plants in pot culture to be prevented from death or root
rot as watered and drained appropriately by bottom irrigation have
been proposed by hydro-culture as disclosed e.g. 1n the following '
patent documents 3 and 4:

Document 3: Japanese Patent Application Laid Open to the public
(KOKAI) No. 5-219845 (see pages 1 to 7, Figs. 1to 9);

Document 4: Japanese Patent Application Laid Open to the public
(KOKAI) No. 8-140507 (see pages 1 to 6, Figs. 1 to 6).

[0010] The above Document 3 discloses an irrigator comprising a
bowl with a hole opened at bottom to contain a plant and soil, a saucer
to retain water and a bibulous wick to suck up water into the bowl with
capillarity, while the above Document 4 discloses a plant cultivator
with an irrigator supplying a bowl with water from a basin placed on
the lower face.

Disclosure of the invention

Problems to be solved by the invention

[0011] However, the conventional greening system intended to
green e.g. a rooftop, evaporating much water, indispensably needs to
be frequently irrigated even only on planters, causing problems of
costly and complicated procedures as have been pointed out 1n general.
Moreover, the conventional planters are independent containers respec-
tively, enabling only limited kinds of plants to be cultivated, extremely
restricted areas to be greened on roofs, and, as a result, no full-dress
garden can be constructed on roofs or walkable green belts developed.
[0012] Then, for cultivation of plants with automatic watering, the
conventional greening system requires irrigation facilities and
containers dedicated to it, failing to satisfy the needs for facilitating
cultivation of plants anywhere in any region and contributing to

greening the region concerned.
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[0013] On the other hand, devices used in hydro-culture have not
been applicable to facilities for outdoor cultivation of common plants,
since hydro-culture is relatively easily irrigated, applicable in
principle to small-scale cultivation of plants such as indoor gardening,
but unfit for outdoor cultivation of plants or cultivation in general of
unrestricted kinds of plants.

[0014]  Greening is now widely demanded not only for building
rooftops but also on bridges, paved urban areas, sides of ordinary
roads, median strips or upper faces of underground structures. For
example, different canals are being embedded underground to utilize
the upper surface in increasing cases recently. However, in the
presence of a structure such as underground headrace channel, only a
limited amount of soil can be used, even if needed to cover the surface,
as 1n the case of roof greening, inevitably requiring costly reinforce-
ment in endurance of the structure, failing to enable economic
construction for trees to grow only with natural rainfall.

[0015] On the other hand, there have been problems in appropriate
water supply even in the case of flowers that do not need the depth of
roots as required for trees. In other words, only with natural rainfall,
there has been the fear of death of flowers needing relatively much
water, since water supply is limited not only on planting strips
arranged on the above structure but also on sides of roads surrounded
by paved road surfaces, median strips or urban areas.

[0016] In other words, planting has been pretty limited in area and
kind of plant in accordance with water supplying conditions, as
planted flowers solely depend on natural local rainfall mostly flowing
away through drainage facilities, even when it rains on the road
surface or streets. Therefore, to plant flowers in such areas, there
have been problems of costly and complicated procedures for watering
operations needed from time to time. Then, there has been no way of
water management, in the presence or absence of planting, for guiding
rainwater, with widespread clean-up, into drainage or water storage

facilities.
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[0017] To solve the above problems of the conventional greening
system, the present invention offers a greening system for plants to
grow only with natural rainfall or limited irrigation in the absence of
any particular irrigation facilities, making efficient use of water-

absorbing and releasing capacity of porous structures, such as charcoal,

formed of continuous fine pores.

[0018] To solve a specific problem, it offers a greening system
alleviating the loading e.g. on a structure and free from the risk of
leakage, even in the case of constructing a full-blown garden on
rooftop of a building or developing e.g. a walkable greenbelt.

[0019] Another problem to solve is to offer a greening system,
artificially constructed, with widely applicable containers and as
effective as containers, enabling easy cultivation of plants anywhere in
any region, advantageously greening e.g. widely paved urban areas on
a large scale.

[0020] Another problem to solve is to offer a greening system even
for trees planted e.g. at roadside planting strips limited in amount of
so1l or for flowers needing relatively much water, planted in areas
limited in water supply, to grow only with natural rainfall, without any

particular irrigation.

Means to solve the problems

[0021] To solve the above problems, the present invention relates to
a greening system, with a soil layer formed for greening plant to grow
in a bottomed container opened on top, equipped with water regulator
feeding water necessary for the plant to grow and draining out excess
water, characterized in that the container, separated e.g. by a
perforated partition panel into upper and lower zones, has drain holes
opened on sides on the upper face of the partition panel, a water
storage of watertight structure inside the half lower than the partition
panel, materials of porous structure formed of continuous fine pores
for absorbing water transported from the water storage by evaporation
or difference in humidity being contained or laminated in the soil layer

placed on the partition panel.
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[0022] This greening system takes advantage mainly of water
moving by difference in relative humidity in the respective layers from
the water storage to the surface of the plant, with effects of feeding
plants with water, fertilizer, keeping the soil 1n appropriate
temperature, €tc.

[0023] Mixed 1nto the soil layer or separated into layers, porous-
structured material 1s supposed to supply the plant with absorbed water,
also letting excess water such as rainwater pass and to purify and drain
out e.g. acid rainwater by the filtering effect. The porous-structured
material can be e.g. zeolite, porous extrusive such as float stone,
perlite, vermiculite, porous ceramic, highly bibulous or hygroscopic
sponge, charcoal, activated carbon, artificial lightweight soil or
hygroscopic material, water-retaining material, etc. Such materials
can be used, e.g. as subjected to photo-catalysis, to purify pooled
water.

[0024] An example of a container 1s a lightweight watertight box
made of styrene foam or recycled plastic material and an example of
perforated partition panel is vinyl chloride plate supported by stickers
arranged at bottom. Drain holes are opened immediately under the
partition panel to minimize the presence of extra water inside the soil
layer. Therefore, the soil layer is usually apart from the water
surface. By way of example, waterproof sheet may be stuck inside the
half of the container lower than the partition panel to make a watertight
structure there or something like sponge capable of retaining water
even when vertical may be set there. Optionally, a container structure
having the same function may be constructed over a wide range, thanks
to a soil layer.

[0025] The partition panel has holes also to guide the direction in
which roots are being established and the holes should preferably be
positioned as determined for sound growth of roots in accordance with
each species of plant. Then, a water storage portion and a portion to
contain a soil layer of earth brought from elsewhere, made separately

1n two different containers, may be combined to make a container.
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[0026] The container in a greening system according to claim 2 1s
characterized that it has a drainage formed with walls made of highly
water-permeable material on sides in the vicinity of the upper face of
the partition panel and a watertight structured water storage to embed
underground in the lower half below the partition panel inside the
container.

[0027] The container can be e.g. a reinforced-concrete box and the
perforated partition panel can be e.g. precast-concrete perforated plate
or porous concrete plate. The walls serving as drainage can be e.g. a
water-permeable structure e.g. made of porous concrete for the
drainage to work not only for draining out extra water to outside but
also for guiding rainwater into the water storage. To that effect,
rainwater gutters can be arranged to be connected with the drainage or
penetrating water on the road surface can be collected e.g. with a
waterproof sheet to be introduced into the water storage. Then,
underground penetrating water from the surrounding ground or water
from conduits can be collected and utilized.

[0028] A greening system of claim 3 has a soil layer formed for
greening plant to grow in a bottomed container opened on top and 1s
equipped with a water regulator feeding water necessary for the plant
to grow and draining out extra water. It is a greening system
characterized in that the container has a watertight-structured water
storage all over the lower half of the container, spacers made of highly
water-permeable material stacked at least up to the level higher than
the upper end of the water storage, drainage provided on side faces for
draining out excess water over the water storage, materials of porous
structure formed of continuous fine pores for absorbing water
evaporating from the water storage being contained or laminated 1n the
soil layer placed on the upper face of the spacers, interposing a highly
breathable sheet. Then, the sheet can be made of material
constituting a filter layer having the same function.

[0029] Spacers can be made of any material, if only highly water-

permeable and capable of support a soil layer, e.g. resin conduit

05801 (7/30)



10

15

20

25

30

CA 02529073 2005-12-13

8-

collecting and draining material, porous concrete or any other
perforated solid. A highly breathable sheet, for example, should be
made of material capable of preventing the carried so1l from falling
into the water storage and enabling passage of water evaporating from
the water storage. The drainage should preferably arranged higher
than the water storage and lower than the soil layer to minimize the
presence of extra water 1inside the soi1l layer.

[0030] The container 1n a greening system of claim 4 1s characterized
in that it has a watertight-structured water storage formed with
watertight sheet extended all over the lower half, drain holes opened at
bottom or on sides for draining out water overflowing from the water
storage and the spacers are stacked at least up to the level higher than
the upper end of the watertight sheet. This is applicable to wide-
spreading greening e€.g. in riverbed, park, etc. constructing a similar
structure using an impermeable layer or a soil layer capable of storing
water.

[0031] The container can be formed in any shape or of any material,
if only allowing e.g. watertight sheet to be extended over the lower
half and a soil layer to be placed on the upper face of the spacers.

It means that it can be made of not only styrene foam or plastic
materials but also wood, metal, concrete, etc. and can be formed as a
box shaped like a rectangular parallelepiped, cylinder, semi-sphere or
the like.

[0032] For example, the watertight sheet should be shaped to be
capable of being extended along the surface in the lower half of the
container, arranging a waterway, in the case of drain holes at bottom,
for smooth down-flow of overflowing water. The waterway is formed
e.g. by inserting €.g. a pipe between a watertight sheet and the inner
face of the container. Drain holes, if ready made as in existing
planters, are used as they are or a container, if imperforate, should be
perforated as needed. For drain holes, an air layer is formed lower
than the soil layer to minimize the presence of extra water inside the

soil layer.
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[0033] The container in a greening system of claim 5 is characterized
in that it carries a net on small water-storing containers arranged 1in
parallel on bottom face, with drain holes opened on bottom or side
faces for draining out water overflowing from the small containers,
porous-structured material formed of continuous fine pores for
absorbing water evaporating from the water storage being contained or
laminated in the soil layer placed on the upper face of the net,
interposing e.g. a highly breathable sheet on the upper tace ot the net.
The small container must be a diameter to the extent that the net to be
carried is not loosened. The net is to partition between the water
storage of the small containers arranged in parallel and the soil layer.
The net 1s of solid material.

[0034] The porous-structured material in a greening system of claim
6 1s characterized 1n that 1t 1s based on charcoal of carbonized plywood
or stickers collected from building rubble wasted in construction work.
For example, plywood formwork wasted in construction is reused,
considering its affections to the environment, and is put into a
carbonize, instead of being burnt to make synthetic regenerated
charcoal. It should preferably be calcined in carbonization at a

temperature on the order of 1300°C. Harmful substances such as

cadmium, arsenic, etc. remain in charcoal in higher concentrations,
when calcined at a temperature on the order of 700°C, while they are
all removed on the order of 1300°C. Synthetic regenerated charcoal
is effective to fill holes of the partition panel, thanks to the plate-like
characteristics, preventing unnecessary things from falling from the
soil layer to the water storage. Then, further atomized, it becomes
like needles to have a larger specific inner superficies. Charcoal can
be optionally laid as sacked.

[0035] The soil layer in a greening system of claim 7 is characterized
in that it is formed of light woody soil based on mixture of charcoal
and humus timber chips to have a large water capacity letting less water
evaporate into the air. It should preferably be light soil containing

5% high temperature calcinated charcoal, 5% middle temperature
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calcinated charcoal, 70% humus timber chips, and 20% palm fibers,
perlite, vermiculite, peat moss, red beads soil, black soil, etc.
optionally blended with seashells, leaf mold, porous extrusive,
hygroscopic, water-retaining materials, gross grain soil such as light
soil, etc.

[0036] The soil layerin a greening system of claim 8 is characterized
in that there is a charcoal layer interposed between the soil layer and
the partition panel. As the charcoal layer retains a constant amount
of water, stepwise absorption or release of water 1s attained to limit
unnecessary water supply.

[0037] The soil layer in a greening system of claim 9 is characterized
in that it interposes a charcoal layer enveloped by a highly breathable
sheet, laying charcoal pieces, as sacked.

[0038] The water storage in a greening system of claim 10 is
characterized in that it has a capacity of storing an amount of water
necessary for the plant to grow with natural rainfall during a year.
The soil layer is adapted to have a large water-retaining capacity
letting less water evaporate, while water at the water storage 1s
consumed only as absorbed e.g. by charcoal. No other 1rrigator is
needed here, only storing natural rainfall, as the water storage stores
an amount necessary for the plants to grow. Further, there is no need
for periodical watering if in usual climates. For example, the depth
of the water storage should be 5cm to put a soil layer Scm thick.
[0039] A plurality of containers in a greening system of claim 11
are characterized by the plurality of the containers arranged in parallel
on a roof slab of a rooftop of a building for the drain holes to be
communicated with one another and that the containers are placed on
crossbeams as supported by girders constituting the rooftop slab.
[0040] They are supported on spacers arranged on girder in order to
prevent the containers from weighing on the floor of the rooftop slab
lacking in tolerance of load. The crossbeams are arranged at
appropriate intervals to enable the respective containers to support the

loading. Drain holes are communicated for quick drainage of extra
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water to outside. Then, spacers formed like rubber shoes can be

effective in earthquake control for the entire building.

[0041] The loading is thus adapted to weigh directly on a major
member of the structure, which needs no particular reinforcement, 1f
strong enough by itself. It requires no particular reinforcement to
waterproof the floor surface either. Then, it is applicable to existing
buildings, regardless of the scale.

[0042] The plurality of containers in a greening system of claim 12
are characterized in that a level-adjusting plate is interposed between
the containers and the crossbeams, also fixing a bulk-increasing band
around the containers, to enable the soil layer to vary in thickness and
height.

[0043] To use e.g. styrene foam containers, the plate and the band
are made of styrene foam too, arranging the respective containers close
to one another, with the band adhesively fixed. As the soil layer is
variable in thickness and height, it can be continuously used as a plane
all together, walkable, planted e.g. with grass, not only with bushes
like azaleas but also middle and high trees, also allowing a slope to be
formed to construct a full-blown garden on a rooftop of a building.
[0044] A greening system of claim 13 has a soil layer formed for
greening plant to grow, equipped with a water regulator feeding water
necessary for the plant to grow and draining out extra water, and 1s
characterized in that the water storage comprises a perforated lid to
carry a planting soil layer at least either containing or laminating
porous-structured material formed of continuous fine pores and a water
storing container having notches for overflow, vertical gutters
continuous with the notches on side-walls and push-ups for drainage
formed longitudinally and transversely on bottom face, and inner walls
projected from the lower face of the perforated lid or the inner face of
the water storing container to abut the water storing container or the
lid, also having an opening for water to pass through.

[0045] The water-storing container can be anything having notches,

vertical gutter and push-ups, without any particular limitation in shape,
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material or combination. It can be any box made of any material such
as styrene foam, plastic material, wood, metal, concrete, etc. and
formed into different shapes such as a rectangular parallelepiped,
cylinder, semi-sphere, etc. Excess water overflows by the notches to
separate the soil layer and the water surface. Overflowing water
follows the vertical gutter to flow down on the foundation, passes the
push-ups for drainage to flow down to outside.

[0046] Holes, as many as appropriate for the soil not to drop 1nto
the water-storing container, are opened on the lid for water such as
rainfall passing through the soil layer to drip down 1nto the water-
storing container as well as water evaporating from the water-storing
container to be absorbed by the porous-structured material. Then, the
inner walls, reinforced for the lid to support the weight of the soil layer,
are constructed to abut the water-storing container or the lid to keep
them in right position to each other. The opening, arranged to uniform
water dripping into the water-storing container, is placed and shaped,
as selected in order to have no problem in supporting the loading.
[0047] A greening system of claim 14 is characterized in that it
comprises: a gutter-shaped zone, placed on sides of paved road surface,
arranging reservoirs in parallel on bottom face and disposing porous-
structured material formed of continuous fine pores where apart from
the water surface of the reservoirs; drainage lead-in for introducing
into the gutter-shaped zone from paved road surface or gutters; a soil
layer, placed on the upper face of the porous structure, for greening
plants to grow; and an outflux of purified water overflowing from
reservoirs after purified by the porous-structured material.

[0048] To arrange the porous-structured material where apart from
the water surface, the reservoir comprises e.g. spacers made of highly
water-permeable material, stacked up higher than the upper end of the
container, to carry on the upper face of the spacers the porous-
structured material, interposing a highly breathable sheet. Then, the
reservoir can also comprise a net placed on small water-storing

containers on bottom face and porous-structured material on the upper
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face of the net, interposing highly breathable sheet or can be
constructed to comprise drainage on sides of a reservoir carrying a
perforated lid and the porous-structured material placed on the lid.

In either case, the water face and the porous-structured material should

be separated from each other to minimize the presence of water inside

the porous-structured material and the soil layer.

[0049] The paved road surface can be positioned on one side face or
both side faces of the gutter-shaped zone. The gutter-shaped zone
comprises at least a wall to contain the porous-structured material
formed of continuous fine pores and the soil layer to draw drained
water into the porous-structured material. Then, a pipe, perforated as
appropriate to supply the porous-structured material with drained
water uniformly, can be arranged on the upper face ot the porous-
structured material.

[0050] Rainwater on the surface of a paved road such as national
highway, express highway, etc. frequently used for the passage of
vehicles, is contaminated with various things such as dirt, dust,
suspended solids, friction debris of tires and paved asphalt, oil, etc.,
flowing out of such road areas to cause also water pollution 1n public
waters. The porous-structured material works also as a filter to
purify such water to feed plants, flowing down out of the areas.

[0051] The outflux of purified water in a greening system of claim 15
is characterized in that it is an underground headrace channel arranged
on the lower face of the gutter-shaped zone and the top plate of the
underground headrace channel has holes for flowing down the purified
water and feeding water evaporating from the underground headrace
channel to the porous-structured material. Purified water overflowing
from the reservoir is transferred from the holes to the underground
headrace channel to flow down, while water vapor inside the headrace
channel passes through the holes to be absorbed by the porous-
structured material to be water for growth of plants. The underground
headrace channel can be arranged on sides of a paved road surface or

at median strip or may be arranged all over the paved road surface.
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Advantageous effects of the invention

[0052] As explained above, in the greening system of the present
invention, the container is separated by a perforated partition panel
into upper and lower zones to use the lowef half as a water storage and
the soil layer carried on the upper face contains or laminates porous-
structured material formed of continuous fine pores for absorbing
water evaporating from the water storage, supplying plants with
absorbed water, while letting extra water such as rainwater pass by to
work as a filter to drain out e.g. acid rainwater as clean water,
alleviating affections to environment or to human bodies.

[0053] The greening system of claim 2 comprising a structure with
underground-embedded water storage 1s applicable also e.g. to large-
scale greening of streets, enabling rainwater to be guided into the
water storage.

[005§4] The greening system of claim 3 comprises spacers made of
highly breathable material containing or laminating porous-structured
material, permitting a soil layer apart from a water storage thanks to or
even 1n the absence of a perforated partition panel between the soil
layer and the water storage, with enlarged applicability of containers.
[0055] The greening system of claim 4 has water storage with
watertight sheet extended over the lower half of the containers,
permitting use of common containers and enabling growth of plants
anywhere in any region.

[0056] The greening system of claim 5 comprises e.g. a net placed
on water-storing small containers arranged in parallel, enabling
formation of water storage even without spacers or watertight sheet to
support a soil layer.

[0057] Porous-structured material in the greening system of claim 6
i1s carbonized plywood or the like wasted in construction work. It is
not only ecological but also advantageous in plate-like charcoal easily
filling the holes of the partition panel, preventing unnecessary things
from falling from the soil layer to the water storage.

[0058] The soil layer in the greening system of claim 7 is a woody
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light soil layer based on mixture of charcoal and humus woodchips

having a large water capacity letting less water evaporate into the air,

enabling plants to grow with a little water supply.

[0059] A charcoal layer 1s interposed between the soil layer and the
partition panel 1n the greening system of claim 8 to retain a constant
amount of water, absorbing and releasing water stepwise, limiting
unnecessary water supply, with effects of feeding plants with water,
fertilizer or cooling the soil, thanks to water moving by difference in
relative humidity in the respective layers from the water storage to the
surface of the plant and to capillarity of evaporated water.

[0060] A charcoal layer enveloped by highly breathable sheet is
interposed 1n the soil layer in the greening system of claim 9 to absorb
and release water stepwise, limiting unnecessary water supply.

[0061] The greening system of claim 10 has water storage of
sufficient capacity to store a necessary amount of water for the plants
to grow with natural rainfall during a year, only needing to store
natural rainwater and no other particular irrigator, even without
periodical watering if in usual climate.

[0062] In the greening system of claim 11, a plurality of containers
are placed on crossbeams as supported on girders constituting a roof
slab for drain holes to be communicated with one another in order to
prevent the containers from weighing on the floor of the rooftop slab
lacking in tolerance of load. Then, the loading is directly imposed on
the main members of the structure of the building, requiring no
particular reinforcement, if the members are strong enough. As the
drains are communicated with each other, extra water is discharged
quickly and 1t 1s of no need to reinforce waterproofing of the floor.

It 1s therefore easily applicable to existing buildings, regardless of the
size of scale.

[0063] A level-adjusting plate is interposed between the plurality of
containers and the crossbeams, also fixing bulk-increasing band
around the container, in the greening system of claim 12, enabling

variation in thickness and height of the soil layer and utilization as a
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plane all together, making it walkable e.g. planted with grass, allowing
not only bushes like azaleas but also middle-sized trees to be'plantcd,
also enabling formation of slopes to construct a full-blown garden on a
rooftop of a building.

[0064] In the greening system of claim 13, extra water overflows by
notches to assure the soil layer and the water surface to be separated
from each other. Then, overflowing water follows a vertical gutter to
flow down on the foundation and can flow down smoothly to outside
via push-ups for drainage. The inner wall is reinforced to support the
loading of the soil layer, while water dripping down into the water-
storing container is made uniform thanks to the presence of an opening.
Rainwater passing through the soil layer drips down into the water-
storing container through holes opened on the lid, while the porous-
structured material absorbs water evaporating from the water-storing
container through the same holes.

[0065] In the greening system of claim 14, purified water 1s used
efficiently thanks to the porous-structured material and the soil layer
carried by the water-storing container for greening plants to grow,
enabling plants to grow only with natural rainfall, without any
particular irrigation, even for trees to grow 1n roadside areas lacking
in amount of soil or even for flowers needing relatively much water to
grow in areas limited 1n water supply.

[0066] In the greening system of claim 15, an underground headrace
channel is used as an outflux of purified water, contributing to
improvement of water quality inside the headrace as well as utilizing
water vapor inside the headrace for plants to grow.

Brief explanation of drawings

[0067]

Fig.1l is a perspective view of a planting container.

Fig.2 is a schematic plane view of a roof greening plan.

Fig.3 is a schematic sectional view of a roof greening plan.

Fig.4 is a perspective sectional view of an underground-embedded

planting container omitting a part of the soil layer.
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Fig.5 is a partly enlarged sectional view of an underground-embedded

planting container.

Fig.6 is a sectional view of a planting container using spacers.
Fig.7 is a sectional view of a planting container comprising water-
retaining small containers arranged in parallel.

Fig.8 is a front view of a reservoir for planting.

Fig.9 is a plane view of a reservoir for planting.

Fig.10 is a sectional view of Fig.9 cut along a line X-X.

Fig.11 is a sectional view of Fig.9 cut along a line XI-XI.

Fig.12 is a sectional view to show reservoirs embedded under soil
layers planted with trees.

Fig.13 is a partly enlarged sectional view to show reservoirs embedded
under soil layers planted with trees.

Fig.14 is a sectional view of a road surface drainage cleaning and
greening system using a reservolr.

Fig.15 is a sectional view of a reservoir having a perforated lid.
Fig.16 is a sectional view of a reservoir containing spacers.

Fig.17 is a sectional view of another mode of road surface drainage
cleaning and greening system.

Reference Numerals of the drawings

[0068]

Planting container

. Box

. Stickers

Perforated partition plate
. Water storage

Drain hole

Soil layer

. Water

. Charcoal

g O o0 3 O n b W N

est mode of realization of the invention

[0069] The mode of realization of the invention will be explained in

detail, referring to drawings attached herewith. Fig. 1 shows a
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perspective view of a planting container oh which a greening system 1s
based. Planting container 1 comprises styrene foam box 2 opened on
top and with stickers 3 at bottom carrying perforated partition panel 4
of polyvinyl chloride between the top and bottom. The container 1s
covered on the inner surface with non-illustrated waterproofing sheet
below the partition panel 4 to form watertight water storage 5.
Planting container 1 is sized in principle to be 100cm wide x 50cm
deep x 20cm high, made of members 10cm thick, but can be smaller or
larger.

[0070] The container has a necessary number of drain holes 6
opened on sides immediately above partition panel 4 for quickly
draining out water in excess over partition panel 4. Then, charcoal
pieces 9 are embedded 1n soil layer 7 placed on partition panel 4 to
absorb water evaporating from water 8 stored in water storage 5.
Then, soil layer 7 may be clearly separated into a charcoal layer and a
layer of earth brought from elsewhere.

[0071] Soil layer 7 is formed of light woody soil e.g. based on non-
illustrated humus timber chips mixed with such charcoal 9 to have a
large water capacity letting less water evaporate into the air. Plants
for greening, non-illustrated, are planted in the above soil layer 7,
usually separated from the surface of water storage 5 but absorbing
water with embedded charcoal pieces 9 from the air inside the lower
half of the container to water the plants.

[0072]  Water storage 5 assures an amount of water necessary for
plants to grow during a year, as supplied mainly from rainfall,
avoiding the necessity of being watered periodically in usual climates
from any other irrigator, only being nourished by water collected from
natural rainfall.

[0073] Charcoal pieces 9 mixed into soil layer 7 should preferably
be based on carbonized plywood or stickers. Re-use of carbonized
laminated wood collected from building debris from construction work
1s advantageous not only in consideration of the environment but also

effective 1n efficient use of the plate-like characteristics to fill holes
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of partition panel 4, preventing unnecessary things from falling from
soil layer 7 to water storage 5. Then, recycled carbonized laminated
wood, further atomized, are formed like needles to have a larger
specific inner superficies, better absorbency and a proven absorption
capacity of 10% or more for charcoal to absorb water vapor. As a
result, it transpires when dry and is hygroscopic when wet, with a high
water regulating capacity by natural breathing, as well as excellent 1n
soil improvement and sewage clean-up.

[0074] A case of roof greening with use of this planting container 1
is shown in Figs. 2 and 3. Fig. 2 1s a schematic plane view and Fig. 3
is a schematic sectional view of the roof greening plan to construct a
promenade with planting containers 1, non-illustrated wooden decks,
etc. placed where appropriate on the roof.

[0075] This roof is coated on rooftop slab 10 with a non-illustrated
waterproofing layer or a coating layer of protecting concrete,
surrounded by a protective barrier or a fence. Planting containers 1
are placed tentatively between girders 11 of rooftop slab 10 but small
and light ones can be anywhere on the floor. Then, the planting
containers 1 can carry not only chamaephyte like grass but also
flowers 12 as well as shrubbery 13 like azaleas or middle-sized trees
14 like maple.

[0076] Planting containers 1 are arranged for adjacent drains to
communicate with each other for quickly discharging extra water, as
guided into drains via non-illustrated ditches or piping connected to
outer drains. As the greening system 1s waterproofed by planting
containers 1, no particular improvement or reinforcement 1s required
to waterproof the rooftop, no roots are likely to break directly into
rooftop slab 10 either and there i1s no concern about leakage in the
future at least due to the greening system.

[0077] A plurality of planting containers 1 should be placed on
crossbeams 15; however, as supported on spacers 16 arranged on
girder 11 in order to prevent the containers from weighing on the floor

of rooftop slab 10 lacking in tolerance of load. Spacers 16 are pads

05801 (19/30)



10

15

20

25

30

CA 02529073 2005-12-13

.20 -

of plate-shaped rubber to avoid damaging rooftop slab 10. Then,
crossbeams 15 can be made from steel, wood or any other material but
should be arranged at appropriate intervals to allow planting
containers 1 to support the load.

[0078] The loading is thus adapted to weigh directly on girder 11
(i.e. a major member of the structure), which needs no particular
reinforcement, if strong enough by itself. Watering, needed only 1n
the case of shortage of stored water (e.g. due to unusual weather), is
monitored by water-level gauges appropriately installed on planting
containers 1, even though this greening system can be supported only
by natural rainfall in principle.

[0079] As shown in Fig.3, plates 17 are interposed as needed
between crossbeams 15 and planting containers 1 to adjust levels ot
ups and downs in a garden, while bands 18 to increase the bulk are
fixed around the containers to add variations in thickness and height of
soil layer 7. Plates 17 and bands 18 are made of styrene foam, with a
plurality of variations in thickness to enable adjustment in height, are
arranged closely to one another and fixed with adhesive, bolts or
mounting hardware.

[0080] Imitation stones 19 or non-illustrated bricks or natural stones
are arranged where appropriate for continuous use of all together as a
plane, with crossbeams 15, plates 17 and planting containers 1 secured
to one another by non-illustrated means of attachment.

[0081] In this greening system, charcoal layer 20 constant in water
capacity is interposed in soil layer 7 above partition panel 4 to enable
stepwise absorption or release of water to limit unnecessary water
supply, serving also as a filter for acid rain, air pollution rain, etc. to
store or discharge purified water, thereby alleviating affections of
environment or people’s health.

[0082] Another mode of realization of the greening system with
larger containers will be explained here below, referring to Figs. 4 and
5. Fig.4 is a perspective sectional view of an underground-embedded

planting container omitting a part of the soil layer and Fig.5 is a partly
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enlarged sectional view of an underground-embedded planting
container. Planting container 101 comprises reinforced concrete box
102 opened on top and with supports 102a at bottom to carry
perforated pre-cast concrete partition panel 103 between the top and
bottom. A watertight structure of water storage 104 is formed inside
the lower half of this container below the partition panel 103.

[0083] Water storage 104 is embedded underground, while wall 105
upper than partition panel 103 is a water-permeable structure (e.g.
made of porous concrete). Wall 105 serves also to drain out extra
water overflowing from water storage 104, while guiding rainwater
into water storage 104. To that effect, wall-side cavity 106 1s refilled
with gross-grain soil, with waterproofing sheet 107 laid at bottom to
collect penetrating water there.

[0084] The upper face of partition panel 103 carries a soil layer
formed of charcoal layer 109 enveloped by highly breathable sheet 108,
humus soil 110 placed on this upper face and surface layer 111 covered
by woodchips or grass. Water storage 104 stores rainwater penetrat-
ing from surface layer 111, collecting also water penetrating from the
surrounding ground to assure a sufficient amount of stored water.
[0085] The above explained planting container is divided into upper
and lower zones, by a perforated partition panel or optionally a spacer
instead, in order to use the lower half as water storage, as realized in
the mode as shown in Fig.6 showing a section of a planting container
using a spacer. Planting container 201 comprises a bottomed container
202 with its upper face opened, watertight sheet 203 expanded over the
lower half of the container, spacer 204 laid up to the level higher than
this upper end, charcoal layer 206 enveloped by highly breathable
sheet 205 and soil layer 207 placed on this upper face.

[0086] Not only ready-made planters but also any boxes in all
shapes and of any material can be used as planting container 201,
opening drain hole 202a where appropriate, if not opened beforehand.
An example of watertight sheet 203 1s polypropylene or synthetic

rubber waterproofing or water-barrier sheet for all boxes to have a
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water storing function. Drain hole 202a should be opened lower than
charcoal layer 206, trying the best to prevent charcoal layer 206 from
being drenched 1n water.

[0087] An example of spacer 204 is resin conduit drainage basin
material. It should be porous, highly water-permeable and little
deformable to the loading as a whole. Charcoal can be mixed 1nto
soil layer 207, however, laying a highly breathable sheet over the
boundary with spacer 204.

[0088] The surface of soil layer 207 planted with greening plants
208 can be optionally covered with something water-permeable,
moisture-proof to the soil such as chamaephyte, woodchip pavement,
different mulches 209, releasing little water into the air.

[0089] Then, a planting container comprising a plurality of small
containers arranged in parallel for water storage will be explained,
referring to Fig. 7 showing a section of such a container. Planting
container 301 comprises bottomed container 302 opened on top, water
storing small containers 303 arranged in parallel inside the container,
net 304 placed on the small containers 303, water-retaining layer 306
made of fine continuous porous structured mineral enveloped by highly
breathable sheet 305, and soil layer 307 placed on the upper face of
the water-retaining layer.

[0090] Planting container 302 has drain holes 302a to drain out
water ovérflowing from small containers 303, soil layer 307 planted
with greening plants 308 and different mulches 309 on the surface.
[0091] Then, a mode to realize a plant-cultivating reservoir
advantageous for greening system will be explained in detail, referring
to drawings here attached. Fig. 8 is a front view; Fig. 9 is a plane
view; and Figs. 10 and 11 are respectively sectional views of Fig.9 cut
along X-X or XI-XI. Reservoir 401 comprises styrene foam lid 402
with a plurality of orifices 404 and water storing container 403.
Vertical gutter 406, made at the center of each sidewall 405 of water-
storing container 403, has notch 408 for overflow on top except for a

joint for inner wall 407. Inner wall 407, level with sidewall 405, has
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slope 409 formed at the border in staggered arrangement as an opening
for water flow. Lid 402 has gutter 402b formed on back face 402a to
fit the top of inner wall 407. The level of back face 402a 1s set to be
somewhat higher than the level of the bottom of notch 408 for
overflow. Water storing container 403 has push-ups for drainage
403b formed longitudinally and transversely on bottom face 403a.
[0092] HOW to use the reservoir will be explained, referring to

Figs. 12 and 13.

[0093] Fig. 12 is a sectional view as crowned with a soil layer
planted with trees and Fig. 13 is a partly enlarged sectional view of
the same. On the upper face of reservoirs 401 arranged in parallel on
structure 410 or e.g. on a paved face, charcoal pieces 411 enveloped
by highly breathable sheet and soil 412 retaining much water but
evaporating little water into the air are placed for greening plants 413
to grow there.

[0094)] When it rains, reservoir 401 stores water as purified, passing
through soil 412 and charcoal pieces 411. Extra water spills from
notch 408, passes vertical gutter 406 to structure 410 and flows down
to outside via push-ups for drainage 403b. Orifices 404 opened on lid
402 drips e.g. rainwater, while letting charcoal pieces 411 absorb
water evaporating from water-storing container 403.

[0095] Then, a greening system using reservoirs to purify road
surface drainage and the purified water for plants to grow will be
explained, referring to Fig. 14 showing a sectional view of the
greening system using such reservoirs. Road surface drainage and
greening system 501 forms gutter-shaped zone 505 with a pair of walls
504, 504 opposed to each other standing from top plate 503 of
underground headrace channel 502. Walls 504 can be constructed
integrally with underground headrace channel 502 or optionally
coupled with separate plates, e.g. with non-illustrated anchor bars
embedded in top plate 503.

[0096] On the bottom face of gutter-shaped zone 505, perforated

lidded reservoirs 506 or reservoirs 507 containing spacers are arranged
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in parallel to carry on the upper face charcoal layers 508 enveloped by
highly breathable sheet. On the upper face of the charcoal layers 508,
soil layer 509 retaining much water but evaporating little water into
the air is formed, with the surface layer covered e.g. with chamaephyte,
woodchips pavement, different mulches 510, etc.

(0097] Overflow e.g. of rainwater on paved road surfaces 511, 511
on both sides of gutter-shaped zone 505 1s collected by leader head
512 provided at wall 504, guided into pipe 513 perforated where
appropriate, and fed into the charcoal layer. Charcoal 508 filters and
purifies the water. Top plate 503 of underground headrace channel
502 has orifices 514 through which extra water overflowing from
reservoirs 506, 507, as purified by charcoal 508, tlows down 1nto
underground headrace channel 502.

[0098] Soil layer 509 is planted with greening plants 515. Charcoal
508 purifies incoming water, while absorbing water evaporating from
reservoirs 506, 507, to feed greening plants 515. Orifices 514 opened
on top plate 503 feed water evaporating from underground headrace
channel 502 to charcoal 508. In other words, water in underground
headrace channel 502 is used for plants to grow too.

[0099] Then, reservoirs will be explained in detail, referring to
Figs. 15 and 16. Fig. 15 1s a sectional view of a reservoir with a
perforated lid. Fig. 16 1s a sectional view of a reservoir containing

spacers. Reservoir 506 comprises plastic container 516 with notches

“where appropriate on sides and styrene foam lid 518 with orifices 517,

for extra water upper than lid 518 to be quickly drained out to outside.
Charcoal 508 placed on the upper face of lid 518 absorbs water from
the air inside container 516 to feed plant 515. Container 516 stores
rainwater penetrating soil layer 509 and extra water on paved road
surface 511 fed from pipe 513, both as purified, thereby supplying a
necessary amount of water for plant 515 to grow during a year.

[0100] On the other hand, reservoir 507 comprises spacers 520 made

of resin conduit drainage basin material, stacked up higher than the

upper end of container 519. Water inside container 519 is separated
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from charcoal 508 by the presence of spacers 520, thereby allowing the
scope of application of container 519 to be widened as wide as desired.
In other words, a predetermined type of reservoirs 506 having lid 5138
are arranged in parallel in gutter-shaped zone 505, while reservoirs
507 containing spacers 520 are inserted where it fails to cover.

[0101] Then, another mode of realization is explained, referring to
Fig. 17 showing a sectional view of the road surface drainage cleaning
and greening system according to the mode of realization. Incidentally,
elements constructed and working similarly as shown in Fig. 17 are
denoted with identical numerals also in Fig. 17, omitting detailed
explanation. Road surface drainage and greening system 601 forms
two separate gutter-shaped zones 505, as shown in Fig. 17, with walls
504 standing from top plate 503 of underground headrace channel 502
and gutter 521.

[0102] Foundation is constructed with antiseptic chips 522 excellent
in permeability in drainage, where there is no plant cultivation in
gutter-shaped zones 505 to pave the surface with woodchips 510,
thereby making a woody footway gentle to walking feet. Planting
belts can be thus arranged in parallel to the footway serving with 1ts
lower face as a greening system. Road surface drainage and greening
system 601 installed on of underground headrace channel 502 as shown
in Fig. 17 is applicable also to usual footways or median strips having
no structure under the surface.

Industrial Applicability

[0103] This greening system 1s not only applicable to rooftop
ereening, greening of bridges, paved streets and areas, the upper
surface of canals such as underground sewerage, reservoirs, etc. but

also helpful to clean up surface drainage e.g. on driveways.
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CLAIMS

1. A greening system, with a soil layer formed for greening
plant to grow in a bottomed container opened on top, equipped with a
water regulator feeding water necessary for the plant to grow and
draining out extra water, characterized in that the container, separated
by a perforated partition panel into upper and lower zones, has drain
holes opened on sides on the upper face of the partition panel, a water
storage of watertight structure inside the half lower than the partition
panel, materials of porous structure formed of continuous fine pores
for absorbing water evaporating from the water storage being
contained or laminated 1n the soil layer placed on the partition panel.

2. The greening system according to claim 1 characterized in
that the container has a drainage formed with walls made of highly
water-permeable material on sides in the vicinity of the upper face of
the partition panel and a watertight structured water storage to embed
underground in the lower half below the partition panel inside the
container.

3. A greening system, with a soil layer formed for greening
plant to grow in a bottomed container opened on top, equipped with a
water regulator feeding water necessary for the plant to grow and
draining out excess water, characterized in that the container has a
watertight-structured water storage all over the lower half of the
container, spacers made of highly water-permeable material stacked at
least up to the level higher than the upper end of the water storage,
materials of porous structure formed of continuous fine pores for
absorbing water evaporating from the water storage being contained or
laminated 1n the soil layer placed on the upper face of the spacers,
interposing a highly breathable sheet.

4. The greening system according to claim 3, characterized in
that the container has a watertight-structured water storage formed
with watertight sheet extended all over the lower half, drain holes
opened at bottom or on sides for draining out water overflowing from

the water storage and the spacers stacked at least up to the level higher
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than the upper end of the watertight sheet.

5. A greening system, with a soil layer formed for greening
plant to grow in a bottomed container opened on top, equipped with a
water regulator feeding water necessary for the plant to grow and
draining out extra water, characterized in that the container has a net
placed on water storing small containers arranged in parallel on
bottom face, drain holes opened on bottom or side faces for draining
out water overflowing from the small containers, materials ot porous
structure formed of continuous fine pores for absorbing water
evaporating from the water storage being contained or laminated in the
soil layer placed on the upper face of the net, interposing a highly
breathable sheet.

6. The greening system according to any one of claims 1 to 5,
characterized in that the porous structure is based on charcoal of
mainly carbonized plywood or stickers collected from building rubbles
wasted in construction work.

7. The greening system according to any one of claims 1 to 5,
characterized in that the soil layer is formed of light woody soil based
mixture of mainly charcoal and humus timber chips to have a large
water capacity letting less water evaporate into the air.

8. The greening system according to claim 1 or 2, characterized
in that there is a charcoal layer interposed between the soil layer and
the partition panel.

9. The greening system according to claim 3, 4 or 5,
characterized in that the soil layer interposes a charcoal layer
enveloped by a highly breathable sheet.

10. The greening system according to any one of claims 1 to 5,
characterized in that the water storage has a capacity of storing an
amount of water necessary for the plant to grow with natural rainfall
during a year.

11. The greening system according to any one of claim 1, 3 or 5,
characterized in that a plurality of the containers are arranged 1n

parallel on a roof slab of a rooftop of a building for the drain holes to
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be communicated with one another and the containers are placed on
crossbeams as supported by girders constituting the rooftop slab.

12. The greening system according to claim 11, characterized in
that level-adjusting plates are interposed between the plurality of
containers and the girders, and bulk-increasing bands are fixed around
the containers to enable variations in thickness and height of the soil
layer.

13. A greening system, equipped with a soil layer formed for
greening plant to grow, a water storage for feeding water necessary for
the plant to grow, and a water regulator for draining out extra water,
characterized in that the water storage comprises a perforated lid to
carry a planting soil layer at least either containing or laminating
porous-structured material formed of continuous fine pores and a water
storing container having notches for overflow, vertical gutters
continuous with the notches on side-walls and push-ups for drainage
formed longitudinally and transversely on bottom face, and inner walls
projected from the lower face of the perforated lid or the inner tace ot
the water storing container to abut the water storing container or the
lid, also having an opening for water to pass through.

14. A greening system taking advantage of purified road surface
drainage, characterized in that it comprises: a gutter-shaped zone,
placed on sides of paved road surface, arranging reservoirs in parallel
on bottom face and disposing porous-structured material formed of
continuous fine pores where apart from the water surface of the
reservoirs; drainage lead-in for introducing drainage into the gutter-
shaped zone from paved road surface or gutters; a soil layer, placed on
the upper face of the porous structure, for greening plants to grow; and
an outflux of purified water overflowing from the reservoirs after
purified by the porous-structured material.

15. The greening system taking advantage of purified road

surface drainage according to claim 14, characterized in that the

~outflux of purified water is an underground headrace channel

connected to the lower face of the gutter-shaped zone and the top plate
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of the underground headrace channel has holes for flowing down the

purified water and feeding water evaporating from the underground

headrace channel to the porous-structured material.
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