EP 2 631 364 B1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 631 364 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: EO01C 3/00 (2006.07) E01C 3/06 (2006.01)
07.02.2018 Bulletin 2018/06 E01C 7/14 (200000 E01C 9/00 (20°00"
EO01C 11/22(2006.01) E01C 19/50 (2006.07)
(21) Application number: 11833694.0
(86) International application number:
(22) Date of filing: 08.09.2011 PCT/CN2011/001524
(87) International publication number:
WO 2012/051788 (26.04.2012 Gazette 2012/17)
(54) MANUFACTURING PROCESS FOR ARTIFICIAL PAVEMENT FOR COUNTERING GLOBAL
WARMING
HERSTELLUNGSVERFAHREN FUR EINEN KUNSTLICHEN STRASSENBELAG ZUR
BEKAMPFUNG DES TREIBHAUSEFFEKTS
PROCEDE DE FABRICATION D’'UNE CHAUSSEE ARTIFICIELLE PERMETTANT DE LUTTER
CONTRE LE RECHAUFFEMENT CLIMATIQUE
(84) Designated Contracting States: (72) Inventors:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB ¢ Chen, Jui-Wen
GRHRHUIEISITLILTLULV MC MK MT NL NO New Taipei City (TW)
PL PT RO RS SE SI SK SM TR ¢ Chen, Ting-Hao
New Taipei City (TW)
(30) Priority: 19.10.2010 CN 201010526375
(74) Representative: Horak, Michael
(43) Date of publication of application: Horak Rechtsanwilte
28.08.2013 Bulletin 2013/35 Georgstrasse 48
30159 Hannover (DE)
(73) Proprietors:
* Chen, Jui-Wen (56) References cited:

New Taipei City (TW)
Chen, Ting-Hao
New Taipei City (TW)

EP-A1- 0 388 496
WO-A2-02/40784
US-A- 5 906 454

WO0-A1-2005/113900
CN-A- 1271 042
US-A1- 2005 047 866

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 631 364 B1 2

Description
(a) Technical Field of the Invention

[0001] The present invention generally relates to a
method for manufacturing artificial paving that help im-
proving global warming, and more particularly to artificial
paving that is constituted by an underground ecological
gradation layer and an artificial water-permeable surface
paving layer, which allows rainwater to be efficiently and
effectively conducted into the underground gradation lay-
er to effect storage of rainwater and reduction of surface
flooding and also to form an excellent propagation envi-
ronment in earth of the ecological gradation layer for mi-
crobial strains and earth protozoa for biological diversity,
thereby helping maintaining soil wet and thus realizing
regulation of temperature and humidity of the surround-
ing and improving quality of earth.

(b) Description of the Prior Art

[0002] Generally, conventional construction of con-
crete paving is done by pouring a sufficient amount of
cement grout on the ground, leveling the cement grout,
and then setting brick tiles thereon, to thereby form arti-
ficial concrete paving.

[0003] The conventional paving according is made of
concrete or a combination of concrete and bricks, and
concrete is generally water impermeable. Even though
the concrete is water permeable one, pores of the con-
crete are easily blocked. Further, the concrete may gen-
erate calcium oxide, which blocks the pores and cannot
be removed and cleaned, so that water permeability may
get much lower than the precipitation rate. When rainwa-
ter is accumulated on the ground, ifit cannot be efficiently
discharged into the underside soil, flood disasters may
result easily due to accumulation of a large amount of
precipitation.

[0004] In the construction of regular roads or in the
urban areas, paving for ground of construction site is of-
ten made integrally as a water impermeable surface pav-
ing layer. This prevents underside soil from contacting
the atmosphere existing above the paving and replen-
ishment of underground water with precipitation is
blocked off. This causes damage to the environment. Ap-
parently, such a concrete made paving structure that is
water impermeable is not an ideal one. In cities, when it
rains, the ground surface lacks of sufficient water perme-
ation and thus most of the rainwater must be drained
through unban sewage systems. Rainwater may finally
be collected in underground main ducts of the sewage
systems to be discharged to seas or oceans. This is just
a water of the natural resources of rainwater. Further,
the rainwater, once conducted to a low altitude area, may
result in flooding disasters.

[0005] As the soil has the function of absorbing water,
and can vaporize humidity when contacting the atmos-
phere in a dry or hot environment to generate a heat
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exchange effect with the atmosphere, and may automat-
ically regulate the humidity so as to avoid the occurrence
of heat island effect.

[0006] Itis known that without efficient water permea-
bility, rainwater drainage on ground surface will become
poor. Thus, it is of importance to construct a gradation
layer that is effective in maintaining water permeability
and preservation of water. Further, to improve earth and
ecological environment in earth, an environment that is
beneficial to microorganisms and earth protozoa inhab-
iting in earth. The microorganisms inhabiting in earth gen-
erally include bacteria (eubacteria and archaea), fungi
(filamentous fungi and yeasts), and algae. The earth pro-
tozoa include for example amoeba and ciliates. There
are a huge number of ciliates existing in earth, and they
make a great contribution for decomposition of organic
substances. Insects, including ants, centipedes, aphids,
and mites, help moving soils or digests residual body
portions of organisms and thus providing organic sub-
stances. Earthworms may help formation of soil pellets,
which are good for air ventilation and water draining.
Nematodes help digesting organic matters or other small
creatures. There are also vertebrates inhabiting in earth,
such as mice, which dig and loosen soil, and provide
excrements for fertilizing earth. They are also a member
of an underground food chain.

[0007] Earth microorganisms play an important role in
keeping quality of earth. The existence of earth organ-
isms is a vital factor for change and quality of earth en-
vironment.

[0008] Studies show the importance of microorgan-
isms to earth is as follows:

(1) decomposition of organic substances and per-
formance of mineralization by fully decomposing or-
ganic substances to nutrient elements;

(2) fixation of nitrogen (N,) in atmosphere and con-
version into NHj, serving as useful resources of ni-
trogen for organisms;

(3) prompting nitrification, which converts NH,* into
nitrite nitrogen (NO,"), and then nitrate nitrogen
(NOgy") for easy absorption by plants;

(4) performing de-nitrification, which converts NO5
into N,O and No;

(5) prompting dissolution of coupled or fixed chem-
ical compounds of for example phosphorous, sulfur,
iron, and manganese; and

(6) interaction with other earth microorganisms,
which play an important role of the survival of such
other microorganisms in the environment.

[0009] Thus, constructing a good environment for
mass propagation of earth microorganisms is beneficial
for improvement of earth. Further, formation of a water
preservation gradation layer under an artificial paving lay-
er allows for mutual contact with a top surface of the water
permeable paving layer. Through mutual contact be-
tween soil and the atmosphere, heat exchange due to
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humidity and temperature is conducted just like respira-
tion, helping realizing efficient water drainage and elim-
inating potential risk of surface accumulation of water,
thus providing a practical effect.

[0010] In view of the above discussed issue, the
present invention aims to provide a method for manufac-
turing artificial paving that helps improving global warm-
ing and allows for construction of concrete paving that
shows water permeability and environmental protection
feature to allow underside gradation layers to become
an ecological gradation layer to activate organic sub-
stances contained in soil and improve global warming
problem.

[0011] Prior art documents are known, such as WO
2005/113900 A1 and WO 02/40784 A2. WO
2005/113900 A1 discloses an environmental water re-
source recycling system that comprises a plurality of
drainpipe units buried in a concrete layer to allow rain-
water to flow through the concrete layer so as to drain
rainwater to a sand layer for recycling of the rainwater.
WO 02/40784 A2 discloses a sub-base drainage device
that is used to replace gravel or crushed rock in a drain-
age bed. The drainage device comprises hollow spheri-
cal shells with holes formed therein to provide a higher
water-carrying capacity.

SUMMARY OF THE INVENTION

[0012] Thus, an objective of the present invention is to
provide a method for manufacturing artificial paving that
helps improving global warming for quickly conducting
rainwater falling on ground surface downward into the
underground soil, wherein an artificial paving having high
water permeability is formed to reduce potential risk of
flooding on ground surface, accumulate and store water,
and help recycling water resources of precipitation.
[0013] Another objective of the present invention is to
provide a method for manufacturing artificial paving that
helps improving global warming, which converts an un-
derground gradation layer into an ecological gradation
layer, which ensure high water content so that when the
outside temperature gets high, drainpipes of the artificial
paving allow water contained underground to be convert-
ed into vapor to be released to the atmosphere in order
to regulate surrounding temperature and humidity and
thus eliminate or alleviate heat island effect.

[0014] A further objective of the present invention is to
provide a method for manufacturing artificial paving that
helps improving global warming, which comprises an un-
derground ecological gradation layer that uses a water
permeable surface paving layer to enhance water ab-
sorption thereof and also provide drainpipes capable of
water draining and water storage and drainpipes capable
of water draining and water condensation under the
ground so that through a huge number of drainpipes in-
stalled in this way to conduct surface rainwater into the
underside gradation layers, allowing water to penetrate
down into the underground water stratum, whereby the
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water permeable artificial paving layer enhances the for-
mation of an excellent environment thereunder for micro-
organisms and earth protozoa inhabiting in the surround-
ing earth, and the gradation layer is formed as an eco-
logical gradation layer, so that an effect of improving glo-
bal warming is realized between earth and atmosphere
on ground surface.

[0015] To achieve the above objectives, the present
invention provides a method having the features of claim
1. The foregoing objectives and summary provide only a
brief introduction to the present invention. To fully appre-
ciate these and other objects of the present invention as
well as the invention itself, all of which will become ap-
parent to those skilled in the art, the following detailed
description of the invention and the claims should be read
in conjunction with the accompanying drawings.
Throughout the specification and drawings identical ref-
erence numerals refer to identical or similar parts.
[0016] Many other advantages and features of the
present invention will become manifest to those versed
in the art upon making reference to the detailed descrip-
tion and the accompanying sheets of drawings in which
a preferred structural embodimentincorporating the prin-
ciples of the present invention is shown by way of illus-
trative example.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

FIG 1 is a schematic view showing an artificial geo-
logical layer constructed in accordance with the
present invention.

FIG 2 is an exploded view of water draining structure
of awater permeable paving according to the present
invention.

FIG 3 is a perspective view of the water draining
structure of the water permeable paving according
to the present invention in an assembled form.

FIG 4 is an exploded view of a drainpipe capable of
air storage according to the present invention.

FIG 5 is an exploded view of a water reservoir ac-
cording to the present invention.

FIG 6 is a schematic view showing a gradation layer
containing hollow bodies mixed therein according to
the present invention.

FIG7is an exploded view showing various structures
of hollow bodies that provide different functions ac-
cording to the present invention.

FIG 8 is a cross-sectional view showing a draining
and condensation pipe contained in water permea-
ble paving according to the present invention.

FIG 9 is a cross-sectional view showing a water
draining and water storage pipe contained in water
permeable paving according to the present inven-
tion.

FIG 10 is a cross-sectional view showing another
embodiment according to the present invention in
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which drain holes is drilled in concrete paving.

FIG 11 is an exploded view of a condensation pipe
capable of water draining and air storage according
to another embodiment of the present invention.
FIG 12 is perspective view of the pipe FIG 11 in an
assembled form.

FIG 13 is a cross-sectional view showing the pipe of
FIG 11 embedded in concrete paving according to
the present invention.

FIG 14 is an exploded view of a water storage pipe
capable of water draining and water storage accord-
ing to another embodiment of the present invention.
FIG 15 is a perspective view of the pipe of FIG 14 in
an assemble form.

FIG 16 is a cross-sectional view showing the pipe of
FIG 14 embedded in concrete paving according the
present invention.

FIG 17 is a cross-sectional view showing an alter-
native form of the water storage pipe of the present
invention shown in FIG 14.

FIG 18 is a cross-sectional view showing an ecolog-
ical gradation layer not according to the present in-
vention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0018] The following descriptions are exemplary em-
bodiments only, and are not intended to limit the scope,
applicability or configuration of the invention in any way.
Rather, the following description provides a convenient
illustration for implementing exemplary embodiments of
the invention. Various changes to the described embod-
iments may be made in the function and arrangement of
the elements described without departing from the scope
of the invention as set forth in the appended claims.

[0019] Referring to FIG 1, the present invention pro-
vides a method for manufacturing artificial paving that
help improving global warming, which comprises, after
leveling of ground surface, laying an ecological gradation
layer 10. The ecological gradation layer 10 may be on-
site earth and/or gradation material commonly used for
road construction, including aggregates, soils, gravels,
a mixture of water-permeable concrete, and additionally
and of importance, comprising unique hollow bodies 11.
All the constituent components are mixed and laid on the
bottom, and then, after pressurization for ramming, an
interfacing layer 20 is selectively and additionally setther-
eon. The interfacing layer 20 may comprise a piece of
non-woven fabric or a net, or a layer of sand. Atop the
interfacing layer 20, a drain layer 30 is set. The drain
layer is composed of gravels (or crushed stones) or sand
or a combination of both. Finally, a water permeable pav-
ing layer 40 is set on the drain layer 30. With such an
arrangement, rainwater that drops to the ground surface
can be allowed to permeate all the ground layers artifi-
cially set above to penetrate to an underground water
stratum 60 under an underground soil stratum 50, where-
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by rainwater can be conducted to the underground water
stratum 60 deeply under the earth to serve as supple-
mental underground resources and also, the gradation
layers can be modified to serve as an ecological grada-
tion layer 10, which when used in combination with the
water permeable paving layer 40, provides versatile func-
tions and also form an excellent survival environment for
soil microorganisms and earth protozoa.

[0020] The interfacing layer 20 and the drain layer 30
can be used individually or in combination. Alternatively,
the water permeable paving layer 40 is directly set atop
the ecological gradation layer 10, and the interfacing lay-
er 20 and the drain layer 30 are selectively added ac-
cording to actual water drainage of the construction site
to realize similar effects of water draining and protection
against global warming.

[0021] ReferringtoFIGS. 2 and 3, the water permeable
paving layer 40 (as shown in FIG 1) comprises a frame-
work composed of a plurality of drainpipes 41 for draining
water, an upper connection frame 42, a lower connection
frame 43, a sealing lid moldboard 44, condensation pipes
45 having a function of air storage, and a water reservoir
46. The condensation pipe 45 provides a function of air
storage and preservation, whereby in case of large area
flooding, a survival space that provides air to under-
ground microorganisms is kept. Each of the drainpipes
41 has a top end portion forming a diameter-reduced
section 411 and a bottom end portion forming a retention
ring 412 and a retention wedge 413 (see FIG 4). The
diameter-reduced section 411 on the top end of the drain-
pipe 41 can be directly fit into a barrel 421 formed on the
upper connection frame 42, while the lower end of the
drainpipe can be fit into a collar 431 formed on the lower
connection frame 43 to allow the collar 431 received and
retained between the retention ring 412 and retention
wedge 413. The drainpipes 41 are hollow member. Dur-
ing pouring of cement slurry or grout, to securely retain
the sealing lid moldboard 44 in position and prevent ce-
ment mixture undesirably filling into and thus blocking
the drainpipes, a plurality of sealing lids 441 is formed
on the undersurface of the moldboard 44 so that during
the pouring of cement mixture, the sealing lids 441 that
are fit into top openings of the drainpipes 41 prevent the
cement mixture from filling into and thus blocking the
pipes (see FIG 3). The moldboard and the lids can then
be removed after the pour cement mixture cures into solid
to form a concrete-constructed water permeable paving
layer.

[0022] Referring to FIG 4, the condensation pipe 45
that has air storage function is constructed in such a way
that, as shown in the embodiment illustrated in the draw-
ings, an outer tube 414 is fit over and coupled to a drain-
pipe 41. The outer tube 414 has a top forming a hole
4141. The outer tube 414 forms a circumferential gap
4142 therein, so that the combination of a drainpipe 41
and an outer tube 414 forms a drainpipe structure that is
capable of water draining, air ventilation, and water con-
densation and collection. In an alternative embodiment,
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the circumferential gap 4142 can be formed as being
delimited by an inside surface of an outer tube and an
outside surface of a drainpipe when the outer tube and
the drainpipes are combined to each other.

[0023] Referringto FIG 5, the water reservoir 46 is cou-
pled to an end, particularly the bottom end, of a drainpipe
41. Structurally, the water reservoir 46 comprises a top
cover 461 and a base box 462. The top cover 461 has a
top forming a hole 4611, and a rim 4612 is formed along
a circumference of the top cover. The top cover 461 has
an outside diameter greater than an outside diameter of
the base box 462 and this helps preventing cement grout
or slurry from getting into the base box during grouting
or preventing sand of the drain layer from entering the
base box. The base box 462 comprises a central tube
4621 and a circumferential gap 4622 around the central
tube. The base box has a top forming spaced spot pro-
jections 4623. The central tube 4621 has an inside sur-
face on which raised ribs 4624 are formed to help retain-
ing the base box 462 when the base box is fit to the lower
end of the drainpipe, so that the drainpipe 41 and the
water reservoir 46 are combined together to form a struc-
ture of drainpipe that is capable of water draining, air
ventilation, and water storage/preservation. The spot
projections 4623 function to provide a gap for water inlet
passage between the top cover 461 and the base box
462 when they are fit to each other. In an alternative
embodiment, the central tube 4621 is formed so that a
top end of the central tube is located higher than the top
of the outer circumferential wall of the base box 462, so
that when the top cover 461 and the base box 462 are
fit to each other, a gap is formed to serve as water inlet
passage.

[0024] Referring to FIGS. 6 and 7, the ecological gra-
dation layer 10 is generally formed of hollow bodies 11,
in combination of on-site earth, including aggregates,
soils, gravels, or a mixture of water permeable concrete,
and additionally and selectively comprising other grada-
tion materials that are of no harm to the environment,
such as earthenware particles. The hollow bodies 11 that
show unique functions are preferably in the form of
sphere, for a spherical structure is more resistant to com-
pression stress from any direction and provide voids for
the gradation layer. However, other shapes that can be
readily manufactured may also be adopted. The hollow
body 11 is composed of two halves, each constituting a
shell member 111. Preferably, the hollow body is made
of plastics, but they can be made of other traditionally
used materials. The shell members of the hollow body
are made of awall of great thickness and each shell mem-
ber 111 forms a plurality of through apertures 112. The
hollow bodies 11 used in the present invention can be
made as engineering hollow body for differentuses, such
as a disaster-prevention water-storage hollow body, or
an earth improvement hollow body, or a microorganism-
culture hollow body or a water-keeping hollow body, or
any type of hollow body that meetthe need for on-site use.
[0025] The disaster-prevention water-storage hollow
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body, as shown in the embodimentillustrated in the draw-
ings, comprises two shell members 111, which are com-
bined with each other to form a hollow body that carries
through apertures 112 formed therein. Thus, when the
hollow bodies are mixed in the gradation layer, in case
of extremely high precipitation, when the water permea-
ble paving layer 40 needs to efficiently conduct away the
rainwater, which leads to immediate saturation of water
content in the gradation layer 10, water can be guided
by the apertures 112 of the shells into the interior space
of the hollow body, so that the chance for surface flooding
in the related area can be prevented. With sufficient time
lapse, penetration gradually conducts the water into the
underground water stratum, and then the water received
in the disaster-prevention water-storage hollow bodies
is allowed to slowly release. This ensures an effect of
efficient water drain for the ground surface.

[0026] The earth-improvement hollow body is con-
structed with two shell members 111, which are com-
bined with each other to form an interior space in which
a carbon-contained substance 113, such as active car-
bon or binchotan, or an earth-improvement agent desired
for improvement of local earth, is filled, whereby when
the earth-improvement hollow bodies are mixed in the
gradation layer, the carbon-contained substance 113
functions to absorb and activate acidifying substance or
harmful substance entraining water that penetrates
downward and passes through the earth-improvement
hollow bodies or that contained in the surrounding soil,
so as to realize improvement of earth quality.

[0027] The microorganism-culture hollow body is com-
posed of two shell members 111, which are combined to
form an interior in which selected microbial strains 114
are deposited to serve as an excellent culture site for a
large quantity of microorganisms. With the microorgan-
ism-culture hollow bodies mixed in the gradation layer,
microorganisms can be effectively cultured and an im-
proved environment for propagation is provided. The mi-
croorganisms so cultured can help decomposing organic
substance contained in the soil, prompting nitrification,
performing de-nitrification, and improving ecological en-
vironment of earth.

[0028] The water-keeping hollow body is composed of
two shell members 111, which are combined to form an
interior in which a water absorption substance 115 is
filled, such as sponge or other water absorptive material
that are not decomposable by microorganisms, so that
when the water-keeping hollow bodies are mixed in the
gradation layer, the water absorption substance 115
helps to absorb water when water flows through the hol-
low bodies so as to keep water from flowing away from
the earth that ensures sufficient supply for survival and
propagation of microorganisms and also improving water
preservation and increasing water contentin dry area. In
case of high temperature on the ground surface, the high
content of water in the earth allows water to be converted
into vapor that is then released to the environment for
heat exchange with the environment so that the heat is-
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land effect can be eliminated or alleviated.

[0029] Referring to FIG 8, the water permeable paving
layer 40 comprises, in structure thereof, a plurality of con-
densation pipes 45 having air storage function, and an
upper connection frame 42 and alower connection frame
43 respectively attached to top and bottom ends of the
condensation pipes. Each condensation pipe 45 forms
therein a circumferential gap 4142. In a cold zone, when
the surrounding temperature is low, vapor or humid from
the underground drain layer 30 of which the soil has a
temperature higher than the surrounding temperature
above the ground surface may be converted into con-
densed water 4143 on the wall surfaces of the circum-
ferential gap 4142, so that water can be extracted from
the atmosphere to realize natural replenishment of soil
water. In case of precipitation, rainwater that falls on the
surface paving layer is guided by water conduction
grooves 401 into the barrel 421, flowing downward into
the drainpipe 41, and entering the drain layer 30, so that
water can be effectively collected, avoiding the water di-
rectly flowing along sewage system to the oceans, which
represents a waste of water resources. Further, in case
of extremely heavy precipitation that leads to flooding,
the condensation pipe 45 having water storage function,
due to a closed top end of the circumferential gap 4142,
forms an enclosed air storage, whereby an emergency
shelter is provided for preservation and supply of air to
microorganisms or earth protozoa, which, in a flooded
area, can survive from drowning by taking the air pre-
served in the shelter The survival of microorganisms or
protozoa can ensure quick recovery in a short period and
also offer helps to organic substance contained in the soil.
[0030] Referring to FIGS. 3, 5, and 9, the water per-
meable paving layer 40 comprises, structurally, a plurality
of water reservoirs 46 which function to store and accu-
mulate water therein, and drainpipes 41 fixed between
an upper connection frame 42 and a lower connection
frame 43 for draining water. At least one or each of the
drainpipes 41 has a bottom end to which each water res-
ervoir 46 is attached (see FIG 3). The water reservoir 46
is composed of a top cover 461 and a base box 462. The
base box has a central tube 4621 having a top end that
is located higher position or spaced spot projections 4623
are provided (see FIGS. 5 and 9), so as to form a water
inlet passage. When the drain layer 30 get saturated with
water, water that penetrates downward is guided through
the air inlet passage into a circumferential gap 4622
formed in the water reservoir to be accumulated and
stored therein. Such stored water ensures water supply
for microorganisms or protozoa inhabiting in the sur-
rounding earth in case of draught for the survival of these
microorganisms and protozoa. This also effects regula-
tion of the underground water temperature and humidity
to maintain living of plants and also to prevent desertifi-
cation.

[0031] Referring to FIGS. 10, 11, and 14, another em-
bodiment of the present invention is illustrated, wherein
the water permeable paving layer is constructed in such
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a way that after leveling of ground and setting of an ec-
ological gradation layer 10, a paving layer 40a is formed
on the ecological gradation layer 10. Preferably, the pav-
ing layer 40a comprises reinforcement bars 402 and the
reinforcement bars 402 are arranged in a tessellate form
or added with other reinforcement materials. Cement
grout is then poured over the reinforcement and a rigid
concrete paving is formed after the grout cures. Alterna-
tively, the paving layer 40a is not formed of concrete and
reinforcement, and instead the paving layer is made of
asphalt. Hole drilling tools 47 are then used to form a
plurality of drain holes 403 in the rigid paving surface.
Condensation pipes 45a capable of water draining and
air storage (see FIG 11) or water storage pipes 46a ca-
pable of water draining and water storage (see FIG 14),
which are made in the form of individual pipes, are used
in combination or individually according to the environ-
ment of the construction site. At least one of these two
pipes are selected and fit into the drain holes 403 that
are formed in advance. In this way, an artificial paving
that helps improving global warming is similarly realized.
[0032] Referring to FIGS. 11, 12, and 13, the conden-
sation pipe 45a capable of water draining and air storage
in the form of individual pipe shown in FIG 10 comprises,
structurally, an inner tube 41a and an outer tube 414a.
The inner tube 41a is a hollow tube having a top forming
a diameter-expanded circumferential flange 415. The
outer tube 414a has a top forming a hole 4141. The outer
tube 414a has an inside wall forming a sloped inside sur-
face 4144. The outer tube 414a has an outside wall form-
ing raised structures 4145. With the condensation pipes
45a properly fit into the drain holes 403 formed in the
paving layer 40a (as shown in FIG 13), the paving layer
40a forms a water permeable paving layer. When the
paving layer 40a that allows for water permeationis flood-
ed, the ecological gradation layer 10 is completely satu-
rated with water and the excessive water is guided into
the circumferential gap 4142 (see FIG 13). However, an
amount of air is preserved in the top portion of the cir-
cumferential gap so that a space for breathing and sur-
vival is provided for microorganisms and protozoa inhab-
iting in the surrounding earth in case of flooding. Also,
the wall surfaces of the circumferential gap between the
outer tube 414a and the inner tube 41a may constitute a
structure for water condensation.

[0033] Referring to FIGS. 14, 15, and 16, the water
storage pipe 46a capable of water draining and water
storage in the form of individual pipe shown in FIG 10
comprises, structurally, a water drain tube 41b to which
a water reservoir 46 is attached. The water reservoir 46
is composed of a top cover 461 and a base box 462. The
top cover 461 has a top forming a hole 4611, and a rim
4612 is formed along a circumference of the top cover.
The top cover 461 has an outside diameter greater than
an outside diameter of the base box 462. The base box
462 comprises a central tube 4621 and a circumferential
gap 4622 around the central tube. Preferably, the base
box has a top forming spaced spot projections 4623. The
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central tube 4621 has an inside surface on which raised
ribs 4624 are formed to help retaining the base box with
interference fitting realized by the raised ribs 4624 when
the base box 462 is fit to an end of water drain tube 41b,
so that the water drain tube 41b and the water reservoir
46 can be combined together to form a water storage
pipe 46a that is capable of both water draining and water
storage. In the embodiment illustrated, the top of the base
box 462 is provided with the spot projections 4623 in
order to form a water inlet passage. In an alternative em-
bodiment, the central tube 4621 is arranged to have a
top A thereof located higher than a top B of an outer wall
of the base box 462 (see FIG 16), so that a water inlet
passage can be formed between the top cover 461 and
the base box 462 when they are fit to each other.
[0034] As illustrated in the embodiment of FIG 16,
when the water storage pipe 46a is fit in a drain hole 403
that is previously formed in the paving layer 40a (see FIG
16), the paving layer 40a is constructed as a water per-
meable paving layer. Rainwater falling on the paving lay-
er 40a that allows for water permeation is conducted to
the underside ecological gradation layer 10, and once
the underside ecological gradation layer 10 get saturated
with water, excessive water is guided through the water
inlet passage into the circumferential gap 4622 to be ac-
cumulated and stored therein. The water so stored can
serve as a water supply for microorganisms and protozoa
inhabiting in the surrounding earth in case of draught.
This also effects regulation of the underground water
temperature and humidity to maintain living of plants and
also to prevent desertification.

[0035] If desired, an interfacing layer or a drain layer,
or both, can be selectively added between the ecological
gradation layer 10 and the water permeable paving layer
40a according to the local earth quality.

[0036] ReferringtoFIG 17, an alternative form of water
storage pipe according to the presentinvention is shown,
which is made in the form of an individual water storage
pipe 46b capable of water draining and water storage.
The water storage pipe 46b comprises, structurally, a
water drain tube 41c and a base box 462 attached there-
to. The water drain tube 41c has a top having an outer
circumference along which a rim 416 is formed in such
a way that the rim 416 has an outside diameter greater
than an outside diameter of the base box 462. The base
box 462 comprises a central tube 4621 and a circumfer-
ential gap 4622. Preferably, the base box has a top form-
ing spaced spot projections 4623. The central tube 4621
has an inside surface on which raised ribs 4624 are
formed to help retaining the base box with interference
fitting realized by the raised ribs 4624 when the base box
462 isfit to an end of water drain tube 41c, so that a water
storage pipe 46b that is capable of both water draining
and water storage is provided.

[0037] In the embodiment illustrated, the top of the
base box 462 is provided with the spot projections 4623
in order to form a water inlet passage. In an alternative
embodiment, the central tube 4621 is arranged to have
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a top A thereof located higher than a top B of an outer
wall of the base box 462, so that a water inlet passage
can be formed between the top cover 461 and the base
box 462 when they are fit to each other.

[0038] ReferringtoFIG 18, inthe embodimentillustrat-
ed and not falling under the scope of the claims, the ec-
ological gradation layer 10 can be formed of on-site earth
or gradation material traditionally used for road construc-
tion, which may comprise aggregates, soils, gravels, and
amixture of concrete, and may additionally comprise oth-
er gradation materials that are of no harm to the environ-
ment. The gradation layer comprises hollow bodies 11,
which unique functions. The hollow bodies 11 can be
arranged in such a way that a plurality of hollow bodies
arereceived and heldin anetbag to form a bag-contained
hollow body unit 12. The bag-contained hollow body units
12 can be directly laid as a gradation layer, or alterna-
tively, the hollow body units 12 can be mixed with earth
to form a gradation layer. These also provide the same
effects as discussed above.

[0039] It will be understood that each of the elements
described above, or two or more together may also find
a useful application in other types of methods differing
from the type described above.

[0040] While certain novel features of this invention
have been shown and described and are pointed out in
the annexed claim, it is not intended to be limited to the
details above, since it will be understood that various
omissions, modifications, substitutions and changes in
the forms and details of the device illustrated and in its
operation can be made by those skilled in the art without
departing in any way from the scope of the present in-
vention as defined by the claims.

Claims

1. A method for manufacturing artificial paving that
helps improving global warming, mainly constituted
by an ecological gradation layer (10) and a water
permeable paving layer (40), wherein:

after ground levelling, the ecological gradation
layer (10) is laid first; and

the water permeable paving layer (40) is set on
the ecological gradation layer (10);
characterized in that the ecological gradation
layer (10) is formed of gradation materials for
road construction or on-site earth and hollow
bodies (11) being mixed with the gradation ma-
terials or the on-site earth, each of the hollow
bodies (11) comprising a shell composed of two
halved shell members (111) jointed to each oth-
er to form an interior space, the hollow bodies
(11) forming through apertures (112) communi-
cating with the interior space, the hollow bodies
(11) and the gradation materials or the on-site
earth being laid and then subjected to pressur-
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ization for ramming;

whereby rainwater falling on ground is allowed
to effectively permeate the water permeable
paving layer (40) and the ecological gradation
layer (10) to reach an underground water stra-
tum (60) that is located under an underground
soil stratum (50), so that rainwater is conducted
to deep location of ground to supplement the
underground water stratum (60), and the eco-
logical gradation layer (10) provides an excellent
survival environment for microorganisms and
protozoa inhabiting in earth.

The method according to claim 1, wherein an inter-
facing layer (20) is additionally set above the eco-
logical gradation layer (10) and below the water per-
meable paving layer (40).

The method according to claim 1, wherein a drain
layer (30) is additionally set above the ecological gra-
dation layer (10) and below the water permeable
paving layer (40).

The method according to claim 2, wherein a drain
layer (30) is set above the interfacing layer (20).

The method according to claim 1, wherein the hollow
bodies (11) are constructed as disaster-prevention
water-storage hollow bodies (11).

The method according to claim 1, wherein the hollow
bodies (11) are constructed as earth-improvement
hollow bodies (11), having their hollow interior spac-
es filled with a carbon-contained substance (113) or
an earth-improvement agent.

The method according to claim 1, wherein the hollow
bodies (11) are constructed as microorganism-cul-
ture hollow bodies (11), having their hollow interior
spaces set with microbial strains (114)

The method according to claim 1, wherein the hollow
bodies (11) are constructed as water-keeping hollow
bodies (11), having their hollow interior spaces filled
with a water absorption substance (115), including
sponge or a water absorptive material that is not de-
composable by microorganisms.

The method according to claim 1, wherein each of
the hollow bodies (11) is composed of two halved
shell members (111) that mate each other.

The method according to claim 2, wherein the inter-
facing layer (20) comprises a piece of non-woven
fabric or a net, or a layer of sand.

The method according to claim 3 or claim 4, wherein
the drain layer (30) is composed of gravels, or sand,
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13.

or a combination of both, or a sand-based gradation
material.

The method according to claim 1, wherein the water
permeable paving layer (40) comprises a plurality of
drainpipes (41), an upper connection frame (42), a
lower connection frame (43), and condensation
pipes (45) having a function of air storage, each of
the condensation pipe (45) comprising an outer tube
(414) mounted to the drainpipe (41), the outer tube
(414) having a top forming a hole (4141), the outer
tube (414) forming a circumferential gap (4142)
therein, so that a combination of the drainpipe (41)
and the outer tube (414) forms a drainpipe structure
that is capable of water draining and collection of
condensed water.

The method according to claim 1, wherein the water
permeable paving layer (40) comprises a plurality of
drainpipes (41), an upper connection frame (42), a
lower connection frame (43), and water reservoirs
(46), each of the water reservoir (46) being attached
to an end of one drainpipe (41), each of the water
reservoirs (46) comprising a top cover (461) and a
base box (462), the top cover (461) having a top
forming a hole (4611), the top cover (461) having an
outer circumference along which a rim (4612) is
formed, the top cover (461) having an outside diam-
eter greater than an outside diameter of the base
box (462), the base box (462) comprising a central
tube (4621) and a circumferential gap (4622), the
central tube (4621) having a top located at a high
position, the base box (462) having a top forming
spaced spot projections (4623), which form a water
inlet passage when the top cover (461) and the base
box (462) are fit to each other, the central tube (4621)
having an inside surface forming raised ribs (4624),
whereby the drainpipe (41) and the water reservoir
(46) are combined together to form a drainpipe struc-
ture capable of water draining and water storage.

Patentanspriiche

1.

Verfahren zur Herstellung eines kinstlichen Stra-
Renbelags zur Bekdmpfung des Treibhauseffekts,
vorwiegend gebildet aus einer 6kologischen Abstu-
fungsschicht (10) und einer wasserdurchldssigen
StraRenbelagschicht (40), wobei:

nach der Bodeneinebnung die 6kologische Ab-
stufungsschicht (10) zuerst verlegt wird; und
die wasserdurchladssige Stralenbelagschicht
(40) auf der 6kologischen Abstufungsschicht
(10) verlegt wird;

gekennzeichnet dadurch, dass die 6kologi-
sche Abstufungsschicht (10) durch Abstufungs-
materialien fir den Strallenbau oder Baustel-
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lenerde gebildet wird und Hohlkérper (11) mit
den Abstufungsmaterialien oder der Baustellen-
erde vermischt werden, wobei jeder Hohlkérper
(11) eine Schale aus zwei halbierten Schalen-
teilen (111) umfasst, die miteinander verbunden
sind, um einen inneren Raum zu bilden, wobei
die Hohlkérper (11) Offnungen (112) bilden, die
mit dem inneren Raum in Verbindung stehen,
wobei die Hohlkérper (11) und die Abstufungs-
materialien oder die Baustellenerde verlegt und
dann durch Rammen verdichtet werden;
wodurch Regenwasser, das auf den Boden fallt,
wirksam die wasserdurchlassige Stralenbelag-
schicht (40) und die 6kologische Abstufungs-
schicht (10) durchdringen kann, um eine unter-
irdische Wasserschicht (60) zu erreichen, die
unter einer unterirdischen Bodenschicht (50)
liegt, so dass das Regenwasser in eine tiefe Bo-
denlage geflhrt wird, um die unterirdische Was-
serschicht (60) zu ergénzen, und die 6kologi-
sche Abstufungsschicht (10) bietet eine hervor-
ragende Uberlebensumwelt fiir Mikroorganis-
men und Protozoen im Erdreich.

Verfahren nach Anspruch 1, wobei eine Anschluss-
schicht (20) zusétzlich oberhalb der dkologischen
Abstufungsschicht (10) und unterhalb der wasser-
durchlassigen StralRenbelagschicht (40) verlegt ist.

Verfahren nach Anspruch 1, wobei eine Dranage-
schicht (30) zuséatzlich oberhalb der dkologischen
Abstufungsschicht (10) und unterhalb der wasser-
durchlassigen StralRenbelagschicht (40) verlegt ist.

Verfahren nach Anspruch 2, wobei eine Dranage-
schicht (30) oberhalb der Anschlussschicht (20) ver-
legt ist.

Verfahren nach Anspruch 1, wobei die Hohlk&rper
(11) als Katastrophenverhiitungs-Wasserspeicher-
Hohlkérper (11) gebaut sind.

Verfahren nach Anspruch 1, wobei die Hohlk&rper
(11) als Bodenverbesserungs-Hohlkérper (11) ge-
baut sind, deren hohle Innenrdume mit einer Koh-
lenstoff enthaltenen Substanz (113) oder einem Bo-
denverbesserungsmittel gefiillt sind.

Verfahren nach Anspruch 1, wobei die Hohlk&rper
(11) als Mikroorganismenkultur-Hohlkérper (11) ge-
baut sind, mit Bakterienstdmmen (114) in ihren hoh-
len Innenrdumen.

Verfahren nach Anspruch 1, wobei die Hohlk&rper
(11) als wasserhaltende Hohlkérper (11) gebaut
sind, deren hohle Innenrdume mit einer wasserab-
sorbierenden Substanz (115) gefillt sind, ein-
schlieBlich Schwamm oder eines wasserabsorbie-
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10.

1.

12.

13.

renden Materials, das nicht von Mikroorganismen
zersetzbar ist.

Verfahren nach Anspruch 1, wobei jeder Hohlkdrper
(11) aus zwei halbierten Schalenteilen (111) zusam-
mengesetzt ist, die zusammenpassen.

Verfahren nach Anspruch 2, wobei die Anschluss-
schicht (20) ein Stlick aus nicht gewebtem Stoff um-
fasst oder ein Netz, oder eine Sandschicht.

Verfahren nach Anspruch 3 oder Anspruch 4, wobei
die Dranageschicht (30) aus Kies oder Sand oder
einer Kombination von beiden besteht, oder einem
Abstufungsmaterial auf Sandbasis.

Verfahren nach Anspruch 1, wobei die wasserdurch-
lassige Strallenbelagschicht (40) eine Vielzahl von
Abflussrohren (41) umfasst, einen oberen Verbin-
dungsrahmen (42), einen unteren Verbindungsrah-
men (43) sowie Kondensationsrohre (45) zur Luft-
speicherung, wobei jedes Kondensationsrohr (45)
ein AuBenrohr (414) umfasst, das an das Abflussrohr
(41) (41) montiert ist, wobei das Auf3enrohr (414) ein
Oberteil umfasst, das ein Loch (4141) bildet, wobei
das AuBenrohr (414) eine Umfangsliicke (4142) da-
rin bildet, so dass eine Kombination des Abflussrohrs
(41) und des AuRenrohrs (414) eine Abflussrohr-
struktur bildet, die zur Entwasserung und Sammlung
von Kondenswasser geeignet ist.

Verfahren nach Anspruch 1, wobei die wasserdurch-
lassige Strallenbelagschicht (40) eine Vielzahl von
Abflussrohren (41) umfasst, einen oberen Verbin-
dungsrahmen (42), einen unteren Verbindungsrah-
men (43) sowie Wasserreservoirs (46), wobei jedes
Wasserreservoir (46) an einem Ende eines Abfluss-
rohrs (41) angebracht ist und jedes der Wasserre-
servoirs (46) ein obere Abdeckung (461) und einen
Basiskasten (462) umfasst, wobei die obere Abde-
ckung (461) ein Oberteil umfasst, das ein Loch
(4611) bildet, und die obere Abdeckung (461) einen
AuBenumfang umfasst, entlang dessen ein Rand
(4612) gebildetist, wobei die obere Abdeckung (461)
einen gréReren Aulendurchmesser als ein AulRen-
durchmesser des Basiskastens (462) hat und der
Basiskasten (462) ein zentrales Rohr (4621) und ei-
ne Umfangslicke (4622) umfasst, wobei das zentra-
le Rohr (4621) ein Oberteil in einer hohen Position
umfasst und der Basiskasten (462) eine Spitze um-
fasst, die beabstandete punktférmige Vorspriinge
(4623) bildet, die einen Wassereinlassdurchgang
bilden, wenn die obere Abdeckung (461) und der
Basiskasten (462) zusammengesetzt werden, wo-
bei das zentrale Rohr (4621) eine Innenflache um-
fasst, die erhabene Rippen (4624) bildet, wodurch
das Abflussrohr (41) und das Wasserreservoir (46)
miteinander verbunden sind, um eine Abflussrohr-
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struktur zu bilden, die zur Entwasserung und Was-
serspeicherung geeignet ist.

Revendications

Procédé de fabrication d’'une chaussée artificielle qui
aide a améliorer le réchauffement climatique, prin-
cipalement constituée par une couche de gradation
écologique (10) etune couche de chaussée perméa-
ble a I'eau (40), ou:

apres le nivellement du sol, la couche de gra-
dation écologique (10) est placée en premier; et
la couche de chaussée perméable a I'eau (40)
est placée sur la couche de gradation écologi-
que (10);

caractérisé en ce que la couche de gradation
écologique (10) est constituée de matériaux de
gradation pour la construction de routes ou de
la terre du site et des corps creux (11) étant mé-
langés avec les matériaux de gradation ou la
terre du site, chacun des corps creux (11) com-
prenant une coquille composée de deux élé-
ments de coquille (111) qui sont des moitiés et
qui sont assemblés I'un a 'autre pour former un
espace intérieur, les corps creux (11) formant
des ouvertures traversantes (112) qui commu-
niquent avec I'espace intérieur, les corps creux
(11) et les matériaux de gradation ou la terre du
site étant placés et puis soumises a pressurisa-
tion pour le damage;

selon lequel I'eau de pluie qui tombe sur le sol
est autorisée a s'infiltrer efficacement dans la
couche de chaussée perméable a I'eau (40) et
la couche de gradation écologique (10) pour at-
teindre une strate d’eau souterraine (60) qui est
située sous une strate de terre souterraine (50),
de sorte que I'eau de pluie soit conduite vers un
emplacement profonde du sol pour s’ajouter a
la strate d’eau souterraine (60), et la couche de
gradation écologique (10) fournit un environne-
ment de survie excellent pour les microorganis-
mes et les protozoaires qui habitent dans la ter-
re.

Procédé selon la revendication 1, ou une couche de
liaison (20) est en outre placée au-dessus de la cou-
che de gradation écologique (10) et au-dessous de
la couche de chaussée perméable a I'eau (40).

Procédé selon la revendication 1, ou une couche de
drainage (30) est en outre placée au-dessus de la
couche de gradation écologique (10) et au-dessous
de la couche de chaussée perméable a I'eau (40).

Procédé selon la revendication 2, ou une couche de
drainage (30) est placée au-dessus de la couche de
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liaison (20).

Procédé selon la revendication 1, ou les corps creux
(11) sont construits comme des corps creux de stoc-
kage d’eau pour la prévention de catastrophes (11).

Procédé selon la revendication 1, ou les corps creux
(11) sont construits comme des corps creux d’amé-
lioration de la terre (11), ayant leurs espaces intéri-
eurs creux remplis avec une substance contenue
dans le carbone (113) ou un agent d’amélioration de
la terre.

Procédé selon la revendication 1, ou les corps creux
(11) sont construits comme des corps creux de cul-
ture de micro-organismes (11), ayant des souches
microbiennes (114) dans leurs espaces intérieurs
creux .

Procédé selon la revendication 1, ou les corps creux
(11) sont construits comme des corps creux de ré-
tention de I'eau (11), ayant leurs espaces intérieurs
creux remplis d’'une substance qui absorbe I'eau
(115), y compris de I'’éponge ou un matériau absor-
bant I'eau qui n’est pas décomposable par des mi-
croorganismes.

Procédé selon la revendication 1, ou chacun des
corps creux (11) est constitué de deux éléments de
coquille (111) qui sont des moitiés et qui s’assem-
blent I'un a 'autre.

Procédé selon la revendication 2, ou la couche de
liaison (20) comprend une piece de textile non-tissé
ou un filet, ou une couche de sable.

Procédé selon la revendication 3 ou la revendication
4, ou la couche de drainage (30) est constituée de
gravier, ou sable, ou une combinaison des deux, ou
un matériel de gradation a base de sable.

Procédé selon la revendication 1, ou la couche de
chaussée perméable a I'eau (40) comprend une plu-
ralité de tuyaux de drainage (41), un cadre de con-
nexion supérieur (42), un cadre de connexion infé-
rieur (43), et des tuyaux de condensation (45) ayant
une fonction de stockage d’air, chacun des tuyaux
de condensation (45) comprenant un tube extérieur
(414) monté sur le tuyau de drainage (41), le tube
extérieur (414) ayant une partie supérieure quiforme
un trou (4141), le tube extérieur (414) y formant un
interstice circonférentiel (4142), de sorte qu'une
combinaison du tuyau de drainage (41) et le tube
extérieur (414) forme une structure de tuyau de drai-
nage qui est capable de drainer de I'’eau et collecter
de I'eau condensée.

Procédé selon la revendication 1, ou la couche de



19 EP 2 631 364 B1

chaussée perméable a I'eau (40) comprend une plu-
ralité de tuyaux de drainage (41), un cadre de con-
nexion supérieur (42), un cadre de connexion infé-
rieur (43), et des réservoirs d’eau (46), chacun des
réservoirs d’eau (46) étant attaché a une extrémité
d’un tuyau de drainage (41), chacun des réservoirs
d’eau (46) comprenant un couvercle supérieur (461)
et une boite de base (462), le couvercle supérieur
(461) ayant une partie supérieure qui forme un trou
(4611), le couvercle supérieur (461) ayant une cir-
conférence extérieure le long de laquelle est formé
un bord (4612), le couvercle supérieur (461) ayant
un diamétre extérieur supérieur a un diamétre exteé-
rieur de la boite de base (462), la boite de base (462)
comprenant un tube central (4621) et un interstice
circonférentiel (4622), le tube central (4621) ayant
une partie supérieure situé en position haute, la boite
de base (462) ayant une partie supérieure qui forme
des saillies (4623) espacées, qui forment un passa-
ge d’entrée de I'eau lorsque le couvercle supérieur
(461) et la boite de base (462) sont emboités entre
eux, le tube central (4621) ayant une surface inté-
rieure qui forme des nervures saillantes (4624), de
maniére que le tuyau de drainage (41) et le réservoir
d’eau (46) se combinent pour former une structure
de tuyau de drainage capable de drainer de I'eau et
de stocker de I'eau.
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