(12) STANDARD PATENT (11) Application No. AU 2017376874 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title

A draining mesh module and a method of operating a draining mesh in a construc-
tion

International Patent Classification(s)
E21D 11/38 (2006.01) E21F 16/02 (2006.01)
E02D 31/02 (2006.01)
Application No: 2017376874 (22) Date of Filing:  2017.12.15
WIPO No: WO18/108223

Priority Data

Number (32) Date (33) Country
PA 2017 70516 2017.06.29 DK

PA 2016 70995 2016.12.15 DK
Publication Date: 2018.06.21

Accepted Journal Date: 2023.11.23

Applicant(s)
Dolenco Group ApS

Inventor(s)
Poulsen, Johnny René

Agent / Attorney
WRAYS PTY LTD, L7 863 Hay St, Perth, WA, 6000, AU

Related Art

WO 2009/005438 A1
EP 2253761 A2

WO 91/10782 A1




wo 20187108223 A1 | 0000 R0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert <
0T rpmivation > 0 0 0 0 0 AR 0
International Bureau —/) (10) International Publication Number
(43) International Publication Date —— WO 2018/108223 A1
21 June 2018 (21.06.2018) WIPO I PCT
(51) International Patent Classification: (72) Inventor: POULSEN, Johnny René; Ostergade 37,
E21D 11/38 (2006.01) E02D 31/02 (2006.01) Skuldelev, 4050 Skibby (DK).
E21F 16/02 (2006.01) (74) Agent: JORGENSEN, Bjorn Barker et al.; AWA Den-
(21) International Application Number: mark A/S, Strandgade 56, 1401 Copenhagen K (DK).
PCT/DK2017/050433 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
15 December 2017 (15.12.2017) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
- . CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
(25) Filing Language: English

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(26) Publication Language: English HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
PA 2016 70995 15 December 2016 (15.12.2016) DK OM., PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
PA 2017 70516 29 June 2017 (29.06.2017) DK SC. SD, SE, SG, SK., SL. SM. ST, SV, SY, TH, TJ, TM, TN,
(71) Applicant: DOLENCO GROUP APS [DK/DK]; @stet- TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
gade 37, Skuldelev, 4050 Skibby (DK).

(30) Priority Data:

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(54) Title: A DRAINING MESH MODULE AND A METHOD OF OPERATING A DRAINING MESH IN A CONSTRUCTION

(57) Abstract: A draining mesh module (1) for building into a construction, such as a tunnel wall, to provide draining channels in said
construction, comprises at least one semi pipe (21) of a flexible material. The draining mesh module (1) has a longitudinal direction
(A) and a cross direction (B) extending crosswise to the longitudinal direction. The semi pipe (21) constitutes a part of a channel (2)
extending from one longitudinal end (1a) to an opposite longitudinal end (1b) of the draining mesh module (1), and that the longitudinal
ends of the draining mesh module comprise attachment means (11, 12) for interconnecting longitudinal ends of two adjacent draining
mesh modules (1-1, 1-2), whereby a channel (2) in one of those two draining mesh modules is connected to a channel (2) in the other
of those two draining mesh modules.

[Continued on next page]



WO 2018/108223 A1 || /00 OO0 000 AR

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



19 Oct 2023

2017376874

A DRAINING MESH MODULE AND A METHOD OF OPERATING A DRAINING MESH
IN A CONSTRUCTION

TECHNICAL FIELD

[0001] The present invention relates to a draining mesh module for building into a
construction, such as a tunnel wall, to provide draining channels in said construction,

comprising at least one semi pipe of a flexible material.

BACKGROUND ART

[0002] A drainage mesh module of the above art is known from W0O2009/005438A1,
which discloses a drainage mesh comprising two sets of parallel channels intersecting
each other at acute angles. At some of the intersection an intersection box is provided,
which is provided with an access tube extending to the surface of the construction in an
installed condition of the drainage mesh. In case of a blockage in a channel of the
mesh, an access tube may be used for flushing the mesh to remove the blockage.
However, since the channels are interconnected at every intersection, the flushing
agent, such as water, may circumvent the blockage rather than flushing it away. Further
since only a limited number of access tubes are provided the distance between a
blockage and the nearest access tube may be substantial making it difficult to flush
away the blockage.

[0003] It is against this background that the present invention has been developed.

[0004] The preceding discussion of the background art is intended to facilitate an
understanding of the present invention only. The discussion is not an acknowledgement
or admission that any of the material referred to is or was part of the common general
knowledge as at the priority date of the application.

SUMMARY OF INVENTION

[0005] It is an object of the present invention to provide a drainage mesh module
that facilitates provision of draining channels in a construction, such as a tunnel wall,
and/or facilitates flushing such draining channels, and to provide a method of operating

a drainage mesh.



19 Oct 2023

2017376874

[0006] Having a first aspect the object is obtained in that said draining mesh module
has a longitudinal direction and a cross direction extending crosswise to the longitudinal
direction, said at least one semi pipe constituting at least a part of a channel extending
from one longitudinal end to an opposite longitudinal end of the draining mesh module,
and that the longitudinal ends of the draining mesh module comprise attachment means
for interconnecting longitudinal ends of two adjacent draining mesh modules, whereby a
channel in one of those two draining mesh modules is connected to a channel in the
other of those two draining mesh modules. Hereby provision of an extended draining

mesh comprising a plurality of draining mesh modules is facilitated.

[0007] In an embodiment the draining mesh module comprises a number of
channels extending from one longitudinal end to the other longitudinal end, said
channels being mutually disconnected between said longitudinal ends of the draining
mesh module. This facilitates flushing a blockage since a flushing fluid, such as water,
will be less inclined to circumvent the blockage. Alternatively, one or more of the

channels is/are connected to another channel, respectively.

[0008] In a further embodiment said channels are interconnected at the longitudinal
ends of the draining mesh module by cross channels. Hereby water may still be drained
and damming of water be limited, if a channel is blocked. In other embodiments, no

cross channels are present.

[0009] In a further embodiment at least a first of said cross channels is provided by
a section of thin walled material, a second of said cross channels being adapted to
reach over to seize the material of the first cross channel to interconnect longitudinal
ends of two adjacent draining mesh modules. Hereby the means for interconnecting
adjacent modules are provided in a simple and effective manner because the
connection of the two adjacent draining mesh modules is provided for over substantially
the entire width of the draining mesh modules.

[0010] In an embodiment the attachment means for interconnecting longitudinal
ends of two adjacent draining mesh modules are snap-locking means. When the means
for interconnecting adjacent modules are provided by the second of the cross channels
being adapted to reach over to seize the material of the first cross channel, the second
of said cross channels may thus be adapted to snap-lock onto the section providing the

first of said cross channels. Hereby is obtained that the adjacent modules are more
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securely held together during installation, the installation operation thereby being

facilitated.

[0011] In a further or alternative embodiment, a flat section is present adjacent to
the second of the cross channels for fixing to the construction. The fixing may e.g. be
obtained by driving a nail or the like through the flat section and into an intermediate
surface of the construction on which the draining mesh modules is being positioned and

fixed for installation.

[0012] In an embodiment at least two adjacent channels are extending from one
longitudinal end to an opposite longitudinal end of the draining mesh module said two
adjacent channels extending in a wave like manner and in a mutual 180° phase
displacement whereby the two adjacent channels are interconnected at junctions where
troughs and crests of the respective waves meet. Hereby is further obtained that water
dammed due to blockage of one channel may be drained through the second channel of

a pair.

[0013] In a further embodiment a cross-sectional area of the junctions is
approximately twice a cross-sectional area of the channels. This ensures an even flow
through different parts of the draining mesh module.

[0014] In a further embodiment a plurality of said at least two adjacent channels is
provided, said channels comprising a plurality of waves. Hereby is obtained that the
draining mesh module provides a draining mesh structure for an area of a substantial
size thus facilitating providing a widespread draining mesh structure in a construction by
combining a number of draining mesh modules. In an embodiment five of said at least
two adjacent channels are provided and said channels respectively comprises three
waves, larger or smaller numbers may be used depending on an intended size of the
draining mesh modules in their longitudinal and cross directions considering facilitation
of installation, transport, storage, etc. Further another number than two might be used
for the adjacent channels that are interconnected at junctions where troughs and crests

of the respective waves meet.

[0015] As used herein semi pipe means a pipe which is open at one side leaving the

material of the pipe with e.g. a U-shaped, a C-shaped or a semi-circular cross-section.
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[0016] The walls of the semi pipes are in an embodiment plain i.e. uncorrugated
thereby avoiding spaces where debris might gather. Alternatively, the walls may be

corrugated, especially to provide improved flexibility.

[0017] The flexible material should allow the draining mesh module to bend to at
least generally follow a surface onto which the draining mesh module is mounted for
installation whilst the material should be sufficiently robust to prevent the semi pipe from

collapsing when covered e.g. with shotcrete during installation.

[0018] As used herein a draining mesh is to be understood as a system of channels
leading from a high level, such as the ceiling or top of a tunnel to a low level such as
near the floor of such tunnel whereby several channels may be connected to allow
liquid, such as water drained by means of the draining mesh, to flow horizontally to a
certain degree which may not be substantial.

[0019] In an embodiment, within an area covered overall by the draining mesh
module, the draining mesh per se covers between 70 % and 90%, preferably between
75% and 85% of said area, whilst the remaining parts of the area are void to ensure on
one hand an effective draining function and on the other hand a good adherence
between layers of construction material, such as shotcrete on either side of the draining

mesh module.

[0020] Having a second aspect, this is obtained in that said material is degradable.
Building a draining mesh into a construction using draining mesh modules according to
the invention provides instantaneously draining channels in the construction. However,
the present inventor has realised that once the construction is finished and set the
draining mesh modules are as such not required any longer. Using a degradable
material entails that after installation of a drainage mesh comprising channels provided
by the draining mesh modules, the material of the modules degrades to be flushed
away by water drained by the mesh and accordingly, once the construction need to be
renovated by tearing down and rebuilding parts of the construction, draining mesh
material, such as plastics, need not be separated from the main construction material,
such as concrete to be disposed of separately, which entails that the solution according
to the invention is more environment-friendly and economic than the prior art. Further,
the cross section of the channels is slightly enlarged when the degraded material of the

draining mesh modules is flushed away, which contributes to facilitating removal by
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flushing of future blockage e.g. due to debris emanating from the construction.

[0021] The degradable material may e.g. be a biologically degradable material, such
as polylactic acid or another biologically degradable plastics material. Alternatively, the
degradable material may e.g. be alkali degradable to be decomposed by the alkaline
environment provided by concrete, such as shotcrete, in which the draining mesh
module is embedded when installed, or the degradable material may e.g. be a water

soluble material to be dissolved by the water that is drained through the draining mesh.

[0022] Having a third aspect, the object is obtained in that said material is
translucent or transparent to microwave radiation, especially at the wavelength used by
Ground Penetrating Radar (GPR) technique. This facilitates a method of detecting
blockage whereby a surface of a construction in which the draining mesh module(s) are
embedded is scanned by GPR scanning. According to the result of the scanning a hole
may be drilled into the construction at the location of the blockage in order to provide an
access for flushing the blocked channel.

[0023] Having a fourth aspect, a method of operating a drainage mesh in a
construction, such as a tunnel wall, provided by a number of drainage mesh modules,
e.g. according to the present invention, comprises scanning, e.g. GPR scanning, a
surface of said construction overlying at least a part of the drainage mesh to observe
blockages and damming of water in said draining mesh, providing a hole from said
surface into a channel of the drainage mesh, and removing one or more said blockages
via said hole.

[0024] In an embodiment of said fourth aspect, the step of removal of one or more
said blockages includes flushing a flushing fluid, such as water, through said hole.

[0025] In another embodiment of said fourth aspect, the step of removal of one or
more said blockages includes inserting a tool through said hole to mechanically remove
one or more said blockages, said tool preferably being so flexible as to allow it to enter
said drainage mesh so as to remove one or more said blockages. Flexibility of the tool
thus may allow for easier removal of said blockage(s).

[0026] In another embodiment of said fourth aspect, the method further comprises
the subsequent step of flushing fluid through said drainage mesh and observing,
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preferably visually, whether said one or more blockages have been removed by

observing whether said fluid exits said drainage mesh.

[0027] In another embodiment of said fourth aspect, said hole extends at an inclined
angle to said drainage mesh. The drainage mesh may extend substantially in a plane,
said angle being 10 to 80, 20 to 70, 30 to 60 or 40 to 50 degrees in relation to said
plane. This may allow for easier cleaning since a tool for said flushing or mechanical
cleaning may be inserted at an inclined angle, allowing for easier access to the

spacings of the drainage mesh.

[0028] According a first aspect of the invention there is provided a draining mesh
module for building into a construction, such as a tunnel wall, to provide draining
channels in said construction, comprising at least one semi pipe of a flexible material, ¢
haracterizedinthat said draining mesh module has a longitudinal direction and a
cross direction extending crosswise to the longitudinal direction, said at least one semi
pipe constituting at least a part of a channel extending from one longitudinal end to an
opposite longitudinal end of the draining mesh module, and that the longitudinal ends of
the draining mesh module comprise attachment means for interconnecting longitudinal
ends of two adjacent draining mesh modules, whereby a channel in one of those two
draining mesh modules is connected to a channel in the other of those two draining

mesh modules.

[0029] Preferably, comprising a number of channels extending from one longitudinal
end to the other longitudinal end, said channels being mutually disconnected between
said longitudinal ends of the draining mesh module.

[0030] Preferably, several of said channels are interconnected at the longitudinal
ends of the draining mesh module by cross channels.

[0031] Preferably, at least a first of said cross channels is provided by a section of
thin walled material, a second of said cross channels being adapted to reach over to
seize the material of the first cross channel to interconnect longitudinal ends of two

adjacent draining mesh modules.

[0032] Preferably, said attachment means for interconnecting longitudinal ends of

two adjacent draining mesh modules are snap-locking means.
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[0033] Preferably, a flat section adjacent the second of the cross channels for fixing

to the construction.

[0034] Preferably, at least two adjacent channels are extending from one
longitudinal end to an opposite longitudinal end of the draining mesh module said two
adjacent channels extending in a wave like manner and in a mutual 180° phase
displacement whereby the two adjacent channels are interconnected at junctions where

troughs and crests of the respective waves meet.

[0035] Preferably, a cross-sectional area of the junctions is approximately twice a

cross-sectional area of the channels.

[0036] Preferably, said material is degradable.

[0037] Preferably, said material is translucent or transparent to microwave radiation,
especially at a wavelength used by Ground Penetrating Radar technique (GPR).

[0038] According to a second aspect of the invention there is provided a method of
operating a drainage mesh in a construction, such as a tunnel wall, provided by a
number of drainage mesh modules according to the first aspect of the invention by
scanning, e.g. GPR scanning, a surface of said construction overlying at least a part of
the drainage mesh to observe blockages in said draining mesh, providing a hole from
said surface into a channel of the drainage mesh, and removing one or more said

blockages via said hole.

[0039] Preferably, the step of removal of one or more said blockages includes

flushing a flushing fluid, such as water, through said hole.

[0040] Preferably, the step of removal of one or more said blockages includes
inserting a tool through said hole to mechanically remove one or more said blockages,
said tool preferably being so flexible as to allow it to enter said drainage mesh so as to

remove one or more said blockages.

[0041] Preferably, the method further comprises the step of flushing fluid through
said drainage mesh and observing, preferably visually, whether said one or more
blockages have been removed by observing whether said fluid exits said drainage

mesh.
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[0042] Preferably, said hole extends at an inclined angle to said drainage mesh.

DESCRIPTION OF THE DRAWINGS

[0043] Further features of the present invention are more fully described in the
following description of several non-limiting embodiments thereof. This description is
included solely for the purposes of exemplifying the present invention. It should not be
understood as a restriction on the broad summary, disclosure or description of the
invention as set out above. The description will be made with reference to the

accompanying drawings in which:

[0044] Fig. 1 is a perspective view from an outside of a draining mesh module

according to an example of an embodiment of the invention,

[0045] Fig. 2 shows a section along II-1l in Fig. 1 seen obliquely from the outside and

in a downwards longitudinal direction,

[0046] Fig. 3 is an enlarged perspective partial view seen from an inside of adjacent
ends of two draining mesh modules,

[0047] Fig. 4 is a vertical section of a tunnel wall comprising a draining mesh, and

[0048] Fig. 5 is a vertical section of a tunnel wall comprising a draining mesh and

illustrates insertion of a cleaning tool.

[0049] In the drawings like structures are referred to by like numerals throughout the
several views. The drawings shown are not necessarily to scale, with emphasis instead

generally being placed upon illustrating the principles of the present invention.

DESCRIPTION OF EMBODIMENTS

[0050] Fig. 1 shows an overview of a draining mesh module 1 comprising of a
number of draining channels 2 forming a mesh structure. The draining mesh module 1
is generally an element of a thin walled, flexible material and comprises a plurality of
semi pipes 21 providing the draining channels 2. The draining channels 2 are extending
in a wave like manner from a first longitudinal end 1a to a second longitudinal end 1b of

the draining mesh module 1. Thus the draining mesh module 1 has an arbitrarily defined
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longitudinal direction A and a cross direction B extending crosswise to the longitudinal

direction A.

[0051] In an intended mounted position, the draining channels 2 thus extend
downwards in an alternating angle from a vertical direction. The draining channels 2 are
in the embodiment shown organised in pairs and the two channels in each pair are
mutually displaced by 180° to have regular junctions 3 between the paired draining
channels where respective troughs and crests of the waveforms meet. The junctions 3
form common voids allowing drained water from a first draining channel to flow into its
paired draining channel and thereby distribute flow. The cross-sectional area of the
junctions 3 is approximately twice the cross-sectional area of the channels 2 to ensure

an even flow through different parts of the draining mesh module.

[0052] The alternating angle of the respective draining channels creates a shape
having a width 4 being the largest distance between the two paired draining channels at

half way between respective junctions 3.

[0053] The draining mesh module 1 comprise five pairs of draining channels 2, the
pairs being disconnected from each other between the longitudinal ends 1a, 1b of the

draining mesh module 1.

[0054] At the longitudinal ends 1a, 1b the pairs of channels 2 are mutually
connected in that the junctions 3’ of a top row 7 and a bottom row 8 are interconnected
by cross channels 9, 10. The cross channels 9, 10 are provided by respective sections
11, 12 of the thin walled material and the dimensions of the cross channel 9 at the top
row 7 are slightly larger than the dimensions of the cross channel 10 at the bottom row
8 and accordingly the section 11 of one draining mesh module 1-2 is adapted to reach
over and seize the section 12 of an adjacent draining mesh module 1-1 as indicated by
arrow C in Fig. 3, the cross channel 8 being thereby nested into the cross channel 7.
Thus the sections 11 and 12 provide attachment means for interconnecting the
longitudinal ends 1a and 1b of two adjacent draining mesh modules 1-2 and 1-1. The
section 11 may even snap-lock onto the section 12 to keep the two draining mesh
modules 1-1 and 1-2 together during installation as explained below. The draining mesh
module 1 is further equipped with lateral connection means 13, 14 for connecting
laterally a series of draining mesh modules 1 as it will be explained below. The lateral

connection means comprise left connection means 13 and right connection means 14
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both of which are cup-shaped but slightly different of size whereby the right connection
means 14 may be nested into the left connection means 13 (or vice versa) and be snap-
locked in the nested position.

[0055] Finally, the draining mesh module comprises first web sections 15 or flat
section at top row 7 of junctions 3 and second web sections 16 or flat section at the
junctions 3 intermediate of the top and bottom rows 7, 8.

[0056] Referring to Fig. 4 a draining mesh 30 may be installed in a tunnel wall as
follows. A first layer of shotcrete 31 is applied to a rock wall 32 of a tunnel 33. The first
layer of shotcrete 31 provides a relatively even surface, compared to the surface of the
rock wall 32, as a support for the draining mesh 30. The draining mesh 30 is provided
by attaching draining mesh modules 1 to the first layer of shotcrete 31 by positioning
draining mesh modules 1 on said first layer of shotcrete 31 with the inside of the
draining mesh modules 1 against the first layer of shotcrete 31 and fixing the draining
mesh module 1 e.g. by driving nails through the first and second web sections 15 and
16 by means of a nail gun. The draining mesh modules 1 are positioned with their top
row 7 upwards and the cross channels 9, 10 substantially horizontal. A number of
draining mesh modules 1 may be interconnected before being attached to the first layer
of shotcrete 31 nesting together cross channels 9 and 10 as described above and
nesting left and right connection means 13, 14 together as also described above, or the
draining mesh modules 1 may be connected successively as they are ready for fixing to
the first layer of shotcrete 31 in order to secure the correct mutual positioning of
adjacent draining mesh modules 1. Especially cross channels 9, 10 should be correctly
nested to ensure connection of the channels 2 of one draining mesh module 1-2 with
the channels 2 of the adjacent draining mesh module 1-1 below.

[0057] Thus, in the embodiment shown (Fig. 3), the five junctions 3’ in the bottom
row 8 of the first draining mesh module 1-1 are nested into the five junctions 3’ of the
top row 7 of the second draining mesh module 1-2 when the section 12 is nested into
section 11 to provide a united junctions connecting the five paired channels 2 of the first
draining mesh module 1-1 respectively with the five paired channels 2 of the second
draining mesh module 1-2. Thus sets of paired channels 2 may be provided from the
top of the tunnel to the bottom of the tunnel, where the cannels 2 of the lowest draining
mesh modules are connected to a drain such as a gutter or the like. At the connections
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between respective draining mesh modules 1 the nested, and thus combined, cross
channels 9, 10 provide for liquid flowing laterally between the different sets of paired
channels 2.

[0058] Lateral connection of draining mesh modules 1 may be dispensed with since

the channels 2 of respective draining mesh modules 1 are not laterally interconnected.

[0059] Once the draining mesh modules 1 have been fixed to the first layer of
shotcrete 31 by means of nails (or other suited fastening means), a second layer of
shotcrete 34 is applied starting with covering the semi pipes 21, junctions 3, and the
bottom and top row 8, 7 including the combined cross channels 9, 10 to further secure
the draining mesh modules 1 to the first layer of shotcrete 31 and ensure formation of
draining channels in the second layer 34 of shotcrete. Subsequently shotcrete is applied
to the areas between semi pipes, etc. to provide a complete second layer of shotcrete
34 with a good adherence to the first layer of shotcrete 31. A third layer of shotcrete 35
is subsequently applied. Whereas the first and the second layer of shotcrete are water
permeable to allow water seeping from the rock wall 32 to be drained through the
draining mesh 30 thus provided, the third layer 35 is water impermeable to force the

seeping water into the draining mesh 30.

[0060] In an embodiment the second layer of shotcrete 34 may be water
impermeable and in such case the third layer of shotcrete may be dispensed with. Such
embodiment is e.g. applicable where only small amounts of water are leaking or
seeping from the rock wall.

[0061] In the embodiment shown the paired draining channels 2 forms generally a
diamond like shape allowing water leaking through the rock wall 32 to be efficiently
drained. It is preferred that the shaped formed by the paired draining pipes have a width
4 that is smaller than the length between adjacent junctions 3 connecting the two
channels 2 of a pair of channels, but the shape could be any elongated shape such as
an ellipse shape or a hexagonal shape. The width 4 is in an embodiment 10 to 20 cm.

[0062] In the embodiment shown each channel 2 in the draining mesh module 1
forms three waves and five pairs of channels 2 are present in the draining mesh module
1. The draining mesh module 1 is in an embodiment made of a flexible thin walled
material and thus the inside of the draining mesh module 1 is generally a negative of the
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outside of the draining mesh module 1. This allows the draining mesh modules 1 to be
stacked for transport, at least the semi pipes 21, and the junctions 3 and 3’ of a draining
mesh module 1 being at least partially nested into the semi pipes 21, and the junctions
3 and 3’ of adjacent draining mesh modules 1 above and below in the stack. The
draining mesh module 1 preferably has overall dimensions in the longitudinal direction A
and the cross direction B that are suited for transport e.g. for the draining mesh module
to have dimensions similar to a pallet, e.g. a EUR-pallet.

[0063] A draining mesh like the draining mesh 30 risk blockage of channels e.g. due
to debris emanating from the rock wall 32 and accordingly flushing of certain sections of
certain channels may be needed once in a whilst. Accordingly, an inner surface 36 of
the tunnel wall may be scanned at intervals of e.g. 1 to 5 years using any known
scanning technique suited to observe material such as water or solid material in the
normally hollow channels 2. Such scanning may e.g. be a GPR scanning technique.
Having observed a blockage 37 a hole may be drilled as indicated by arrow D into the
channel 2, see Fig. 4, at the blockage to provide an opening for injecting flushing liquid,
such as water into the draining mesh 30 to remove the blockage.

[0064] As an alternative, as shown in Fig. 5, blockage may be removed by inserting
a tod-shaped tool 40 through said hole to mechanically remove the blockage 37. The
tool shown is so flexible as to allow it to enter the drainage mesh 30 so as to remove the
blockage 37. Flexibility of the tool 40 allows for easier removal of the blockage.

[0065] Subsequent to removal of the blockage, fluid is flushed through the drainage
mesh 30 and it is observed visually whether the blockage 37 has been removed by

observing whether the fluid is able to exit from the drainage mesh 30.

[0066] As shown in Fig. 5, the hole extends at an inclined angle, specifically about
45 degrees, to the drainage mesh 30. The drainage mesh 30 extends substantially in a
plane; however, with a small curvature corresponding to that of the tunnel wall, said
angle being 10 to 80, 20 to 70, 30 to 60 or 40 to 50 degrees in relation to said plane.
This allows for easier cleaning since the tool 40 may be inserted at a similarly inclined
angle, allowing for easier access to the spacings of the drainage mesh. Subsequent to

removal of the blockage 37, the hole is sealed using a quick-drying mortar.

[0067] In an embodiment the material of the draining mesh modules 1 is
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degradable, especially biologically degradable, such as polylactic acid. In this case the
draining mesh modules may be degraded and flushed away by water seeping from the
rock wall leaving draining mesh walls of shotcrete, and the draining mesh modules will

not influence the scanning.

[0068] In an embodiment in which the material of the draining mesh modules is not
degradable a material may be chosen which is translucent or transparent to microwave
radiation, especially at the wavelength used by Ground Penetrating Radar technique
(GPR) in order not to impede GPR scanning. Modifications and variations such as
would be apparent to the skilled addressee are considered to fall within the scope of the
present invention. The present invention is not to be limited in scope by any of the
specific embodiments described herein. These embodiments are intended for the
purpose of exemplification only. Functionally equivalent products, formulations and
methods are clearly within the scope of the invention as described herein. It will be
understood by those skilled in the art that various changes in form and details may be
made therein without departing from the spirit and scope of the invention as defined by

the appended claims.

[0069] Example embodiments are provided so that this disclosure will be thorough,
and will fully convey the scope to those who are skilled in the art. Numerous specific
details are set forth such as examples of specific components, devices, and methods, to
provide a thorough understanding of embodiments of the present disclosure. It will be
apparent to those skilled in the art that specific details need not be employed, that
example embodiments may be embodied in many different forms and that neither
should be construed to limit the scope of the disclosure. In some example
embodiments, well-known processes, well-known device structures, and well-known

technologies are not described in detail.

[0070] Such variations are not to be regarded as a departure from the disclosure,
and all such modifications are intended to be included within the scope of the

disclosure.

[0071] The method steps, processes, and operations described herein are not to be
construed as necessarily requiring their performance in the particular order discussed or
illustrated, unless specifically identified as an order of performance. It is also to be

understood that additional or alternative steps may be employed.
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[0072] Reference to positional descriptions and spatially relative terms), such as
‘inner”, “outer®, “beneath”, “below”, “lower”, “above”, “upper” and the like, are to be
taken in context of the embodiments depicted in the figures, and are not to be taken as
limiting the invention to the literal interpretation of the term but rather as would be

understood by the skilled addressee.

[0073] Although the terms first, second, third, etc. may be used herein to describe
various elements, components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element, component, region, layer or
section from another region, layer or section. Terms such as “first®, “second, and other
numerical terms when used herein do not imply a sequence or order unless clearly
indicated by the context. Thus, a first element, component, region, layer or section
discussed below could be termed a second element, component, region, layer or

section without departing from the teachings of the example embodiments.

[0074] It will be understood that when an element is referred to as being “on”,
“‘engaged”, “connected” or “coupled” to another element/layer, it may be directly on,
engaged, connected or coupled to the other element/layer or intervening
elements/layers may be present. Other words used to describe the relationship between
elements/layers should be interpreted in a like fashion (e.g. “between”, “adjacent”). As
used herein the term “and/or” includes any and all combinations of one or more of the

associated listed items.

[0075] The terminology used herein is for the purpose of describing particular

example embodiments only and is not intended to be limiting. As used herein, the

singular forms “a”, “an” and “the” may be intended to include the plural forms as well,

unless the context clearly indicates otherwise. The terms “comprise”, “comprises®,
“‘comprising®, “including®, and “having®, or variations thereof are inclusive and therefore
specify the presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other

features, integers, steps, operations, elements, components, and/or groups thereof.



19 Oct 2023

2017376874

15

CLAIMS

The claims defining the invention are as follows:

1. A draining mesh module for building into a construction, such as a tunnel wall, to
provide draining channels in said construction, comprising at least one semi pipe of a
flexible material, characterised in that said draining mesh module has a longitudinal
direction and a cross direction extending crosswise to the longitudinal direction, said at
least one semi pipe constituting at least a part of a channel extending from one
longitudinal end to an opposite longitudinal end of the draining mesh module, and that
the longitudinal ends of the draining mesh module comprise attachment means for
interconnecting longitudinal ends of two adjacent draining mesh modules, whereby a
channel in one of those two draining mesh modules is connected to a channel in the
other of those two draining mesh modules.

2. A draining mesh module according to claim 1, characterised by comprising a
number of channels extending from one longitudinal end to the other longitudinal end,
said channels being mutually disconnected between said longitudinal ends of the

draining mesh module.

3. A draining mesh module according to claim 1 or 2, characterised in that several of
said channels are interconnected at the longitudinal ends of the draining mesh module

by cross channels.

4. A draining mesh module according to claim 3, characterised in that at least a first
of said cross channels is provided by a section of thin walled material, a second of said
cross channels being adapted to reach over to seize the material of the first cross

channel to interconnect longitudinal ends of two adjacent draining mesh modules.

5. A drainage mesh module according to any one of claims 1 to 4, characterised in
that said attachment means for interconnecting longitudinal ends of two adjacent

draining mesh modules are snap-locking means.

6. A drainage mesh module according to claim 4 or 5, characterised by a flat section
adjacent the second of the cross channels for fixing to the construction.

7. A draining mesh module according to any one of claims 1 to 6, characterised in
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that at least two adjacent channels are extending from one longitudinal end to an
opposite longitudinal end of the draining mesh module said two adjacent channels
extending in a wave like manner and in a mutual 180° phase displacement whereby the
two adjacent channels are interconnected at junctions where troughs and crests of the

respective waves meet.

8. A draining mesh module according to claim 7, characterised in that a cross-
sectional area of the junctions is approximately twice a cross-sectional area of the

channels.

9. A draining mesh module according to any one of claims 1 to 8, characterised in
that said material is degradable.

10. A drainage mesh module according to any one of claims 1 to 9, characterised in
that said material is translucent or transparent to microwave radiation, especially at a

wavelength used by Ground Penetrating Radar technique (GPR).

11. A method of operating a drainage mesh in a construction, such as a tunnel wall,
provided by a number of drainage mesh modules according to any of claims 1 to 10,
characterised by scanning, e.g. GPR scanning, a surface of said construction overlying
at least a part of the drainage mesh to observe blockages in said draining mesh,
providing a hole from said surface into a channel of the drainage mesh, and removing
one or more said blockages via said hole.

12. A method according to claim 11, wherein the step of removal of one or more said

blockages includes flushing a flushing fluid, such as water, through said hole.

13. A method according to claim 11 or 12, wherein the step of removal of one or more
said blockages includes inserting a tool through said hole to mechanically remove one
or more said blockages, said tool preferably being so flexible as to allow it to enter said

drainage mesh so as to remove one or more said blockages.

14. A method according to any one of claims 11 to 13, further comprising the step of
flushing fluid through said drainage mesh and observing, preferably visually, whether
said one or more blockages have been removed by observing whether said fluid exits

said drainage mesh.
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15. A method according to any one of claims 11 to 14, wherein said hole extends at an

inclined angle to said drainage mesh.
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