Protective el enent, concrete elenent, and nethod for
produci ng a concrete el enent

Descri ption
The invention relates to a protective elenent for
connecting to a concrete element of a tunnel Ilining and

having at |east one protective portion which has a side
which faces the concrete elenment and on which is provided
at |least one connecting elenent for producing a durable
connection of the protective portion to the concrete
el enent, wherein the protective portion has a base portion
and/or a wall portion and at |east one region consisting of
at least one plastics material, and the protective el enent
has at |east one seal which is connected in a single piece
to the protective portion, wherein the connection is gas-
tight and liquid-tight, and the single-piece connection of
the seal to the protective portion is produced by injection
nmoulding with the at I|east one plastics nmaterial and
thereby fornms a first portion of the base portion and/or of
the wall portion of the protective portion.

Such concrete el enments and/or protective elenments are known
from WO 2011/085734 Al. Such concrete elenents are also
referred to in specialist circles as “tubbing” and are
used, for exanple, in nechanized shield tunnelling. Use is
made here, for exanple, of tunnelling boring machi nes which
conprise a boring head, behind which is arranged a
cylindrical shield with a shield skin and a shield tail

The shield has a smaller external dianeter than the boring
head, and there is therefore no direct contact between the
tunnel wall and shield. Wen the tunnelling boring nmachine
has advanced a certain distance, the concrete elenents are
positioned on the shield periphery in the tail of the
shield. They are pressed, counter to the advancenent
direction, onto the adjacent, last-fitted concrete el enent
and connected thereto. A plurality of concrete elenents



2

together form a ring over the entire circunference of the
tunnel. The gap between ring and tunnel wall is filled with
cenent, for exanple in order to prevent settling.

This nmethod of tunnel construction is also used, inter
alia, for constructing wastewater lines, in particular
relatively large collecting lines. As is also the case for
ot her possible use purposes, the sealing of the casing of
the tunnel here is subject to stringent requirenents. The
inner side of the tubbings is sealed by a casing, and
therefore it is not possible for any wastewater, or any
gases rising up from the wastewater, to pass into the
concrete via the tunnel walls and to damage sane
(corrosion).

WD 2005/ 024183 A1 and also JP 2004 132 002 disclose that
the tubbings used for the tunnel Ilining are produced
bef orehand, and that a casing is arranged on the inner side
of the tubbings as the latter are being produced, this
casing, when the individual tubbing rings are in the
assenbl ed state, sealing the tunnel wall against water and
gases. The concrete elenent here has provided on it a
protective |ayer, which covers an inner surface of the
tubbing, this inner surface being | ocated opposite a convex
outer surface. This protective |layer consists, according to
WD 2005/ 024183 Al, of glass-fibre plastics material or
pol yet hyl ene (PE) or, according to JP 2004 132 002, of a
synthetic resin and, in this case, in particular of
pol yet hyl ene (PE), polypropylene (PP), PVC, polyester or
vinylester and is anchored firmy in the <concrete by
mechani cal anchoring neans, and therefore the protective
layer is connected inseparably to the concrete. The
protective |layer here is designed such that only the inner
side of the tubbing elenent is covered (JP 2004 132 002) or
else a side surface of the concrete elenment is I|ikew se
al so partially encl osed (WD 2005/ 024183 Al).
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According to WD 2005/024183 Al, a seal, which projects
beyond the protective layer, is then provided on the side
surface. The seal is produced froman elastic material, and
therefore, when the individual tubbings are being assenbl ed
to form the tunnel lining, the joints between the adjacent
concrete elenents are closed by the seal

The concrete elenment of WD 2005/024183 Al itself is
produced by neans of a formwmrk. A protective layer is
positioned on the base of the formwrk. Furthernore,
i kewt se protective-layer elenments are placed on the side
walls of the formwmrk. The formmork also has an aperture,
into which the seal is inserted. The concrete is then
I ntroduced into the formwrk, in conjunction wth
reinforcenent. Once the concrete has set, the tubbing is
used as tunnel i ning.

WO 2011/085734 Al shows an inprovenent to this. It has been
found, in practice, in the arrangenent according to
WO 2005/ 024183 Al that | eakage can occur in the transition
bet ween the protective |ayer and seal where sufficient care
has not been taken, during the production of the concrete
el ement, in respect of inserting the seal into the formwrk
and/or in respect of arranging the seal in relation to the
protective layer. As a solution for this, W 2011/085734 Al
shows that the protective elenment 1is produced in an
injection muld in which the seal is inserted and is
encl osed by the inserted plastics material, with the result
that a liquid-tight and gas-tight connection between the

seal and protective el enent IS produced.
Pol ydi cycl opent adi ene ( pDCPD) S di scl osed as a
particularly advant ageous pl astics mat eri al for

encapsul ating the seal .

It is therefore an object of the invention to provide a
production method for a concrete elenment and an inproved
protective layer in which the protective elenent 1is
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inmproved in ternms of the use of material while having
suf ficient adhesion.

Wth respect to the protective-layer elenent, the object
according to the invention is achieved in that the base
portion and/or the wall portion of the protective portion
have/ has at |east one second portion, in that the second
portion has an areal extent, and in that the second portion
I's connected to the first portion by injection noulding.

It has been surprisingly found when searching to inprove
the above-described protective elenent that it is possible
to connect at |east one prepared portion of the protective
element to the injection-nmouldable plastic in such a way
that sufficient sealing of the protective elenent can be
achieved. At the sane tine, it is thus possible in a sinple
manner for the production costs of the protective elenent
to be lowered since it is possible to reduce the anmount of
i njection-nmoulding material and thus to sinplify the
production and the injection nould.

Injection moulding is to be understood here as all nethods
whi ch can be subsuned under injection noulding, that is to

say met hods in whi ch one or nor e
t her nopl asti cs/thernoset s/ el ast oners, for exanpl e as
pol yners or else a nononers, are introduced directly into a
moul d al one, individually, successively or simultaneously

(for exanple overnoulding or nulti-conponent injection
moul ding), or in which nonomers are processed which only
becone polyners in the injection nmould (for exanple
reacti on overnoul di ng).

A further teaching of the invention provides that the
second portion essentially consists of a film a plate or a
sheet which is preferably connected to connecting el enents,
and/or that the second portion is fornmed from a further
pl astics material.



A further teaching of the invention provides that the base
portion of the protective portion is essentially fornmed
fromthe second portion, and/or that the connection between
the first and second portion is a butt joint, or that the
first portion at l|east partially encloses the second
portion in certain portions. This makes it possible for the
injection noulding to be limted essentially to the direct
connection of the base portion to the seal. A liquid-tight
and gas-tight connection is produced in a particularly
sinple manner by the single-piece connection of the seal
and of the connecting elenments to the protective portion.
The injection noulding can ensure that the protective
el enents are produced wth a consistently high quality, and
therefore, in respect of the conpleted concrete elenent,
the protective action of the protective elenment s
particularly high and of a consistently high quality,
i rrespective of the process used for producing the concrete
el ement. The protective elenent here is fornmed such that,
in relation to the seal, the injection-noulding material
encl oses the material of the seal at |east on three sides.

A further teaching of the invention provides that the
connecting elenment is a honeyconb structure, a crosspiece
a pin and/or a sheet-like elenent with openings.
Furthernore, it is advantageous for the protective portion
to be connected in a single piece to the at |east one
connecting elenent, wherein preferably the single-piece
connection is produced by injection noulding the plastics
mat eri al . In particular sheet-like elenments such as
honeyconb structures or sheet-11i ke portions W th
t hrough-openings allow the protective &elenent to be
anchored to particularly good effect to the concrete
el ement over the entire surface area of the protective
el enment. The additional provision of pins or the Iike,
whi ch extend possibly further into the concrete of the
concrete elenent, can give rise to an enhanced increase in
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the retaining force at certain points. Since it is provided
that, in the case of the concrete elenent being danaged,
and thus of water pressure possibly prevailing from the
outside, the protective elenent should be fully capable of
wi thstanding the water pressure, it is also particularly
advant ageous if the shape and the choice of nmaterial of the
connecting elenents are freely available, and if, in
particular in the case of connecting elenents which do not
consist of plastics material, the injection noulding can
provide for a corresponding connection between connecting
el ement and protective portion. Furthernore, for the case
where the connecting elenents of the injection-noulded
portion of the protective portion are |ikew se produced
from the sane plastics material as the protective el enent,
the injection noulding nmakes it possible to provide for a
particularly wde variety of shapes for the connecting
el ements. Furthernore, it is possible for the connecting
el ements to be produced by extrusion when producing the
respective portion of the protective portion.

A further teaching of the invention in this context
provides also for a <ceiling elenment, this therefore
resulting in a hollow body, into which the concrete and

possi bl y, duri ng t he I nj ection-noul di ng oper ati on
rei nforcenent are then introduced. This is advantageous, in
particular, if the concrete element also has to have its

outer sides protected against aggressive waters in the
gr ound.

A further teaching of the invention provides that the
plastics material is a polydicyclopentadiene (pDCPD),
preferably in a form which is resistant to high
tenperatures, or a resin, wherein reinforcing elenments, for
exanple glass fibres, nmay possibly be added to the plastic
resin. This plastics material makes it possible to achieve
a high production speed, on account of the rapid processing



properties. A particularly high resistance during use is
achi eved at the sane tine.

A further teaching of the invention provides that the
plastics material of the sheet-like elenent is a
thernopl astic, preferably PE. These plastics materials are
particularly cost-effective plastics materials. Conponents
made from them for exanple plates, sheets or filnms, can be
produced directly in situ in a decentralized manner, and
therefore there is no need for considerable transportation
expenditure and possibly also storage expenditure for the
conpl et ed products.

In respect of the concrete elenent for producing a tunnel
lining, the teaching of the invention provides that an
above-described protective el enent is used. Such a
protective elenent nmakes it possible to achieve sufficient
joint sealing, which provides corresponding sealing of the
protective coating of the tunnel against |iquids and gases.

In respect of the production nethod according to the
invention, the solution of the invention provides that a
protective elenment described above is produced from a
plastics material by injection noulding, the conpleted
protective element is inserted into a nould, and the
protective element is connected to concrete and, once
setting has taken place, is renoved from the nould. The
prefabrication of the protective elenent by injection
moul ding, in the case of which the retaining elenents and
seal are connected in a single piece to the protective
portion of the protective elenent, provides for a sinple
production nethod because the above-described possible
sources of error in the production of the concrete el enent
are elimnated, since all that is required is for a single
conponent to be introduced into the formmork, and therefore
the source of error in the transition between protective
| ayer and seal is elimnated. At the sane tine a connection
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with a high retaining force between the protective el enent
and concrete elenent is provided in a sinple manner. It is
advant ageous here if sufficient protective action, of
consistent quality, is provided for the concrete elenents
even if the concrete elenents are produced in situ at the
si ght of use of the tubbings.

Furthernore, it may be advantageous if the upper side of
the concrete elenents is also provided with a protective
el ement or a protective layer. It is possible here for this
protective elenent or the protective |layer to be provided
even before the concrete is fed into the formwrk or else
thereafter, for exanple by being coated on or the |ike.

The invention wll be explained in nore detail hereinbel ow
with reference to drawi ngs, in which

Figure 1 show a first three-di nensional view of a concrete
el ement according to the invention,

Figure 2 shows a second three-dinensional illustration of
the concrete el enment according to the invention,

Figure 3 shows a side view of the concrete elenent
according to the invention,

Figure 4 shows a sectional view through the concrete
el ement according to the invention,

Figure 5 shows an enlarged detail of a sectional view of a
corner region according to Figure 4, and

Figures 6 to 9 show various enbodinents of the protective
el ement according to the invention.

A concrete elenent 10 according to the invention (Figure 1
to Figure 3) is a segnent portion (tubbing) of a tunnel
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lining. The segnment portion has a convex upper side 11 and
an underside 12 (concealed by a protective elenent 20 in
Figures 1 to 3) arranged opposite the wupper side. The
protective elenment 20 is arranged on the inner side 12 of
the concrete elenent. The protective elenent 20 has a base
portion 21 and wall portions 22, 23. An acconmodating
region 29, in which a seal 30 is arranged, is provided on
these wall portions 22, 23. The connection between seal 30
and protective element 20 is obtained by injection
nmoul di ng.

The protective element 20 has on its wall portions 22, 23 a
first portion 25 <consisting of an injection-nouldable
plastics material. The base portion 21 has a second portion
28 with an areal extent.

The concrete elenment 10 is illustrated in section in Figure
4 with a first enbodinent of the protective elenent 20
according to the invention. Figure 5 shows an enlarged
det ai | of the corner region of Figure 4. Furt her
enbodi nents of the protective elenent 20 are illustrated in
Figures 6 to 9.

The protective elenment 20 has, as illustrated in Figure 4,
a base portion 21, on the outer sides of which wall
portions 22, 23 are arranged essentially at right angles

al though they may also be in any other desired arrangenent.
In order to produce a durable connection between the
protective elenment 20 and the concrete elenent 10, the
i nner side of the base portion 21 has pin elenents 17. As
an alternative (not illustrated), it is also possible for
crosspieces to be arranged parallel to one outer wall and
for crosspieces 28 to be arranged parallel to the outer
wal | arranged at right angles thereto. The crosspi eces can,
for exanple, be provided w th openings, through which the
concrete 16 can pass and thus once it has set, produces a
particularly durable connection. In order to achieve a
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durable connection of the wall portions 22, 23, a
protrusion 27 is provided, this being positioned on the
wal | portion 22, 23 at an angle of 45-90° and being
provided with openings 26 likewise in order to produce a
dur abl e connecti on.

The seal 30 is arranged in an accommodating region 29. The
seal 30 consists of an elastic plastics material. The sea
30 has a sealing surface 31 which, when the individual
concrete elenents are being assenbled, cones into contact
with either another concrete surface or another sealing
surface 31 of a seal 30. The seal 30 has chanbers 32 in its
I nterior. Wen the ~concrete elenents 10 are being
assenbl ed, the elastic plastics material of the seal 30 is
deformed and the chanbers 32 are conpressed. Retaining
protrusions 33 are arranged opposite the sealing surface
31, and engage in the plastics material of the side wal
22, 23 of the protective elenent 20. These retaining
protrusions and the nearby sidewalls of the seal 30 becone
connected to the plastics material of the protective
el ement during injection noulding or are surrounded thereby
In a gas-tight manner.

In the enbodi ment of the protective elenent 20 according to
Figure 4, a honeyconb structure 24 is arranged on the inner
side of the base portion 21 of the protective elenent 20.
This honeyconb structure can, for exanple, be adhesively
bonded to the base portion 21 or be anchored in sone other
way. Wien the concrete 16 is introduced into the protective
el ement 20, concrete 16 can penetrate into the honeyconb
structure 24 and set there. The high surface of the
honeyconb structure 24 provides for a |arge contact surface
area between the honeyconb structure 24 and concrete 16,
and therefore high retaining forces are present once the
concrete 16 has set. The honeyconb structure 24 is assisted
by further connecting elenents, which are likewise in the
form of crosspieces (not illustrated), or pin elenents 17.
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It is possible for the crosspieces and/or pins 17 to be
formed from a plastics material of the protective elenent
20 or as an alternative, or in addition, for these to be
provided fromother material, for exanple netal.

In Figure 4, a reinforcenent 15 is provided in addition to
the connecting elenments in the form of pins 17. The
reinforcenent either, as illustrated in Figure 4, rests on
the connecting elements 17 or, as an alternative, can also
rest on the honeyconb structure 24 or the base portion 21

Figure 5 shows a section through a concrete elenent
according to the invention. The reinforcenent 15 here, just
i ke the honeyconb structure 24 and the crosspieces and/or
pins 17, is surrounded by the concrete 16.

As is illustrated in Figure 4, the protective elenent has a
first portion 25 which is obtained by injection noulding
and conprises the seal 30. This first portion is produced
from an injection-nouldable naterial during injection
nmoul ding. Furthernore, the base portion 21 has a second
portion 28 of the protective elenent 20. This is a sheet-
like element 34, for exanple in the form of a sheet, film
or plate. Integral conponents in this enbodinent of the
second portion 28 are T-shaped pin elenents 17. These are
either arranged on the sheet-like elenent or the pin
el ements 17 consist of the sanme material as the sheet-like
el ement 34. The connection of the sheet-like elenent 34 is
achi eved by injection noulding of the first portion 25.

Figure 6 to Figure 9 show various exenplary ways of
connecting the second portion 28 to the first portion 25.
This connection can take the form of a butt joint (Figures
6, 7 and 9) or the second portion 28 is enclosed by the
first portion on one side (not illustrated) or on both
sides (Figure 8). In Figure 9, the sheet-like elenent
formng the second portion 28 is provided not only as a
conponent of the base portion 21 but also as the wall
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portion 22, 23. The connection in the formof a butt joint,
as illustrated in Figures 6, 7 and 9, has surprisingly
proved to be sufficient in particular when connecting PE as
sheet-like element 34 and pDCPD as injection-noul dable
plastics material of the first portion 25. Depending on the
particul ar requi renent placed on the protective elenent, it
Is also possible to provide a plurality of sheet-like
portions 34 possibly consisting of different materials
which are then connected via a plurality of first portions
25 to one another via the or a plurality of different
i njection-noul dable plastics materials. This applies for
the base portion 21, wall portion 22, 23 and ceiling
portions.

A concrete elenent 10 according to the invention is
produced by providing a formmork which is in the shape of
the subsequent concrete el enent. Depending on the shape of
the individual tunnel-lining elenments 10, the exterior
shape here may be a circle-segnent portion. The plan view
may be, for exanple, either rectangular or trapezoidal.
This formwrk has inserted into it a prepared protective
el ement 20 which, during its production, was connected in a
single piece to the seal 30. Following insertion of the
protective elenment 20, the reinforcenent 15 is inserted
into the formwrk, and the concrete 16 is cast in place.

As an alternative, the protective element 20 may be
configured such that it is a hollow body into which the
concrete is introduced, as a result of which it is possible
to dispense with the formwrk. The reinforcenment 15 is then
i ntroduced during production of the hollow body or is
i ntroduced into the hollow body together with the concrete
(fibre reinforcenent).

The protective elenent 20 is produced by an injection
mould, which 1is representative of the shape of the
protective elenment 20, being created. The seal 30 is then
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positioned in the injection nould, in the accomvobdating
region 29 provided for this purpose. Furthernore, the
sheet-like portions 34 are inserted into the nould either
as base portion 21 or as part of the base portion 21 and/or
as part of the wall portions 22, 23. In addition, further
connecting neans and/or reinforcenent 15 can be introduced
into the injection nould, provided that these are to be
produced from a material different from the protective
element itself. The injection-nouldable plastics material
is then introduced into the injection nould. Once the
plastics material has hardened, the protective elenent 20
can be renoved from the nould and supplied for producing
the concrete el enent 10.

The side walls 13 of the concrete elenment 10 contain
cavities (not illustrated), into which are inserted
bracket s (not illustrated), in whi ch bolts (not
Il lustrated) are arranged in order to connect the
i ndi vidual concrete elenments 10 to one another to form a
ring. The seals 30 of the concrete elenents 10 connected to
one another via the bolts butt against one another and are
pressed together, and therefore they fully seal the gap or
the joint between the two concrete elenents 10. Wen the
concrete elenents 10 according to the invention are used
for casing a tunnel, there is therefore no need to provide
any sealing for the joints between the concrete elenents
10.

Al so provided are guide holes (not illustrated), into which
guide rods (not illustrated) can be inserted. The guide
holes are provided either in the side walls 14 of the
concrete elenments 10 or in the form of a half-elenent in
the side walls 13. When two concrete el enents are assenbl ed
via the bolts, these half-segnents then form the guide
hole. Wth the aid of the guide rods, the concrete el enents
10 of the following lining ring of the tunnel |ining can be
exactly positioned in a sinple manner, since these el enents
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i kew se have the guide holes and the guide rods are then
i ntroduced into the guide holes.
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Pat ent C ai ns

1. Protective elenment for connecting to a concrete
el enent (10) of a tunnel lining and having at |east one
protective portion (21, 22, 23) which has a side which
faces the concrete elenent (10) and on which is
provi ded at |east one connecting elenent (24, 25, 26,
27, 28) for producing a durable connection of the
protective portion (21, 22, 23) to the concrete el enent
(10), wherein the protective portion (21, 22, 23) has a
base portion (21) and/or a wall portion (22, 23) and at
| east one region consisting of at |east one plastics
material, and the protective elenment has at |east one
seal (30) which is connected in a single piece to the
protective portion (21, 22, 23), wherein the connection
is gas-tight and liquid-tight, and the single-piece
connection of the seal to the protective portion is
produced by injection nmoulding with the at |east one
pl astics material and thereby forns a first portion of
the base portion (21) and/or of the wall portion (22,
23) of the protective portion (21, 22, 23),
characterized in that the base portion (21) and/or the
wal | portion (22, 23) of the protective portion (21

22, 23) have/has at |east one second portion, in that
the second portion has an areal extent, and in that the
second portion is connected to the first portion by
i njection noul di ng.

2. Protective el enent accordi ng to Claim1,
characterized in that the second portion essentially
consists of a film a plate or a sheet which is
preferably connected to connecting elenments, and/or in
that the second portion is formed from a further
pl astics nmaterial .

3. Protective elenent according to Caim 1 or 2,
characterized in that the base portion (21) of the
protective portion (21, 22, 23) is essentially forned
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from the second portion, and/or in that the connection
between the first and second portion is a butt joint,
or in that the first portion at Ileast partially
encl oses the second portion in certain portions.

4. Protective elenent according to one of Cains 1
to 3, characterized in that the connecting elenent is a
honeyconb structure (24), a crosspiece (25), a pin
and/or a sheet-like elenent (25, 27, 28) with openings
(26).

5. Protective elenent according to one of Cains 1
to 4, characterized in that the protective portion (21
22, 23) is connected in a single piece to the at |east
one connecting elenent (24, 25, 26, 27, 28), wherein
preferably the single-piece connection is produced by
injection nmoulding the plastics material.

6. Protective elenent according to one of Cains 1
to 5, characterized in that the injection-nouldable
plastics material is a polydicycl opentadi ene (pDCPD),
preferably resistant to high tenperatures, or a resin

wherein preferably glass fibres are introduced.

7. Protective elenent according to one of Cdains 2
to 6, characterized in that the plastics material of
the sheet-like elenment is a thernoplastic, preferably
PE.

8. Concrete elenment for producing a tunnel |ining and
having a convex outer surface (12) and an inner surface
(12) located opposite, wherein a protective elenent
(20) is connected to the inner surface (12) via at
| east one connecting elenment (24, 25, 26, 27, 28),
characterized in that the protective elenent (20) is a
protective el enent according to one of Clainms 1 to 7.
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9. Met hod for producing a concrete el enent according
to Caim 8, in which a protective elenment (20)
according to one of Claims 1 to 7 is produced from
pl astics material by injection noulding, the conpleted
protective elenent (20) is inserted into a nould, and
the protective element (20) is connected to concrete
(16) and, once setting has taken place, is renoved from
t he noul d.



