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Description

[0001] The invention relates to a method of building a
lined tunnel according to the preamble of claim 1.
[0002] Such a method, known as the extruded con-
crete lining (ECL) method, is disclosed in document
GB-A-20 57 035. The supporting structure comprises
ringshaped elements. The outer surface of the ring
shaped elements is provided with circumferential ribs
protruding into the lining material to increase the grip
between the support structure and the tunnel lining. The
ring shaped elements may also be provided with longi-
tudinal ribs. The ribs on the support structure form
grooves in the tunnel lining along which cracks can oc-
cur so that the tunnel lining can follow settlements of the
surrounding earth. The location of the grooves in the
tunnel lining formed by the ribs is determined by the sup-
port structure. Due to the dimensions of the ring shaped
elements the distance between the circumferential ribs
is relatively short.

[0003] The object of the invention is to provide an im-
proved method of building a lined tunnel of the type men-
tioned at the beginning (extruded concrete lining meth-
od) which results in a tunnel lining which is watertight
over the full length of the tunnel.

[0004] This object is achieved with a method accord-
ing to claim 1.
[0005] With the method according to the invention the

distance between the separation means, in particular in
longitudinal direction of the tunnel lining, can be chosen
such that the length of the separate sections of the tun-
nel lining is adapted to the friction between the tunnel
lining and the surrounding earth.

[0006] The sections as such are watertight. Only the
gaps between the sections of tunnel have to be provided
with sealing means. Moreover, the tunnel lining can fol-
low settlements.

[0007] Preferred embodiments of the method accord-
ing to the invention are claimed in the dependent claims.
[0008] The invention will now be explained in the de-
scription of preferred embodiments of the method ac-
cording to the invention with reference to the drawings,
wherein:

Fig. 1is a schematic longitudinal section of the front
part of a lined tunnel with an excavating machine
showing the method according to the invention,
Fig. 2 is a schematic representation of a tunnel lin-
ing with separation means,

Fig. 3 shows the tunnel lining of Fig. 2 after harden-
ing of the tunnel lining,

Fig. 4 shows separation means in a tunnel lining in
the form of grooves,

Fig. 5 shows separation means in a tunnel lining in
the form of ringshaped separation elements,

Fig. 6 a schematic representation of a tunnel lining
with longitudinally and circumferentially extending
separation means,
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Fig. 7 a schematic representation of a tunnel lining
with helically extending separation means.

[0009] Fig. 1 shows schematically the front part of a
tunnel 1 in surrounding earth 2, the tunnel 1 being pro-
vided with a lining 3.

[0010] When building the tunnel 1 atunnel is excavat-
ed in the earth 2 by means of a forward moving exca-
vating or boring machine 4. Such a boring machine 4
may of any type known in the art and does not need any
further explanation. In the region immediately behind
the boring machine 4 the earth 2, which may be unsta-
ble, is supported by a shield 5 which is connected to the
boring machine.

[0011] Behind the boring machine 4 a support struc-
ture 6 is placed in the excavated tunnel. Usually the sup-
port structure 6 is built up from support elements 7
placed behind one another.

[0012] Between the support structure 6 and the sur-
rounding earth which may be covered by the shield 5, a
ringshaped gap 8 is formed. At the front end of the sup-
port structure 6 a sealing means 9 is provided between
the support structure 6 and the shield 5 sealing off the
gap 8 towards the boring machine 4. The ringshaped
gap 8 is filled with concrete by injecting liquid concrete
into the gap 8. The liquid concrete may be supplied by
a concrete pump 10 with pumps the liquid concrete from
a reservoir 11 through a conduit 12 extending through
the sealing means 9 into the gap 8.

[0013] The concrete in the gap 8 is supported by the
support structure 6 and is kept under pressure in that
the sealing means 9 is connected to the boring machine
4 by means of hydraulic cylinders 13 which transfer at
least part of the axial force exerted on the boring ma-
chine 4 to the concrete in the gap 8.

[0014] The concrete in the gap 8 is allowed to solidify
whereafter further support by the support structure is not
necessary anymore.

[0015] Usually the support structure 6 moves with the
boring machine 4 in that after the boring machine 4 has
moved over a certain distance, the support element 7'
at the rear end of the support structure 6 is placed in
front of the support element 7" at the front end of support
structure 6.

[0016] Itis however also possible that the support el-
ements remain in place and become part of the tunnel
lining. In this case a new support element will be placed
at the front end of the support structure after the boring
machine has moved over a certain distance.

[0017] The solidified concrete is finally allowed to
harden, thus forming the final tunnel lining 3.

[0018] The method described so far is known as the
extruded concrete lining (ECL) method. The method is
also described in document GB-A-2 057 035.

[0019] When ordinary, preferably fibre-reinforced
concrete is used as material for the tunnel lining, the
concrete will shrink during hardening, which will lead to
tensile stresses and the occurence of cracks in the tun-
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nel lining. As mentioned earlier cracks can also occur
as a result of settlement of the surrounding earth. The
result of cracks is that the tunnel lining is not sufficiently
watertight anymore. As the location of the cracks can
normally not be predicted, the tunnel lining has to be
provided with watertight means over its entire length.
[0020] With the method according to the invention the
uncontrolled forming of cracks in the tunnel lining is pre-
vented.

[0021] Before hardening of the concrete, separation
means are provided in the tunnel lining so that the tunnel
lining is divided into separate sections. Fig. 2 shows
schematically a part of a tunnel lining. The separation
means are indicated with 14 and the ringshaped sec-
tions with 15. The separation means 14 extend in cir-
cumferential direction such that ringshaped sections 15
are formed with a length L1. The length of the sections
15 is chosen such that each section 15 is free to shrink
in axial direction during hardening of the concrete. Free
to shrink means that the tensile stresses in the concrete
are negligable or sufficiently low so as to prevent the
initiation of cracks in the concrete. The length L1 de-
pends on the friction between the tunnel lining and the
surrounding earth. The friction can be decreased by
greasing e.g. injection of bentonite. The friction may al-
ready be low by virtue of benificial properties of the sur-
rounding earth.

[0022] When the sections 15 of the tunnel lining 3
shrink the length of the sections will decrease to L2 as
shown in Fig. 3. Gaps between the sections 15 which
are indicated with 16 in Fig. 3 have to be bridged by
sealing means in order to obtain a watertight tunnel lin-
ing.

[0023] A tunnel lining which is divided into separate
sections which are connected to one another through
more or less flexible sealing means can also follow set-
tlements of the surrounding earth, so that the formation
of cracks as a result of settlements of the surrounding
earth is also prevented.

[0024] There are several ways of providing separation
means in the tunnel lining 3.

[0025] It is possible to provide weakened areas on
predetermined places in the tunnel lining 3 such that
cracks in the tunnel lining occuring as result of shrinkage
of the hardening tunnel lining will only form in the weak-
ened areas. In this way the tunnel lining is divided into
separate sections.

[0026] As shown in Fig. 4, weakened areas may be
provided by making grooves 17 (e.g. circumferential
grooves) in the solidified but not yet hardened tunnel
lining 3. The grooves between the separate sections are
filled with a sealing means 18.

[0027] Itis also possible (Fig. 5) to insert separation
elements 19 (e.qg. rings) on predetermined places in the
tunnel lining 3. These separation elements 19 may be
inserted during injection of the liquid concrete for the
tunnel lining or thereafter but before the concrete is so-
lidified. The separation elements may extend over a part
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(as shown in Fig. 5) of or the whole radial thickness of
the tunnel lining. In the former case the remaining part
of the radial thickness of the tunnel lining may be con-
sidered as a weakened area in which a crack will occur
during hardening of the tunnel lining. In the latter case
separate sections are already formed upon insertion of
the separation elements. The separations may have any
configuration e.g. stright, inclined, curved, S- or Z
shaped.

[0028] In a preferred embodiment the separation ele-
ments comprise the sealing means between the sec-
tions of the tunnel lining.

[0029] In case the sealing means have to be able to
follow the decrease of the length of the adjacent sec-
tions of the tunnel lining during hardening and/or im-
posed settlements, the sealing means should have
spring characteristics or be combined with separate
spring means.

[0030] A sealing means with spring characteristics or
a combination of sealing means and spring means may
be designed in several different ways (see e.g. Norbert
Klawa and Alfred Haack: Tiefbaufugen - Fugen- und Fu-
genkonstruktionen in Beton- und Stahlbetonbau).
[0031] The spring characteristics of the sealing
means or the combination of sealing means and spring
means may be such that a compression force is main-
tained in the sections of the tunnel lining during harden-
ing. In this case the length of the sections of the tunnel
lining may be increased with respect to the situation
wherein no additional axial force is excerted on the sec-
tion during hardening.

[0032] A remaining compression force in the sections
of the tunnel lining can also be achieved by applying ac-
tive compression means in combination with the sealing
means. An example of such active compression means
is shown in EP-A-0 021 702. The active compression
means may also comprise wedges or jacks, controlled
by manpower or a power unit.

[0033] Unequalradial loadings on the tunnel lining will
cause bending moments in the lining. For an extensive
discussion of the loading on tunnel lining and the corre-
sponding hoop forces, bending moments and radial dis-
placements reference is being made to a publication by
H. Duddeck and J. Erdmann "Structural design models
for tunnels", published in Tunneling '81, the Institute of
Mining and Metallurgy, pag. 83-91, 1981. The bending
moments in the full circular lining may together with the
hoop stresses have a significant impact on the required
thickness of the lining if longitudinal cracking of that lin-
ing is to be avoided.

[0034] In certain earth conditions however it may be
allowable that where the highest bending moments oc-
cur the lining will crack longitudinally and that the lining
will elliptically deform within certain limits untill a new
equilibrium of forces is obtained.

[0035] Allowing for such a behaviour may result in a
reduction of the required lining thickness and a corre-
sponding reduction in costs. For quality control however
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it is a far better option not to rely on spontaneous crack-
ing but to provide the tunnel lining with longitudinally ex-
tending separation means thus dividing the tunnel lining
in sections in circumferential direction. The gaps be-
tween these sections can be provided with sealing
means to ensure watertightness of the total lining. The
longitudinal extending separation means can be similar
to the circumferentially extending separation means de-
scribed above.

[0036] Of course, a tunnel lining may have both types
of separation means, as is shown schematically in Fig.
6, wherein the longitudinally extending separation
means are indicated with 20 and the circumferentially
extending separation means with 14.

[0037] Instead of separation means extending in cir-
cumferential direction, the tunnel lining may be provided
with separation means extending helically along the tun-
nel lining, as shown schematically in Fig. 7, wherein the
separation means are indicated with 21.

[0038] The tunnel lining 3 is preferably an extruded
single layer. The extrusion in one or more stages or a
multilayer lining e.g. concrete with different properties is
also possible. The single layer may be provided with an
internal secondary layer for e.g. safety purposes (fire
protection, protection against collision of cars, trams),
architectural purposes or any other purpose. The sec-
ondary layer is however not essential for the tunnel lin-
ing of the invention.

[0039] If suitable materials for the secondary lining
become available in the future the secondary lining may
provide such a watertightness or additional watertight-
ness that sealing means in the joints between the sec-
tions of the tunnel lining can be omitted or that the seal-
ing properties of the sealing means may be reduced. It
is also envisaged that an internal secondary lining
which, as mentioned before, may be sprayed onto the
single layer (primary lining) or may consist of a thin wa-
tertight sheet, might facilitate an easy movement of a
sliding support structure e.g. of the type described in
EP-A-0 301 188.

[0040] Usually concrete will be used for a tunnel lin-
ing. However, also other suitable materials may be
used.

[0041] It will evident for a skilled person that the
present invention is not limited to the embodiment de-
scribed above. Essential for the invention is that an ex-
truded tunnel lining is divided into separate sections with
sealing means between these sections.

Claims

1. Method of building a lined tunnel (1) in earth com-
prising the steps of excavating a tunnel in the earth
by means of a forward moving excavating machine
(4), placing a support structure (6) behind the exca-
vating machine after a tunnel part has been exca-
vated, such that a ringshaped gap (8) is formed be-
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tween the support structure and the surrounding
earth, providing a sealing means (9) for sealing off
the ringshaped gap towards the excavating ma-
chine, filling the ringshaped gap behind the sealing
means by injecting therein a liquid lining material,
such as liquid concrete, and allowing the lining ma-
terial to become solid and to harden, thus forming
a tunnel lining (3), separation means (14; 20; 21)
being provided in the tunnel lining before hardening
of the lining material, so that the tunnel lining (3) is
divided into separate sections, the separation
means being located in such places that the sepa-
rate sections are free to follow settlements of the
surrounding earth, characterized by providing the
separation means (14; 20; 21) in such places that
the separate sections (15) are free to shrink during
hardening of the lining material and by filling the
gaps (16) formed between the separate sections
with a sealing means (18).

Method according to claim 1, wherein the separa-
tion means (14; 20; 21) comprise weakened areas
provided on predetermined places in the tunnel lin-
ing, such that cracks in the tunnel lining occuring as
aresult of shrinkage of the hardening lining material
or following settlements of the surrounding earth will
form only in the weakened areas.

Method according to claim 1, wherein separation
means comprise separate separation elements (19)
inserted on predetermined places in the tunnel lin-
ing, said separation elements extend over a part of
or substantially the whole radial thickness of the
tunnel lining (3).

Method according to claim 3, wherein the separa-
tion elements (19) comprise the sealing means be-
tween the sections of the tunnel lining.

Method according to claim 3, wherein the separa-
tion elements act as a spring in the direction the
movements of the adjacent sections of the tunnel
lining.

Method according to claim 3, wherein the separa-
tion means comprise active compression means.

Method according to anyone of claims 1 to 6, where-
in the separation means (14) extend in circumfer-
ential direction of the tunnel lining.

Method according to anyone of claims 1 to 6, where-
in the separation means (20) extend in longitudinal
direction of the tunnel lining.

Method according to anyone of claims 1 to 6, where-
in the separation means (21) extend helically along
the tunnel lining.
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Patentanspriiche

1.

Verfahren zum Bauen eines ausgekleideten Tun-
nels (1) in Erde, umfassend einen Schritt, bei dem
mittels einer vorgetriebenen Aushubmaschine (4)
ein Tunnel in der Erde ausgehoben wird, einen
Schritt, bei dem hinter der Aushubmaschine, nach-
dem ein Tunnelteil ausgehoben worden ist, eine
Stitzstruktur (6) derart angebracht wird, dal ein
ringférmiger Spalt (8) zwischen der Stitzstruktur
und der umgebenden Erde gebildet wird, einen
Schritt, in dem ein Dichtmittel (9) zum Abdichten
des ringférmigen Spaltes gegentber der Aushub-
maschine bereitgestellt wird, einen Schritt, in dem
der ringférmige Spalt hinter dem Dichtmittel durch
Einspritzen eines flissigen Auskleidungsmaterials
wie flissigem Beton gefiillt wird, und einen Schritt,
in dem dem Auskleidungsmaterial ermdglicht wird,
sich zu verfestigen und auszuhéarten, so dal} eine
Tunnelauskleidung (3) gebildet wird, wobei vor dem
Aushéarten des Auskleidungsmaterials ein Trenn-
mittel (14;20;21) in der Tunnelauskleidung bereit-
gestellt wird, so daf® die Tunnelauskleidung (3) in
getrennte Abschnitte unterteilt wird, wobei das
Trennmittel an solchen Stellen angeordnet wird,
daf} die getrennten Abschnitte Setzungen der um-
gebenden Erde folgen kénnen, dadurch gekenn-
zeichnet, daB das Trennmittel (14;20;21) an sol-
chen Stellen bereitgestellt wird, daf’ die getrennten
Abschnitte (15) frei sind, wahrend des Aushartens
des Auskleidungsmaterials zu schrumpfen, und
daf} die zwischen den getrennten Abschnitten ge-
bildeten Spalte (16) mit einem Dichtmittel (18) aus-
geflllt werden.

Verfahren nach Anspruch 1, wobei das Trennmittel
(14;20;21) geschwachte Bereiche umfaft, die an
vorher bestimmten Stellen in der Tunnelausklei-
dung angeordnet sind, so daB die Risse in der Tun-
nelauskleidung, die als Folge des Schrumpfens des
aushartenden Auskleidungsmaterials oder nach
Setzungen der umgebenden Erde auftreten, sich
nur in den geschwéachten Bereichen bilden.

Verfahren nach Anspruch 1, wobei das Trennmittel
separate Trennelemente (19) umfalt, die an vorher
bestimmten Stellen in die Tunnelauskleidung ein-
gefiihrt sind, wobei sich die Trennelemente Uber ei-
nen Teil oder im wesentlichen die gesamte radiale
Dicke der Tunnelauskleidung (3) erstrecken.

Verfahren nach Anspruch 3, wobei die Trennele-
mente (19) das Dichtmittel zwischen den Abschnit-
ten der Tunnelauskleidung umfassen.

Verfahren nach Anspruch 3, wobei die Trennele-
mente in der Richtung der Bewegungen der be-
nachbarten Abschnitte der Tunnelauskleidung als
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Feder wirken.

6. Verfahren nach Anspruch 3, wobei das Trennmittel
ein aktives Kompressionsmittel umfalfit.

7. Verfahren nach einem der Anspriiche 1 bis 6, wobei
sich das Trennmittel (14) in Umfangsrichtung der
Tunnelauskleidung erstreckt.

8. Verfahren nach einem der Anspriiche 1 bis 6, wobei
sich das Trennmittel in Langsrichtung der Tunn-
elauskleidung erstreckt.

9. Verfahren nach einem der Anspriiche 1 bis 6, wobei
sich das Trennmittel (21) spiralférmig entlang der
Tunnelauskleidung erstreckt.

Revendications

1. Procédé de construction d'un tunnel a revétement
(1) dans la terre comprenant les étapes de creuse-
ment d'un tunnel dans la terre au moyen d'une ma-
chine excavatrice se déplagant vers l'avant (4), mi-
se en place d'une structure de support (6) derriére
la machine excavatrice aprés qu'une partie du tun-
nel a été creusée, de sorte qu'un interstice en forme
d'anneau (8) est formé entre la structure de support
et la terre environnante, fourniture d'un moyen
d'étanchéité (9) pour rendre étanche l'interstice en
anneau vers la machine excavatrice, remplissage
de l'interstice en anneau derriére le moyen d'étan-
chéité en y injectant un matériau de revétement li-
quide, tel que du béton liquide, et laisser le matériau
de revétement se solidifier et prendre, formant ainsi
un revétement de tunnel (3), des moyens de sépa-
ration (14, 20, 21) étant prévus dans le revétement
de tunnel avant prise du matériau de revétement,
de sorte que le revétement de tunnel (3) est divisé
en sections séparées, les moyens de séparation
étant situés en des endroits tels que les sections
séparées sont libres de suivre des affaissements
de la terre environnante, caractérisé par le fait
que les moyens de séparation (14, 20, 21) sont ins-
tallés en des endroits tels que les sections séparées
(15) sont libres de rétrécir pendant la prise du ma-
tériau de revétement et que les interstices (16) for-
més entre les sections séparées sont remplis par
un matériau d'étanchéité (18).

2. Procédé selon la revendication 1, dans lequel les
moyens de séparation (14, 20, 21) comportent des
zones affaiblies situées en des endroits prédéter-
minés dans le revétement de tunnel, de telle sorte
que des fissures dans le revétement de tunnel ré-
sultant du rétrécissement du matériau de revéte-
ment en cours de prise ou suite a des affaissements
de la terre environnante ne se produiront que dans
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les zones affaiblies.

Procédé selon la revendication 1, dans lequel les
moyens de séparation comprennent des éléments
de séparation distincts (19) insérés en des endroits
prédéterminés dans le revétement de tunnel, les
éléments de séparation s'étendant sur une partie
de ou sensiblement sur toute I'épaisseur radiale du
revétement de tunnel (3).

Procédé selon la revendication 3, dans lequel les
éléments de séparation (19) comprennent les élé-
ments d'étanchéité entre les sections du revéte-
ment de tunnel.

Procédé selon la revendication 3, dans lequel les
éléments de séparation ont un effet de ressort dans
la direction des mouvements des sections adjacen-
tes du revétement de tunnel.

Procédé selon la revendication 3, dans lequel les
moyens de séparation comprennent des moyens
de compression actifs.

Procédé selon I'une quelconque des revendications
1 a 6, dans lequel les moyens de séparation (14)
s'étendent en direction circonférentielle du revéte-
ment de tunnel.

Procédé selon I'une quelconque des revendications
1 a 6, dans lequel les moyens de séparation (20)
s'étendent en direction longitudinale du revétement
de tunnel.

Procédé selon I'une quelconque des revendications
1 a 6, dans lequel les moyens de séparation (21)
s'étendent de fagon hélicoidale le long du revéte-
ment de tunnel.
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