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(54) Method for drilling a tunnel

(57) Method of making a tunnel tube with the aid of
a tunnel drilling device, particularly for car or train traffic,
with a diameter of preferably 3m to a minimum, partic-
ularly at least partly below the local ground water level

in sandy soil or another relatively easy processable un-
derground, such as clay, peat, gravel or mixtures of
these soil types, by initially making one or more at least
substantially parallel guide or pilot drillings which are
subsequently followed by the tunnel drilling device.
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Description

[0001] It is known to drill a tunnel wherein the tunnel
drill device is advanced through virgin soil. This tech-
nique has several drawbacks. Supply and withdrawal of
material and equipment for drilling the tunnel and install-
ing the tunnel tube etc., such as prefabricated tunnel
wall elements and drilling fluids, all takes place from one
side of the tunnel drilling device. In this way the already
limited space in the drilled tunnel is mainly covered by
appliances, equipment and materials, and manouvring
is therefor inconvenient. The limited available free
space also puts limits to the dimension of the articles
that are used in the tunnel, such as the prefabricated
tunnel wall elements. Also the safety of the personell in
the tunnel is insufficiently assured. Furthermore, this
way of drilling a tunnel is relatively slow. Apart from that
much effort is required to follow sufficiently accurate the
desired course of the tunnel. The costs of investment in
equipment are relatively high. The tunnel drilling device
pushes against the tunnel wall elements to advance,
such that said wall elements should be dimensioned for
the forces acting during tunnel drilling.
[0002] The object of the invention is a tunnel drilling
technique with which one or more of the disadvantages
of the known tunnel drilling technique is eliminated.
[0003] According to the invention it is therefor sug-
gested to initially drill one or more at least substantially
parallel guide- or pilot drillings, subsequently followed
by the tunnel drilling device. Particularly, effort is used
such that the one or more pilot drillings come out of the
soil at the side of the tunnel drilling device facing the
direction of its advancement through the soil, before the
tunnel drilling device starts following said pilot drillings.
Particularly in this way it is made possible to supply
through the pilot drillings to the tunnel drilling device ma-
terial and/or equipment for drilling the tunnel.
[0004] "Tunnel drilling" here means each technique
(such as also reaming) for making a hole in the under-
ground wherein the tunnel front advances beneath the
surface. The tunnel to be drilled is particularly designed
for making an underground traffic tunnel, such as for car
or train traffic. Therefor, its diameter measures prefera-
bly 3m as a minimum. In particular the invention is ap-
plied in sandy soil or some other relatively easily proc-
essable underground, such as clay, peat, gravel or mix-
tures of these soil types, wherein these undergrounds
are also called "soil" or "earth". During installation and/
or also thereafter, at least a length part of the tunnel in-
stalled according to the invention is at least partly, e.g.
over at least 25% or at least 50% of its height, or over
completely its height, beneath the local ground water
level. The tunnel drilling device is preferably designed
in accordance with the dimension of the tunnel tube to
be installed therewith. Preferably this device has an un-
derground rotatably fixed base frame following the ad-
vancement of the drilling front and equiped with driving
means to rotatably drive one or more underground drill-

ing members which are rotatable relative to said base
frame and also follow the advance,ent of the drilling
front, such as drilling bits or fluid jet nozzles. Said drilling
members preferably push against the rotatably fixed
base frame.
[0005] The pilot drillings have a diameter substantially
smaller than that of the tunnel tube, and can be made
by any convenient technique, such as jet grouting or with
a mechanical drilling head. The walls of the pilot drilling
can be equiped with a lining such as a prefabricated
tube, the front end of which is preferably moved along
with the drilling front of the pilot drilling.
[0006] With the technique of tunnel drilling the tunnel
wall lining is each time added at the drilling front, such
the the tunnel wall lining already applied can remain in
place during the complete procedure. This tunnel wall
lining has at least one of the following functions: Carry-
ing the loads from the surrounding soil; providing a neat
finish of the view side of the tunnel; containing one or
more provisions, such as cables to illuminate the tunnel
and/or traffic control or else.
[0007] At least since the tunnel wall lining is each time
added at the drilling front, this technique of underground
installation of a tube differs from other techniques
wherein the wall lining is each time added at the side
(the back side) opposite the advancing underground
front, such that the already applied wall lining moves
along with the advancing front. Furthermore this tech-
nique differs from other techniques due to the under-
ground drive system for the drilling members moving
along with the drilling front. With other drilling techniques
the drive system of the drilling members is located at the
start of the underground tube, and a longitudinally
adaptable rotating drive rod extends therefrom to the
drilling members.
[0008] The invention is now further illustrated by way
of some embodiments that are not intended to limit the
scope of the invention.
[0009] First refering to fig. 1 and 2. Fig. 1 shows a sec-
tional side view of a tunnel trajectory during installation,
wherein the method according to the invention is ap-
plied. Fig. 2 shows the surrounding of the tunnel drilling
device more in detail in sectional side view. A tunnel tube
2 is illustrated below the ground surface 1, debouching
above the ground at one longitudinal end while at the
opposite end (the drilling front) a tunnel drilling device 3
is present. A number of pilot drillings 4 extend from the
drilling front, the longitudinal end of which opposite the
drilling front also debouching outside the soil. The drill-
ing front 5 advances in the direction of the pilot drillings
(arrow A). Through one or more of the pilot drillings 4
the fluids, such as liquid and/or mortar, required for the
correct action of the tunnel drilling device, are supplied
to and withdrawn from the drilling front. Through one or
more of the pilot drillings a pulling member 6 extends to
the drilling front 5 and is connected to the tunnel drilling
device 3 to apply a pulling force on the latter in the di-
rection of the arrow A to supply at least a part of the
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propulsion force required to advance the drilling front 5.
Thus, the device 3 at least has to push less hard against
the tunnel wall lining 7 during advancement. The device
3 each time advances stepwise and then between it and
the stationary tunnel wall lining a ring gap 8 develops
which subsequently is at least partly filled from the ex-
isting tunnel wall lining with supplied tunnel wall lining,
whereafter the device 3 advances over one stroke
again. The device 3 comprises a shell body 10 overlap-
ping the tunnel wall lining 9 and connecting thereto in
an at least substantially liquid tight manner such that no
matter (such as ground water) can enter from the drilling
front 5 the tunnel tube 2 exending below the ground wa-
ter level 11.
[0010] The tunnel tube is preferably installed accord-
ing to a hollow extending curved path relative to the eart
surface, as illustrated. The tunnel tube can extend below
an obstacle, such as a building, surface water body, for-
est, lawn, or such, such that the tunnel tube extends
from the one to the opposite side of the obstacle.
[0011] The pilot drillings 4 extend with a mutual dis-
tance and are connected to the front of the device 3 with
a mutual distance. The locations where the pilot drillings
are connected to the device 3, and the number of pilot
drillings 4 applied can be selected according to desire.
While in the embodiments the tunnel tube 2 accurately
follows the path of the pilot drillings along their complete
length, it is also possible that the tunnel tube 2 follows
said path along only a part length, to e.g. subsequently
follow the path of another set of pilot drillings. The tunnel
drilling device preferably surrounds at least one of the
pilot drillings.
[0012] Preferably the pilot drillings are made in the
one direction and the tunnel tube in the opposite direc-
tion. In case of passing an obstacle, the pilot drillings
are drilled from the one side to the opposite side of the
obstacle. The tunnel tube is then drilled from the oppo-
site side to the one side of the obstacle. The advantage
of this manner of working is that the auxiliary equipment
used to make the pilot drillings, such as driving power
and fluid sources, can be applied for the tunnel drilling
device without the need to displace them.
[0013] Fig. 3 shows some profile shapes of the tunnel
tube which can be made according to the present inven-
tion. Apart of that, a traditional at least substantial circu-
lar profiel shape and also possibly a rectangular profile
shape (fig. 4) can be made.
[0014] Fig. 5 shows schematically a front view of the
device 3, wherein the working areas 12 of the drilling
members are shown. By application of a plurality of rel-
atively small drilling members each having a circular
working area 12, a tunnel tube differing from the circular
shape can be made. Each drilling member can be a drill-
ing head with bits know as such, spinning around a cen-
tral spinning axis extending under right angles to the
drawing surface of fig. 5. In stead of bits, the drilling head
can have e.g. fluid jet nozzles ejecting a fluid jet eroding
the surrounding soil material. Preferably, adjacent drill-

ing members spin oppositely.
[0015] Fig. 6 shows a sectional side view and fig. 4
shows the corresponding view of fig. 6 in the direction
of the arrow VII of an alternative embodiment of the tun-
nel drilling device 3 for making a tunnel tube with rec-
tangular profile. The drilling members, the working are-
as 12 of which are shown, can now spin around an axis
13 extending making an angle with the longitudinal di-
rection of the tunnel tube. As with fig. 5, the working ar-
eas 12 are within a soil knife 14 having a slanted cutting
edge extending downwardly to the back as view from
aside. This soil knive can be eliminated. It is also feasi-
ble, to use the soil knive without additional drilling mem-
bers or with different drilling members.
[0016] Fig. 8 and 7 show the profile of the tunnel tube
2. In fig. 8 a wheeled carriage 15 is located in the tunnel
tube 2. A prefabricated tunnel wall lining segment 16 of
steel sheet is supported by the carriage. The segment
16 preferably makes a closed section. It is supplied to
the tunnel tube 2 in collapsed mode, preferably by pivots
along one or more pivoting lines. The segment 16 can
advance through the tunnel tube from its begin an to-
wards the drilling front to extend the tunnel tube wall lin-
ing over a distance that at least substantially equals the
distance over which the device 3 is advanced since the
last time the tunnel tube wall lining is extended. At the
location of destination the segment can be unfolded into
its final shape, corresponding to the tunnel tube profile
(fig. 7). By lining the tunnel wall with metal, preferably
sheet type, an air tight, fire proof tunnel tube of relatively
low weight is provided.

Claims

1. Method of making a tunnel tube with the aid of a
tunnel drilling device, particularly for car or train traf-
fic, with a diameter of preferably 3m to a minimum,
particularly at least partly below the local ground
water level in sandy soil or another relatively easy
processable underground, such as clay, peat, grav-
el or mixtures of these soil types, by initially making
one or more at least substantially parallel guide or
pilot drillings which are subsequently followed by
the tunnel drilling device.

2. Method according to claim 1, wherein through said
pilot drillings material and/or equipment for drilling
the tunnel, such as liquid or mortar, are supplied to
and/or withdrawn from the tunnel drilling device.

3. Method according to claim 1 or 2, wherein the pilot
drillings are carried out in the one direction and the
tunnel tube is made in the opposite direction and
preferably provision is made that the one or more
pilot drillings arrive above the ground at the side of
the tunnel drilling device facing the direction of its
advancement through the ground, before the tunnel
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drilling device starts to follow said pilot drillings.

4. Method according to any of claims 1-3, wherein the
walls of a pilot drilling are provided with a lining such
as a prefabricated tube, the front end of which is
preferably moved with the drilling front of the pilot
drilling.

5. Method according to any of claims 1-4, wherein the
tunnel drilling device has an underground rotatably
fixed base frame following the advancement of the
drilling front and having driving means for rotatably
driving one or more underground drilling members
which are rotatable relative to said base frame and
also follow the advancement of the drilling front,
such as drilling bits or fluid jet nozzles, preferably
pushing against the rotatably fixed base frame.

6. Method according to any of claims 1-5, wherein a
pulling member (6) extends through at least one of
the pilot drillings and is connected to the tunnel drill-
ing device (3) to exert a pulling force on it.

7. Method according to any of claims 1-6, wherein a
shell body (10) is overlapping the tunnel wall lining
(9) connecting at least substantially fluid tight there-
to such that no matter can penetrate the tunnel tube
(2).

8. Method according to any of claims 1-7, wherein the
tunnel tube is installed according to a hollow ex-
tending curved path relative to the eart surface and
preferably extends below an obstacle, such as a
building, surface water body, forest, lawn, or such.

9. Method according to any of claims 1-8, wherein a
prefabricated tunnel wall lining segment (16) of
preferably steel sheet and preferably providing a
closed section is supplied to the drilling front in col-
lapsed mode, preferably by pivoting along one or
more pivoting lines, and is subsequently unfolded
into its final shape, adapted to the tunnel tube pro-
file.

10. Method according to any of claims 1-9, wherein the
tunnel drilling device (3) has a plurality of relatively
small drilling members, each covering a working ar-
ea (12) around an own axis.
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