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[57] ABSTRACT

An apparatus for driving a tunnel, the apparatus hav-
ing a knife shield composed of a circular array of elon-
gate knife implements supported by a frame and at-
tachable to a drive frame which can be moved to
cause the implements to penetrate into a working face
in order to excavate material therefrom. To the rear of
the knife shield there is an advanceable temporary lin-
ing composed of tube sections arranged end-to-end
and designed to support the newly-formed tunnel. This
advanceable lining extends into a rear shield com-
posed of a rearwardly extending portion of the imple-
ments lined with plank members. '

A tubular revetment has a flange which abuts the

_advanceable lining at the side remote from the knife

3,372,553 3/1968 Samoilov et al. .......ccecerieennne 61/85 g . Ty
3,379,024 4/1968  WOhIMEYET . ......ooorrrreeeer... 61/85  shield and fluid concrete is inserted around the
3,413,811 12/1968 Giacobino......... 61/85 X  periphery of the revetment to form a permanent
3,581,507 6/1971  Stevens:......ccoeeeevrreenevenns 61/85 tunnel lining, separated from the advanceable lining
3,613,384  10/1971  Jacobs ...cccoeovvrermreeenrnnenranenns 61/85 by the flange. The advanceable lining and the
FOREIGN PATENTS OR APPLICATIONS revetment are moved up from time to time as the
1,244222  7/1967  GEIMANY ovoveveereerre e o1/ss  driving progresses. o
380,685  9/1932  Great Britain.......ccccccoveuunen.n. 61/84 7 Claims, 4 Drawing Figures
13_.14 8 59 I 4 1
H [[ L ~/ 8
l, = = £
I H I :EE -4
— — I |—{loH| v
I 2
l o 3
= — laf]
I L1 B
/ {/ { \I/ 7 ]
19 ' /| ‘
V15 18 e 45 1112 -1



PATENTEDJUN25 1574 3,818,713

y Y — T
‘Y ! \\\ = (({)J QY]
o 210
, 0 o
i “;:\CD — :;
— N
(‘Q.
© _
s - B TR
. H Hl |0 ™) H H ©
— i
@- T O O
B — H B
— ‘o . R
L “+o
H H
I ||




3,818,713

1
DRIVING OF TUNNELS

BACKGROUND TO THE INVENTION

The present invention relates generally to a method
of, and apparatus for, driving tunnels, galleries,
trenches and the like excavations.

In order to drive a tunnel it is known to use the so-
called “knife-shield” apparatus such as is described in
German Ultility Pat. No. 1,910,987. The apparatus has
a frame bearing plank-shaped knives mounted adjacent
to one another on the top of the frame. Each knife is
associated with a double-acting hydraulic piston and
cylinder unit disposed between the frame and the knife
in question, so that each knife can penetrate into the
ground material in a forward direction. As each knife
advances, the frame is secured in position by the fric-
tional resistance between the other knives and the sur-
rounding material. When all the knives have been ad-
vanced, the simultaneous application of pressure fluid
to all the hydraulic units in a reverse sense causes the
frame to be moved forward. When apparatus of this
type is used for driving a tunnel, a concreting opera-
tion, performed to fabricate a permanent tunnel lining,
usually ‘takes place immediately to the rear of the
frame. This presents a serious draw-back, because in
the same area of the tunnel in which concreting is to be
performed, the material extracted has to be removed.

Hence, to avoid hindrance, these operations are usu-
ally performed in separate cycles, which is excessively
time. consuming.

Apparatus is also known which produces tunnels or
galleries by utilizing metal tubes of limited thickness to
form a temporary support lining for the tunnel. In this
form of apparatus, the actual excavation or driving has
to be effected by means of manually operated tools or
knives, as a knife shield of the aforementioned type
which requires an adequate support means cannot be
used.

A general object of the present invention is to pro-
vide an improved method and apparatus for driving
tunnels or the like.

SUMMARY OF THE INVENTION

According to the invention there is provided appara-
tus for forming tunnels or the like; said apparatus com-
prising a knife shield composed of a plurality of mov-
able elongate implements each provided with a cutting
portion, a drive frame to which said implements can be
selectively connected, a support frame for supporting

said implements, means for effecting relative move-
ment between the drive frame and the support frame in
the longitudinal direction of the implements so as to
cause at least some of the implements to excavate ma-
terial, a plurality of tube sections arranged end-to-end
to form an advanceable tunnel lining for supporting the
wall of the tunnel adjacent the knife shield, and a revet-
ment disposed adjacent said advanceable lining and re-
mote from the knife shield, said revetment being
adapted to define a space for the introduction of con-
crete to form a permanent tunnel lining.

Further, according to the invention there is provided
a method of driving a tunnel or the like, said method
comprising the steps of driving a knife shield composed
of elongate cutting implements into material to be re-
moved supporting the wall of the tunnel produced by
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said implements with tube sections arranged end-to-
end forming an advanceable lining, inserting concrete
into a space defined by a revetment located at the rear
of said advanceable lining to form a permanent tunnel
lining, and - advancing said revetment when the con-
crete has set.

In general, the invention combines the advantages of
using a knife shield and of using an advanceable lining
to support the wall of the tunnel prior to the construc-
tion of the permanent concrete lining. The concreting
operation can thus be carried out at a sufficient dis-
tance from the excavation site to prevent the driving
operation and the concreting operation from interfer-
ing with or impeding one another. In accordance with
the invention, it is possible to effect the concreting
operation at least partly during the time that the driving
operation is effected which enables the tunnel to be
formed more quickly.

The cross section of the tunnel may take any desired
form, e.g., circular or ogival, in which case, the knife
shield is shaped in a corresponding manner to directly
shape the tunnel. In an alternative version, however, a
calotte-shaped or arcuate-shaped shield can be
adopted which moves behind auxiliary units which
preferably drive and concrete two side adits which can
form the lateral walls of the finished tunnel. The shield
then completes the driving of the entire cross section
of the tunnel.

The invention may be understood more readily and
various other features of the invention may become
more apparent from consideration of the following de-
scription.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the invention will now be described
by way of example only, with reference to the accom-
panying drawings, wherein:

FIG. 1 is a schematic side elevation of an apparatus
made in accordance with the present invention;

FIG. 2 is a cross-sectional view of the apparatus
shown in FIG. 1, the view being taken along the line
I1—II of FIG. 1,

FIG. 3 is a schematic side elevation of another form
of apparatus made in accordance with the present in-
vention, and;

FIG. 4 is a cross-sectional view of the apparatus
shown in FIG. 3, the view being taken along the line
IV—IV of FIG. 3.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring initially to FIGS. 1 and 2, there is shown a
tunnel driving apparatus which is formed at its fore-
most end with a knife shield generally designated 1.
This knife shield 1 is composed of a circular array of
elongated implements 2 each provided with a cutting
portion 3 at the outwardly facing end thereof. Each im-
plement 2 is movable in a longitudinal direction inde-
pendently of the remaining implements 2. The imple-
ments 2 are carried or supported by a frame 4 com-
posed of a rear upright member 5 and front inclined
member 6 and intermediate struts 7.

A drive frame 8 which is movable in relation to the
frame 4 is disposed rearwardly of the latter. A number,
in this case four, hydraulic piston and cylinder units 9
are connected between the frames 4,8 to effect relative
movement therebetween. A pump for charging these
units 9 can be mounted on the frame 4. The frame 8 has
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a ring provided with apertures 11 permitting the imple-
ments 2 to be secured to the frame 8 with the aid of
locking pins 12.

The rearmost portions of the implements 2 form a
rear shield generally designated 13. This rear shield 13
is lined with plank members 14 and defines a space into
which can be inserted tube sections 15 which are ar-
ranged end-to-end to form a lining 16 for the wall of the
tunnel excavated by the apparatus. As the apparatus,
more particularly the shield 1, advances fresh tube sec-
tions 15 would be installed.

At some distance rearwardly of the shield 13 there is
a tubular revetment 17. The revetment 17 is relatively
short in comparison to the distances between the revet-
ment 17 and the shield 13 which may be, for example,
30 to 50 metres. The revetment 17 has clamping de-
vices therein and is provided with a flange 18 which
abuts the first of the tube sections 15. Fluid concrete
would be introduced into the space 19 around the re-
vetment 17 and the revetment 17 would be advanced
towards the apparatus when the concrete has set.

The operation of the apparatus is as follows:

One or a group of members 2 are secured to the
frame 8 with the aid of the pins 12 and the hydraulic
units are operated in order to advance the frame 8
towards the frame 4 to thereby cause the member or
members 2 to penetrate into the material at the work-
ing face. The member or members 2 are detached from
the frame 8 and the hydraulic units are operated to
bring the frame 8 back to its former position. One or
more further members 2 are attached to the frame 8
which is again advanced as described above. The fresh
member or members are detached from the frame 8
and the latter is again brought back to the initial posi-
tion to commence another operating cycle. The se-
quence is repeated until all the members 2 have been
driven into the face so as to cut a cylindrical section of
material from the working face. This material is re-
moved in known manner and the frame 4 is re-sited be-
fore a fresh operating cycle is commenced. At each ad-
vance of the shield 1 in the manner described, a fresh
tube section 15 is installed so as to maintain the lining
16 within the rear shield 13 and the revetment 17 is
similarly advanced. It is advantageous that the actual
driving or excavating operation and the concreting
operation is carried out remotely and independently
from one another thereby preventing one operation
from interfering with the other and enabling these
operations to be carried out simultaneously or at least
partly concurrently.

The apparatus shown in FIGS. 3 and 4 has like refer-
ence numerals denoting like parts to those of FIGS. 1
and 2. In the apparatus shown in FIGS. 3 and 4 the
drive frame is denoted 28 and the support frame is de-
noted 24. In distinction to the corresponding frames
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4,8 in the apparatus shown in FIGS. 1 and 2 the frames
24,28 has transverse elements 25,26 located at the hor-
izontal centre of the frames 24,28, The elements 25,26
support additional elongate implements 23 formed with
cutting portions at the outermost ends. These imple-
ments 23 are moved in groups or in toto to facilitate the
excavation of the material.

I claim:

1. Apparatus for forming tunnels, said apparatus
comprising; '

a. a knife shield composed of a plurality of individu-
ally movable elongate implements each having a
cutting portion;

b. a drive frame;

c. means for selectively connecting each of the imple-
ments to the drive frame;

d. a support frame for supporting said implements;

e. means for effecting relative displacement between
the drive frame and the support frame in the direc-
tion of the longitudinal axis of the implements;

f. a plurality of tube sections arranged end-to-end to
form an advanceable tunnel lining for supporting
the wall of the tunnel adjacent said knife shield;
and

g. a displaceable revetment disposed adjacent said
advanceable lining remote from the knife shield,
said revetment defining a space for receiving fluid
concrete to form a permanent tunnel lining.

2. Apparatus according to claim 1 wherein there is a
rear shield formed at least partly by the implements and
disposed at the side of the drive frame remote from the
cutting portions of the implements, the advanceable
lining extending at least partially into said rear shield.

3. Apparatus according to claim 1 wherein the drive
frame has a ring member provided with apertures and
said connecting means is in the form of locking pins in-
sertable into said apertures.

4. Apparatus according to claim 1, wherein the im-
plements are arranged in a circular array.

5. Apparatus according to claim 1, wherein said
means for relatively moving the frames is in the form
of a number of hydraulic piston and cylinder units,

6. Apparatus according to claim 1 and further com-
prising a row of further implements disposed within the
first mentioned implements and supported by and se-
lectively connectable to transverse elements of the sup-
port and drive frames, respectively.

7. Apparatus according to claim 1, wherein the revet-
ment is a tube provided with a flange abutting an end-
most tube section and the space for receiving concrete
is disposed at the outer periphery of said tube on the

side of the flange remote from the tube sections.
* * * * *



