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Description

[0001] The invention relates to a method for forming
at least one foundation element in the ground.
[0002] A number of variants for positioning a founda-
tion pile or deep wall of this type are known from the prior
art. For example, it is known to drive foundation piles or
deep wall elements into the ground using a pile-driver or
to vibrate them into the ground using a vibrating machine.
The deep walls to be put in place generally lie below the
groundwater level, in which case they have to be sub-
stantially impervious to groundwater.
[0003] One drawback in this respect is that the pile-
driver or vibrating machines take up a large amount of
space and cause high levels of noise pollution during
operation. Moreover, high forces occur and are transmit-
ted via the earth to at least the immediate vicinity, which
may cause damage to, for example, buildings or other
existing structures.
[0004] One of the more recent developments involves
using a rotary movement to twist pipes composed of hol-
low pipe segments into the ground. In this case, a first
pipe segment is twisted into the ground, after which a
following segment is welded to it, and then the two seg-
ments are twisted further into the ground, etc. Grout bod-
ies have to be injected between adjacent pipes in order
to obtain a substantially watertight deep wall.
[0005] A drawback of this arrangement is that it is nec-
essary to overcome considerable forces to enable the
pipes to be twisted into the ground. In this case, in par-
ticular, insurmountable problems may arise if great
depths have to be covered. The machine required to do
this is expensive to produce and also expensive to use.
The fitting of the grout bodies between the tubes is com-
plex, and, depending on the soil composition, relatively
unpredictable and unreliable, with the result that it is dif-
ficult to ensure that the arrangement will be impervious
to groundwater.
[0006] A method according to the preamble of claim 1
is known from FR-A-2 418 301, which shows a method
for sinking a hollow tube into the ground by using a re-
movable drilling head which drills out earth beneath the
bottom part of the tube. During sinking the drilling head
is positioned inside the lower part of the tube. Earth drilled
loose by the drilling head can be transported upwardly
through the tube by means of water injected under pres-
sure at the level of the drilling head.
[0007] A method according to the preamble of claim 1
is also known from US-A-4, 637, 758, regarded as the
closest prior art.
[0008] It is an object of the present invention to at least
partially overcome the abovementioned drawbacks
and/or to provide a usable alternative. In particular, it is
an object of the invention to provide a relatively inexpen-
sive, environmentally-friendly, safe and reliable method
and system for positioning a foundation element which
takes up only a small amount of machinery space and
can be used at any desired location without damaging

the immediate vicinity.
[0009] This object is achieved by a method according
to claim 1. According to the method, a hollow foundation
element is introduced into the ground in a substantially
upright position. At the same time as it is being introduced
into the ground, a removable drilling head is active be-
neath the bottom part of the foundation element. The
drilling head drills out the earth which the foundation el-
ement would otherwise come into contact with while it is
being sunk into the ground. For this purpose, the drilling
head is provided with at least one excavating member
which can rotate about a drive shaft of the drilling head
and has radial dimensions which in particular are greater
than or equal to the external dimensions of the foundation
element. The earth which has been drilled out can then
be discharged to outside the foundation element in a suit-
able way. It has been found that the foundation element
can therefore be introduced into the ground relatively
easily and that considerable penetration depths of more
than 66 metres can be achieved without a heavy press
installation, pile-driving device, vibratory unit or the like
being required directly for that purpose. The method can
advantageously be used at working locations where only
a low working height is available. The minimum working
space height required is in this case substantially deter-
mined by the length of the foundation elements to be
introduced. In this context, it is advantageously possible
to use a plurality of segments which can be joined to one
another and together serve to form one foundation ele-
ment and which, by way of example, are in each case
welded to one another.
[0010] Earth which is drilled out by the excavating
member passes via introduction openings into a flushing
chamber which is delimited by housing walls of the drilling
head and is located above the excavating member. The
earth which has been drilled out is in this case forced
continuously into the flushing chamber via the introduc-
tion openings by the excavating member and the drilling
head which moves downwards together with the founda-
tion element. A stream of liquid supplied via a feed line
is passed through the flushing chamber. In this way, the
earth which has been released can mix with the flushing
liquid in the flushing chamber and can easily be dis-
charged via a discharge line. In this case, it is possible
for the flushing liquid together with the earth which has
been drilled out to be discharged via a suitable system
of lines to well away from the immediate working location,
for example to a sludge repository. Making use of a flush-
ing chamber of this type has demonstrated that water,
for example water from a lake or river in the vicinity, with-
out further additives for increasing the viscosity, can be
used very effectively as a flushing liquid. Furthermore, it
is advantageous that the discharge of the earth which
has been drilled out does not have to lead to contamina-
tion of the remainder of the drilling head, of the cavity in
the foundation element and of the working area above
the ground.
[0011] It is noted that US-A-4406498 discloses a shield
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tunnelling machine having a combination of a cutter head
and a muck chamber. This machine is used for excavat-
ing tunnels and not for forming foundation piles.
[0012] According to the present invention the pressure
of the flushing liquid fed into the flushing chamber is pref-
erably set to a slight excess pressure with respect to a
prevailing groundwater pressure in the surrounding
ground. In particular, the excess pressure is in this case
approximately 0.1-0.3 bar. This excess pressure ensures
that the ground can be discharged in a controlled manner
at the location of the excavating member. This reduces
the risk of undesirable disturbances to the surrounding
ground, and therefore also the risk of erosion and sub-
sidence. The rate at which the earth mixture is discharged
can be accurately matched to the desired penetration
rate as a result of the use of the flushing chamber with a
slight excess pressure.
[0013] The introduction openings are advantageously
provided in a base plate which delimits the flushing cham-
ber on the underside and is fixed to the housing in such
a manner that it can move up and down in a controllable
manner in the drilling head. If a fault is detected which is
related to an accumulation of pieces of earth which are
too large for the introduction openings, this fault can be
overcome by, as it were, breaking up the pieces of earth
between the base plate and excavating member by
means of the base plate being moved downwards with
a certain force.
[0014] In a first, more particular preferred embodiment,
the progress of introducing the foundation element into
the ground is monitored and, in the event of a deviation
from the intended direction of introduction of the founda-
tion element being observed, the position of the drive
shaft with excavating member is adjusted accordingly
with respect to the bottom part of the foundation element.
The adjustment may involve displacement of the drive
shaft with excavating member in the horizontal plane
and/or tilting of the drive shaft with excavating member
with respect to the vertical. The new position leads to the
excavating member starting to dig out more earth on one
side and less earth on the other side beneath the bottom
part of the foundation element. As a result, the foundation
element is subject to less resistance on one side and
more resistance on the other side as it penetrates into
the earth, and will begin to straighten itself out. This pos-
sibility of controlling the drilling head advantageously al-
lows the intended direction of introduction to be moni-
tored in a reliable way and adjusted if desired.
[0015] This form of control works well in particular in
combination with a foundation element of which the bot-
tom part is provided with a tapering peripheral wall part.
Moreover, the tapering peripheral wall part reduces the
initial resistance to penetration by the foundation ele-
ment.
[0016] In a second, more particular preferred embod-
iment, during the introduction into the ground, a down-
ward force is exerted on the foundation element with the
aid of a press installation. The press installation is in this

case of the hydraulic type which comprises a frame which
is supported on the ground next to the foundation ele-
ment. The frame can be anchored to the ground by
means of anchoring elements, for example threaded an-
chors, but may also be held against the ground with the
aid of counterweights. As a result, the foundation element
can be pressed uniformly into the ground, with simulta-
neous driving of the drilling head, by means of a relatively
light press installation, without the surrounding area be-
ing adversely affected. The press installation may advan-
tageously be designed with a limited overall height, in
particular a height of less than 3 metres, and generates
little noise and is free of vibrations. Moreover, it is safe
for workers on the construction site.
[0017] The required introduction force can be reduced
further by filling the cavity in the foundation element with
liquid while it is being introduced into the ground.
[0018] The press installation is provided with engage-
ment means which can be moved up and down by hy-
draulic means with respect to the frame. The engage-
ment means are preferably also laterally adjustable. This
makes it possible to adjust the direction in which the foun-
dation element is introduced slightly if desired. This is
important in particular when the bottom part of the foun-
dation element starts to be introduced into the ground,
since the above-described adjustment with the aid of the
drilling head is at that stage not yet fully functional.
[0019] In a more particular, third preferred embodi-
ment, the drilling head is designed in such a manner that
the excavating member can be retracted with respect to
the drive shaft substantially in a plane which is perpen-
dicular to the direction of introduction, into an at-rest po-
sition, in which the maximum dimension of the entire drill-
ing head is then smaller than internal dimensions of the
cavity in the foundation element. The direction of move-
ment of the excavating member in the plane which is
substantially perpendicular to the drilling direction advan-
tageously ensures that the drilling head can be used im-
mediately as soon as the excavating member emerges
beneath the foundation element. This also allows im-
proved control of the drilling head. After the foundation
element has been sunk or in the event of problems in the
meantime, the drilling head can, then be retracted up-
wards through the cavity. As a result, the drilling head is
not lost and can in each case be re-used and/or repaired.
It is also possible for the drilling head to be temporarily
retracted in order for impenetrable obstacles which it may
encounter to be removed by other means before drilling
is then recommenced.
[0020] In a variant, the excavating member is provided
with a part which can be folded down. This fold-down
part preferably extends from the free end of the excavat-
ing member to just inside the internal dimensions of the
cavity in the foundation element. The fold-down part can
then be folded out during the first revolution of the exca-
vating member about the drive shaft and/or folded in prior
to or during the retraction of the drilling head in the up-
wards direction through the foundation element.
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[0021] At the same time as the drilling head is being
drawn upwards, it is possible for a settable material to
be injected into the foundation element. In this way, a
strong, robust foundation pile, which is surrounded by
the foundation element is formed. It is also possible for
the drilling head and the foundation element which has
been sunk to depth to be removed into the upwards di-
rection substantially together, while, at the same time, a
settable material is being injected into the cavity left be-
hind. In this case too, a reliable, robust foundation pile is
advantageously formed. After the material has set, this
pile then consists exclusively of set injected material. It
is then possible to re-use not just the drilling head but
also the foundation element itself.
[0022] In another variant, the foundation element is left
in the ground and, after the drilling head has been re-
moved, is at least partially filled with foundation material.
If necessary, the foundation element can be filled with
liquid, for example a bentonite-containing liquid, in an
intermediate step. This prevents the foundation element
from undesirably filling up with earth or contaminated
groundwater. The foundation material used can then
once again be a settable material, but also, for example,
a foundation material which is tipped in as a loose ma-
terial, such as earth or rocks. In the event of the founda-
tion element being partially filled with rocks, it has proven
advantageous for the foundation element to be provided,
at least in its bottom wall part, with a profile, such as ribs.
[0023] The above-mentioned method makes it possi-
ble to form both free-standing foundation piles and deep
walls (bored pile walls) which comprise a plurality of foun-
dation elements which have been formed in accordance
with the invention.
[0024] When the deep walls are being used, the foun-
dation elements can be fitted such that they adjoin one
another and also such that a space is left between them,
in which, for example, sealing bodies can be arranged.
The sealing bodies can then be forced into the ground
using the same press installation. Drilling has not proven
necessary for this operation.
[0025] In particular, the tubes are provided on the outer
side with connecting pieces which extend in the longitu-
dinal direction. It is then possible for the sealing bodies,
such as sheet pile planks, to be arranged between the
connecting pieces. The result is a combination deep wall,
comprising hollow foundation elements and sheet pile
planks with reliable properties such as water tightness
and strength. The provision of a connecting piece on the
outer side of the foundation element is advantageously
possible through the fact that the foundation element is
introduced into the ground in a substantially upright po-
sition without having to be rotated about its longitudinal
axis. After all, in the event of rotation, a connecting piece
of this type would present considerable additional resist-
ance. The sheet pile planks can be coupled to the foun-
dation elements in segments which can be connected to
one another.
[0026] More particularly, the foundation elements are

in this case provided with a profiled connecting piece
which is designed to engage on a profiled edge part of
the sealing body by means of a sliding movement in the
abovementioned longitudinal direction.
[0027] Further preferred embodiments of the invention
are defined in the subclaims.
[0028] The invention also relates to a system for using
the method according to one of claims 16-41.
[0029] The invention will be explained in more detail
with reference to the appended drawing, in which:

Fig. 1-4 diagrammatically depict successive method
steps in a method according to claim 1;
Fig. 5 shows a cross-sectional view on line V-V in
Fig. 4;
Fig. 6 shows a view, on an enlarged scale, of details
X, Y and Z from Fig. 5;
Fig. 7 shows a cross-sectional view through an em-
bodiment of a drilling head which is positioned in a
segment of a foundation element, suitable for using
in the method of claim 1;
Fig. 8 shows a view from below of Fig. 7 with exca-
vating members positioned in a drilling position;
Fig. 9 shows a view corresponding to that shown in
Fig. 8, with excavating members positioned in an at-
rest position;
Fig. 10 shows a diagrammatic cross-sectional view
through a system with an anchored press installa-
tion;
Fig. 11 shows a transverse sectional view of Fig. 10;
Fig. 12 shows a view corresponding to that shown
in Fig. 10 during the placing of the foundation ele-
ment;
Fig. 13 shows a view corresponding to Fig. 10 during
the retraction of the drilling head;
Fig. 14 shows a view corresponding to that shown
in Fig. 10 with a plurality of foundation piles formed
next to one another;
Fig. 15a-f shows six steps involved in forming a deep
wall with overlapping piles;
Fig 16 shows a cross section through a variant of a
deep wall which has been formed;
Fig. 17 shows a perspective view of a variant of a
drilling head positioned in a bottom part of a founda-
tion element, in a system according to claim 16;
Fig. 18 shows a view corresponding to that shown
in Fig. 17, seen more from above;
Fig. 19 shows a diagrammatic longitudinal section
through Fig. 17 with laterally adjusted excavating
members;
Fig. 20 shows a view of Fig. 19 from below;
Fig. 21 shows a diagrammatic longitudinal section
view of a further variant; in a system according to
claim 16 and
Fig. 22 shows a cross section on line XXII-XXII in
Fig. 21.

[0030] It can be seen from Fig. 1 how a hollow tube 1
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has been positioned in a hydraulic press device 2 and is
ready to be forced into the ground as a foundation ele-
ment. A drilling head 3 is arranged in a bottom part of the
tube 1. The drilling head 3 has an external diameter which
is less than or equal to the internal diameter of the tube
1. During operation, the hydraulic press device 2 and the
drilling head 3 are driven simultaneously, i.e. the drilling
head 3 drills out earth which the front part of the tube 1
meets at the same time as the tube 1 is advancing (Fig.
2). The drilling head 3 is equipped with a flushing section.
During the drilling, the earth which has been drilled out
is discharged by means of a flow of water which is passed
through the flushing section. The flow of water is in this
case controlled in such a manner that there is never too
much earth discharged. The flow of water together with
the earth which is released is tipped into a sludge repos-
itory at a distance from the working location.
[0031] The drilling head 3 is advantageously provided
with a control system making it possible to correct any
deviations in the penetration direction during drilling.
[0032] After the tube 1 has been sunk (Fig. 3), the drill-
ing head 3 is retracted upwards through the tube 1. Be-
fore the drilling head 3 is retracted, the tube 1 can be
filled with water, so that it is impossible for any earth to
enter from the underside. After the drilling head 3 has
been retracted, the tubes 1 can be filled with earth, con-
crete or the like.
[0033] An injection line is advantageously carried
along during the operation of forcing the tube into the
ground. The injection line can be used to add lubricant
around the tube 1 in order to further reduce the friction.
The lubricant may, for example, comprise bentonite lu-
brication. The lubrication can also be used to make it
possible to carry out corrections to the penetration direc-
tion of the tube 1.
[0034] After a number of tubes 1 have been put in
place, a sheet pile plank 4 is pressed between the tubes
1 (Fig. 4). The same press device 2 can be used for this
purpose. Suitably profiled connecting pieces 6 have been
welded, bolted or connected in some other way to the
tubes 1 beforehand to match the sheet pile planks 4 (Fig.
6), and longitudinal edges 7 with a complementary profile
of the sheet pile planks 4 can be pushed into these con-
necting pieces.
[0035] After the sheet pile planks 4 have been sunk,
the abovementioned injection pipes can be used to de-
liver a settable material, for example a grout mixture. As
a result of a material of this type being pressed in from
the underside of the tubes 1, firstly the tubes 1 are bonded
to the earth and secondly the connecting pieces 6 and
the longitudinal edges 7 of the sheet pile planks 4 are
also provided with a cladding. This cladding enhances
the water barrier function.
[0036] To enable further absorption of compressive
forces on the deep wall, it is also possible to fit tie rod
anchors. The tie rod anchors are advantageously formed
by threaded injection anchors. The tie rod anchors can
be positioned, for example, from the space inside the

hollow tubes 1.
[0037] If the tubes 1 are to extend over great depths
and/or if it is necessary to work from a working space
with a limited working height available, it is advanta-
geously possible to select to use tube segments which
can be connected to one another. In each case after a
tube segment has been sunk into the ground using the
internal drilling, a subsequent tube segment is attached
to the top of it, for example by welding. The combined
pressing and drilling process can then be continued until
this tube segment too has been sunk. In this case, it is
advantageously possible to alternate between two tubes.
Components of the installation which are not in use while
a new tube segment is being connected to a first tube,
for example a drive unit for the drilling head, can then be
transferred to another tube and drive the drilling head
located there during the pressing operation. In this way,
various components can be utilized efficiently, and in par-
ticular the time required to join the tube segments to one
another is optimally utilized.
[0038] The method is suitable in particular for placing
tubes with a relatively large cross section, in particular
larger than one and a half metres, in the ground. The
tube is composed in particular of tube segments with a
height of approximately two metres.
[0039] Before the tube or a first tube segment of the
tube is pressed into the ground, it is preferable first of all
for a housing of approximately one metre to be pressed
into the ground. This housing is used to prevent material
from being flushed out during the initial part of the drilling
and pressing process.
[0040] In Fig. 7, a drilling head 9 comprises a rotatable
excavator wheel with adjustable excavating members
10. Above the excavator wheel there is a flushing cham-
ber 11 with rock crusher. The flushing chamber 11 is
connected to flushing lines 13. Furthermore, the drilling
head 9 comprises a hydraulic drive 12 for rotating the
excavator wheel during introduction of a tube segment
14. Controllable clamping means 15 with seals 16 which
engage in a sealing manner with the inner peripheral wall
of the tube segment 14 are provided along the peripheral
wall of the drilling head 9. With the aid of control cylinders
17, the drilling head 9 can be accurately oriented with
respect to the tube segment 14 during the introduction
operation. With this, a part of the drilling head 9 in which
the excavator wheel with excavating members 10 and a
drive shaft of the excavator wheel are mounted tilts.
[0041] A downwardly tapering peripheral wall part 18,
which merges into a cylindrical part 19, is provided on
the outer peripheral wall of the tube segment 14. The
cylindrical part 19 forms an overlap with respect to that
part of the outer peripheral wall of the tube segment 14
which is located above it. The overlap has the advantage
that during the advancing movement space is left clear
behind it. This space can advantageously be used for
the abovementioned supply of lubricant along the outer
peripheral wall of the foundation element. For this pur-
pose, the overlap is preferably a few centimetres. The
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space can also be used to supply a particularly slow-
setting material which, after it has set, bonds the earth
to the foundation element. In the case of a combination,
in a first phase of penetration a lubricant is supplied, and
in a second phase, after the foundation element starts to
approach or has reached its final depth, this lubricant is
expelled by the settable material, in particular cement.
[0042] The excavating members 10 can be displaced
in the radial direction between a drilling position (Figs. 7
and 8) and an at-rest position (Fig. 9). In the drilling po-
sition, the excavating members 10 extend beyond the
outer peripheral wall of the tube segment 14. In the at-
rest position, the drilling head 9 as a whole has a cross-
sectional dimension which is smaller than the inner pe-
ripheral wall of the tube segment 14.
[0043] In Figs. 10 and 11, the drilling head 9, together
with the first tube segment 14 from Fig. 7 are positioned
beneath a press installation 20. The press installation 20
comprises a frame which is anchored to the ground 22
by anchors 21. The installation 20 comprises a hydraulic
press section 24 which is designed to engage on the tube
segment 14 and to press it downwards into the ground
22 with the excavator wheel of the drilling head 9 being
driven.
[0044] Fig. 12 shows a number of steps further in the
drilling introduction of the tube, in which a plurality of tube
segments 14, which are connected to one another, have
already been pressed into the ground with, at the same
time, the earth located beneath the front part of the tube
segment 14 which was introduced first being drilled out
at the same time. This procedure can be continued until
a desired depth has been reached. The press section 24
is in this case in a raised position, so that a new tube
segment can be placed beneath it.
[0045] Fig. 13 shows a tube which has been sunk and
in which the drilling head 9 is being removed upwards
through the interior of the tube. The tube which is being
introduced in this way can already form a foundation pile.
It is preferable for the tube to be at least partially filled
with foundation material, in particular settable material.
[0046] Fig. 14 shows the situation in which a plurality
of filled foundation piles 26 of this type have been formed
next to one another beneath the press installation 20. It
is clearly apparent that the press section 24 can be dis-
placed sideways along the frame, so that the plurality of
piles 26 can be formed in succession without the instal-
lation 20 having to be moved along every time.
[0047] As a result of the piles adjoining one another,
it is advantageously possible to form a deep wall. They
can be made to adjoin one another with separate sealing
elements positioned between them, as in Fig. 1-6, but it
is also possible to have the piles adjoining one another
with a slight overlap. Fig. 15a-f show a preferred method
for forming a deep wall in this way. First of all, tubes 30
are introduced into the ground at positions 1, 2 and 3
(Fig. 15a). Then, with simultaneous injection of settable
material 31 into the tubular cavity which has been re-
leased, they are pulled back out of the ground together

with the used drilling head (Fig. 15b). Reinforcing bars
32 are arranged in the as yet unset material 31 (Fig. 15c).
Then, tubes 34 are introduced into the ground at the in-
tervening, positions 4, 5 and 6. During the introduction,
the drilling head drills out a small proportion of the piles
35 which have been formed previously (Fig. 15d). The
tubes 34 are then also, with simultaneous injection of
settable material 36 into the tubular cavity released,
pulled back out of the ground together with the used drill-
ing head (Fig. 15e). Reinforcing bars 37 are placed in
the as yet unset material 36 (Fig. 15f). This forms a very
strong deep wall, of which the piles which have been
formed in accordance with the invention adjoin one an-
other in a reliably watertight and successful way. The
material 36 can bond to the previously injected material
31 very well during the injection, while the reinforcing
bars 32, 37 contribute to the rigidity and strength of the
deep wall.
[0048] Fig. 16 shows a deep wall of which the tubes
40 are arranged in a zigzag shape. This contributes to a
further reinforcement of the deep wall and can advanta-
geously be produced using the method according to the
invention.
[0049] Fig. 17-20 show a variant of a bottom part or
segment of a tubular foundation element 50. This in-
cludes upper and lower positioning lugs 51 as well as a
clamping wall part 52 which is set back inwards. The
outer peripheral wall comprises a downwardly tapering
peripheral wall part 53 which at the top merges into a
cylindrical wall part 54 with a thickness which is greater
than that of the part of the outer peripheral wall of the
foundation element 50 which is located above it.
[0050] A drilling head 55 has been lowered into the
inside of the foundation element 50. In the process, the
drilling head 55 is automatically centred between the po-
sitioning lugs 51. An upper edge 56 of the clamping wall
part 52 is in this case used as a stop edge for delimiting
the drilling head 55 downwardly.
[0051] The drilling head 55 comprises controllable
clamping means 60 which clamp securely on to the
clamping wall part 52. In this case, the clamping means
60 are formed by inflatable strips. These have the ad-
vantage of simultaneously clamping and forming a seal.
Connection nozzles 61 for the clamping means 60, which
are intended to be connected to pneumatic or hydraulic
control lines are provided in the drilling head 55.
[0052] In the drilling head 55 there is a plate 62 which
is fixedly connected to an outer peripheral wall 63 of the
drilling head 55. Above this plate 62 there is a mounting
flange 64 on which a drive 65 is mounted for driving an
excavator wheel with excavating members 71 which is
mounted on a drive shaft 70 (the excavator wheel with
excavating members is only shown in Figs. 19 and 20).
The drive 65 is in this case formed by a plurality of hy-
draulic motors which engage on the drive shaft 70 by
means of planetary gear mechanisms. The hydraulic mo-
tors have the advantage of taking up little space and be-
ing able to supply a high power while not being sensitive
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to dirt and moisture. The hydraulic motors are provided
on their top sides with openings which are intended to
be connected to hydraulic supply lines. A plurality of con-
trol members 74 are distributed over the periphery be-
tween the plate 62 and the mounting flange 64 and are
in this case formed by actuable cylinders. The control
members 74 are provided with connection nozzles to be
connected to pneumatic or hydraulic control lines and
are designed to adjust the position of the drive shaft 70
with respect to the tapering peripheral wall part 53 of the
foundation element 50 in the plane which is perpendicular
to the drive shaft 70. Figs. 19 and 20 show a position in
which the drive shaft 70 with drive members 71 has been
displaced a few centimetres to the left from the centre.
As a result, the penetration direction of the bottom part
of the foundation element 50 will turn slightly to the right
during further movement.
[0053] The control members 74 may be actuated man-
ually or in automated fashion; it is preferable to use meas-
uring means to determine the direction of advance of the
foundation element 50. The measuring means may be
provided in or on the drilling head and/or may interact
therewith and are formed, for example, by inclinometers
in the drilling head or a laser beam which interacts with
a sight or a plumb-line whose position is determined. The
plumb-line may advantageously also serve as a proximity
sensor and/or a velocity-measuring device.
[0054] Beneath the plate 62 there is a base plate 78
which is provided with a large number of introduction
openings 79. A flushing chamber 80 is delimited between
the two plates 62, 78. A feed line 81 for supplying a flush-
ing liquid under a slight excess pressure and a discharge
line 82 are connected to the flushing chamber 80. While
earth is being drilled out by the excavating members 71
and, at the same time, the drilling head 55 is advancing
downwards into the ground together with the foundation
element 50, the earth which is drilled out is automatically
forced into the flushing chamber 80 via the introduction
openings 79. There, the earth mixes with the flushing
liquid, and this mixture is guided up out of the foundation
element 50 via the discharge line 82. The flushing liquid
enters the flushing chamber 80 via the feed line 81,
comes into contact with the base plate 78 and then sprays
up on all sides. The turbulence which results advanta-
geously ensures intimate mixing of the flushing liquid and
the earth.
[0055] The introduction openings 79 are preferably de-
signed in such a manner that they widen towards the top.
As a result earth which enters the introduction openings
will relief by the time it enters the flushing chamber 80.
[0056] A plurality of displacement members 84, which
in this case are formed by actuable cylinders, are provid-
ed distributed over the periphery between the plate 62
and the base plate 78. The displacement members 84
are provided with connection nozzles for connection to
pneumatic or hydraulic control lines and are designed to
be able to move the base plate 78 up and down in the
axial direction in the direction of the excavating members

71. In this way, it is possible to execute a type of crushing
movement if a blockage occurs between the excavating
members 71 and the base plate 78.
[0057] It is possible to switch the feed and discharge
lines in terms of their functions in order to flush blockages
out of the flushing chamber 80. This switching may ad-
vantageously take place above ground outside the foun-
dation element 50. Furthermore, a bypass 90, in which
there is an actuable valve, is also provided between the
feed line 81 and the discharge line 82. Actuable valves
are also accommodated in the feed and discharge lines
81, 82. The lines can be flushed efficiently by actuating
these valves in a suitable way.
[0058] Fig. 21 and 22 show another variant, in which
a bottom part of a foundation element is composed of a
section 100 which is, or can be, fixedly connected to the
other part of the foundation element and a section 101
which is movably connected to this section 100. In this
case, the section 101 is connected to the section 100,
which is of slightly smaller dimensions, by means of
chains 102, and the section 101 is of double-walled de-
sign. In the sections there is secured a drilling head, of
which excavating members 106, which are mounted on
a excavator wheel in such a manner that they can be
folded over, protect beneath the section 101. The drilling
head comprises an upper part 107, which is pivotably
connected, in a manner which can be controlled by
means of control members 108, to a lower part 109. The
drilling head part 107 is in this case accommodated in a
sealing manner in the section 100 while the drilling head
part 109 is accommodated in the section 101. This cre-
ates a control option by suitable actuation of the control
members 108. The position of the drilling head part 109
with a drive shaft with the excavator wheel and the ex-
cavating members 106 inside it can be adjusted with re-
spect to the drilling head part 107 and as a result with
respect to the section 100 of the foundation element. Dur-
ing further drilling introduction, the section 100 will, as it
were, be pulled along behind the adjusted section 101.
[0059] The drilling head part 109 in this case comprises
an electric drive 110 for driving the excavator wheel with
excavating members 106. A flushing chamber 112, in
which a flushing line 113 opens out, is diagrammatically
indicated above the excavator wheel with excavating
members 106. Furthermore, there is a direction indicator
with a camera 115 directed at it, the direction indicator
acting between the two drilling head parts 107, 109. To
provide improved visibility, lighting may be provided in
the drilling head. An injection line 116 for supplying filling
medium, lubricant and/or foundation material is mounted
on the outer side of the drilling head.
[0060] The drilling head part 107 may extend to above
the ground and if desired may in each case be lengthened
at the same time as the foundation element. In this way,
the inner side of the drilling head can be kept dry, which
is important in particular for the drive and the measuring
means. During operation, liquid can be placed between
the drilling head part 107 and the section 100, in order
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to offer a counterpressure to the groundwater pressure.
[0061] In addition to the embodiments described
above, numerous variants are possible and/or it is pos-
sible to produce combinations between the embodi-
ments, while staying in the scope of the claims. In addition
to tubular foundation elements it is also possible to intro-
duce other forms of foundation elements provided with
a cavity. The foundation elements may also comprise
two or more longitudinal parts which adjoin one another.
This has the advantage that these longitudinal parts can
each be placed around the feed and control lines without
the latter having to be uncoupled. As an alternative to
sheet pile planks, it is also possible for complete bodies
made from a settable material, for example a grout ma-
terial, to be fitted between the foundation elements by
means of injection. As an alternative to being welded to
one another, the segments may also be coupled to one
another in other ways. It is also possible for the foundation
elements themselves to be provided with suitably profiled
shaped connecting pieces which are designed to be re-
ceived slideably in complementary connecting pieces on
foundation elements which have already been put in
place. As an alternative to a separate base plate, the
flushing chamber may also be delimited on the underside
by a excavator wheel provided with introduction openings
and/or by the rotating excavating members themselves.
[0062] During introduction of a foundation element, the
majority of the drilling head is preferably located inside
the bottom part of the foundation element. It is preferable
for only parts of the drive shaft and the excavating mem-
bers to be located beneath the foundation element. Since
the drilling head can be clamped securely into the foun-
dation element and is provided with its own drive unit,
the drilling head can advantageously be kept very com-
pact, in particular with a height of less than approximately
two metres. The compact drilling head merely has to be
powered and/or actuated via preferably flexible lines.
This ensures that the drilling head can be removed again
from a foundation element which has been put in place
even in small working spaces with a limited available
height. Furthermore, the drilling head is provided with
significant protection against damage from the outside,
and accurate positioning and control are possible without
having to use rigid connecting and drive means which
have to extend above ground.
[0063] Therefore, the invention creates an efficient and
reliable method and a system for carrying out a method
of this type which can highly advantageously be used for
difficult projects, for example in the vicinity of fragile con-
structions, such as a building of historic value, or from
limited working spaces, for example from an existing tun-
nel below the ground, in which case the possibility of
counteracting the prevailing water pressure counts as an
additional benefit.

Claims

1. Method for forming at least on foundation pile or deep
wall in the ground, comprising the step of sinking one
or more hollow foundation elements (1, 14, 30, 50)
into the ground with a substantially vertical orienta-
tion, in which the sinking of the hollow foundation
element (50) into the ground takes place during driv-
ing of a removable drilling head (3, 9, 55) which drill-
ing head (55), during the sinking of the foundation
element (50), is in a drilling position in which the drill-
ing head (55) extends at least partially below a bot-
tom part of the foundation element (50) by means of
at least one excavating member (10, 71) which ro-
tates about a drive shaft (70) and has radial dimen-
sions which are in particular greater than or equal to
external dimensions of the foundation element (50),
in which the excavating member (71), at the same
time as the foundation element (50) is being sunk,
drills out earth beneath the said bottom part of the
foundation element (50), and in which at least the
drilling head (55), after the foundation element (50)
has been sunk, is removed again from the ground,
characterized in that
earth which is drilled out by the excavating member
(71) passes, via introduction openings (79) into a
flushing chamber (80), which is located above the
excavating member (71), where it is mixed with a
flushing liquid, which is introduced into the flushing
chamber (80) under pressure via at least one feed
line (81), before then being discharged upwards to
outside the foundation element (50), together with
the flushing liquid, via at least one discharge line (82).

2. Method according to claim 1, in which the pressure
of the flushing liquid supplied is set to a value which
is higher than the groundwater pressure prevailing
in the surrounding ground, in particular an excess
pressure of approximately 0.1-0.3 bar.

3. Method according to claim 1 or 2, in which a base
plate (78), which is provided with the introduction
openings (79) and delimits the underside of the flush-
ing chamber (80), is moved substantially up and
down in the direction of the excavating member (71)
in the event of a problem being detected.

4. Method according to one of the preceding claims, in
which, if the foundation element (50), while it is being
sunk, starts to deviate from the intended direction of
introduction, the position of at least the drive shaft
(70), together with the excavating member (71) of
the drilling head (55) is adjusted with respect to the
foundation element (50).

5. Method according to one of the preceding claims, in
which, during the sinking of the foundation element
(1), a downwardly directed compressive force is ex-
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erted on the foundation element (1), with the aid of
a pressing installation (2) which is supported on the
ground by means of a frame and in particular is an-
chored to the ground.

6. Method according to one of the preceding claims, in
which the drilling head (55), while the foundation el-
ement (50) is being sunk, is positioned in such a
manner with respect to the foundation element (50)
that the drilling head (55) is located partly inside the
foundation element (50), while the remaining part is
located below the bottom part of the foundation ele-
ment (50).

7. Method according to claim 6, in which the drilling
head (55), during the drilling, is fixed to an inner pe-
ripheral wall part (52) of the bottom part of the foun-
dation element (50) with the aid of controllable
clamping means (60).

8. Method according to one of the preceding claims, in
which the excavating member (10) can be displaced
with respect to the drive shaft, substantially in a plane
which is perpendicular to the direction of introduc-
tion, and after the foundation element (14) has been
sunk, the excavating member (10) is moved from the
drilling position into an at-rest position, in which the
excavating member (10) has radial dimensions
which are smaller than internal dimensions of the
foundation element (14), after which the drilling head
(9) is retracted upwards through the interior of the
foundation element (14).

9. Method according to one of the preceding claims, in
which, before the drilling head (3) is retracted up-
wards, the foundation element (1) is filled with liquid.

10. Method according to one of the preceding claims, in
which, after the drilling head (9) has been retracted,
the foundation element (14) is at least partially filled
with a foundation material (26).

11. Method according to one of the preceding claims, in
which, after the foundation element (30) has been
sunk, the drilling head and/or the foundation element
(30) are pulled back upwards, with simultaneous in-
jection of a foundation material (31), in particular a
settable foundation material.

12. Method according to one of the preceding claims, in
which, during the sinking operation, one or more in-
jection lines are entrained for the purpose of supply-
ing foundation material after the foundation element
has been sunk.

13. Method according to one of the preceding claims, in
which, during the sinking operation, one or more in-
jection lines are entrained for the purpose of supply-

ing lubricant around the foundation element while it
is being introduced into the ground.

14. Method according to one of the preceding claims, in
which each foundation element (1) is composed of
segments, in particular with a height of less than 2
metres, which can be joined to one another, in par-
ticular by welding.

15. Method according to one of the preceding claims, in
which the foundation element, in the section above
the drilling head, while it is being sunk is filled with
liquid, in particular water.

16. System in particular for using the method according
to one of claims 1-15, comprising:

- at least one hollow foundation element (50);
- an installation (2) designed to exert a substan-
tially vertically oriented force on the foundation
element (50); and
- a drilling head (55) which can be lowered into
the foundation element and has at least one ex-
cavating member which can rotate about a drive
shaft and, in a drilling position, while the foun-
dation element (50) is being sunk into the
ground, has radial dimensions which in particu-
lar are greater than or equal to external dimen-
sions of the foundation element (50),

characterized in that,
the drilling head (55) comprises a flushing chamber
(80), which is located above the excavating member
(71) and on the underside comprises introduction
openings (79) provided in particular in a base plate
(78), to which flushing chamber (80) at least one feed
line (81) for introducing a flushing liquid into the flush-
ing chamber (80) under pressure is connected, and
to which flushing chamber at least one discharge line
(82) for discharging the flushing liquid mixed with
earth which has been drilled out from the flushing
chamber (80).

17. System according to claim 16, in which the introduc-
tion openings (79) widen in the upwards direction.

18. System according to claim 16 or 17, in which dis-
placement members (84) are provided in the drilling
head (55) for moving the base plate (78) substantially
up and down in the direction of the excavating mem-
ber (71).

19. System according to claim 18, in which the displace-
ment members (84) comprise hydraulically actuable
displacement cylinders.

20. System according to claim 18 or 19, in which the
displacement members (84) act between the base
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plate (78) and a housing part (62) of the drilling head
(55), which, during drilling, can be fixed in position
with respect to the foundation element (50).

21. System according to one of claims 16-20, in which
control members (74) are provided in the drilling
head (55) for adjusting the position of the drive shaft
(70) with the excavating member (71) with respect
to a bottom part of the foundation element (50).

22. System according to claim 21, in which the control
members (74) comprise hydraulically actuable con-
trol cylinders.

23. System according to claim 21 or 22, in which the
control members (74) are active between a mounting
flange (64) in which the drive shaft (70) is mounted
and a housing part (62) of the drilling head (55),
which, during drilling, can be fixed in position with
respect to the bottom part of the foundation element
(55).

24. System according to one of claims 21-23, in which
the control members (74) act so as to adjust the po-
sition of the drive shaft (70) together with the exca-
vating member (71) with respect to the bottom part
of the foundation element (55) in a direction which
is substantially perpendicular to the drive shaft (70).

25. System according to one of claims 21-23, in which
the control members (74) act so as to tilt the angular
position of the drive shaft together with the excavat-
ing member (71) with respect to the bottom part of
the foundation element (50).

26. System according to one of claims 16-25, in which
the bottom part of the foundation element (55) is pro-
vided with a downwardly tapering peripheral wall part
(53).

27. System according to one of claims 16-26, in which
there are measuring means for determining the di-
rection of introduction of the foundation element,
which measuring means interact with and/or are pro-
vided on the drilling head.

28. System according to one of claims 16-27, in which
the drilling head (55) incorporates a drive unit (65)
for driving the drive shaft (70), in particular a hydrau-
lic motor.

29. System according to claim 28, in which planetary
gear mechanisms are provided as transmission be-
tween the drive unit (65) and the drive shaft (70).

30. System according to one of claims 16-29, in which
the installation is a press installation (20) which com-
prises a frame which can be supported on the

ground, in particular can be anchored to the ground,
and which is provided with engagement means,
which can move up and down by hydraulic means
with respect to the frame, for exerting a downwardly
directed compressive force on the foundation ele-
ment (50).

31. System according to claim 30, in which the engage-
ment means can also be controllably adjusted with
respect to the frame in a direction which is substan-
tially perpendicular to the downward pressing direc-
tion.

32. System according to one of claims 16-31, in which
the drilling head (55) comprises controllable clamp-
ing means (60) for clamping it securely on to an inner
peripheral wall part (52) of a bottom part of the foun-
dation element (50).

33. System according to one of claims 16-32, in which
a bottom part of the foundation element (50) is pro-
vided, along its inner peripheral wall, with a stop edge
(56) for delimiting the drilling head (55) downwardly.

34. System according to one of claims 16-33, in which
a bottom part of the foundation element (50) is pro-
vided, along its inner peripheral wall, with positioning
lugs (51) for positioning the drilling head (55).

35. System according to one of claims 16-34, in which
the excavating member (71) can be displaced with
respect to the drive shaft substantially in a plane
which is perpendicular to the drive shaft, between
the drilling position and an at-rest position in which
the excavating member (71) has radial dimensions
which are smaller than internal dimensions of the
foundation element (50).

36. System according to one of claims 16-35, in which
there are one or more injection lines for supplying
foundation material after the foundation element has
been sunk.

37. System according to one of claims 16-36, in which
there are one or more injection lines for supplying
lubricant around the foundation element while it is
being introduced into the ground.

38. System according to claim 37, in which the injection
line opens out behind an overlap in the peripheral
wall of a bottom part of the foundation element.

39. System according to one of claims 16-38, in which
each foundation element (50) comprises segments,
in particular with a height of less than 2 metres, and
in which there are means for connecting the seg-
ments to one another.
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40. System according to claim 39, in which the drilling
head (55) has a total height which is less than the
height of a segment of the foundation element (50).

41. System according to one of claims 16-40, in which
the drilling head (55) has a total height which is less
than 2 metres.

Patentansprüche

1. Verfahren zum Bilden wenigstens eines Gründungs-
pfahls oder einer Tiefwand in dem Boden, umfas-
send den Schritt eines Versenkens eines hohlen
Gründungselements oder mehrerer hohler Grün-
dungselemente (1, 14, 30, 50) in den Boden mit einer
im Wesentlichen vertikalen Ausrichtung, wobei das
Versenken des hohlen Gründungselements (50) in
den Boden während eines Antreibens eines entfern-
baren Bohrkopfes (3, 9, 55) stattfindet, wobei sich
der Bohrkopf (55) während des Versenkens des
Gründungselements (50) in einer Bohrposition be-
findet, in der sich der Bohrkopf (55) wenigstens teil-
weise unter einem unteren Teil des Gründungsele-
ments (50) mittels wenigstens eines Aushubele-
ments (10, 71) erstreckt, das sich um eine Antriebs-
welle (70) dreht und radiale Abmessungen aufweist,
die insbesondere größer als die oder gleich den Au-
ßenabmessungen des Gründungselements (50)
sind, wobei das Aushubelement (71) gleichzeitig mit
dem Versenken des Gründungselements (50) Erde
unterhalb des unteren Teils des Gründungsele-
ments (50) ausbohrt, und wobei wenigstens der
Bohrkopf (55) wieder aus dem Boden entfernt wird,
nachdem das Gründungselement (50) versenkt wor-
den ist,
dadurch gekennzeichnet,
dass Erdreich, das von dem Aushubelement (71)
ausgebohrt wird, über Einführöffnungen (79) in eine
Spülkammer (80), die über dem Aushubelement (71)
angeordnet ist, gelangt, wo es mit einer Spülflüssig-
keit, die über wenigstens eine Zuführleitung (81) un-
ter Druck in die Spülkammer (80) eingeführt wird,
vermischt wird, bevor es dann zusammen mit der
Spülflüssigkeit über wenigstens eine Abfuhrleitung
(82) nach oben bis außerhalb des Gründungsele-
ments (50) abgeführt wird.

2. Verfahren nach Anspruch 1, wobei der Druck der
zugeführten Spülflüssigkeit auf einen Wert gesetzt
wird, der größer als der in dem umgebenden Boden
vorherrschende Grundwasserdruck ist, insbesonde-
re auf einen Überdruck von näherungsweise 0,1-0,3
bar.

3. Verfahren nach Anspruch 1 oder 2, wobei eine Ba-
sisplatte (78), die mit den Einführöffnungen (79) ver-
sehen ist und die Unterseite der Spülkammer (80)

begrenzt, in dem Fall, dass ein Problem erfasst wird,
in der Richtung des Aushubelements (71) im We-
sentlichen nach oben und unten bewegt wird.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei, falls das Gründungselement (50) wäh-
rend des Versenkens beginnt, von der beabsichtig-
ten Einführrichtung abzuweichen, die Position we-
nigstens der Antriebswelle (70) zusammen mit dem
Aushubelement (71) des Bohrkopfes (55) in Bezug
auf das Gründungselement (50) eingestellt wird.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei während des Versenkens des Grün-
dungselements (1) mithilfe einer Druckvorrichtung
(2), die mittels eines Rahmens an dem Boden ab-
gestützt und insbesondere an dem Boden verankert
ist, eine nach unten gerichtete Druckkraft auf das
Gründungselement (1) ausgeübt wird.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Bohrkopf (55) während des Versen-
kens des Gründungselements (50) derart in Bezug
auf das Gründungselement (50) positioniert wird,
dass der Bohrkopf (55) teilweise in dem Gründungs-
element (50) angeordnet ist, während der restliche
Teil unter dem unteren Teil des Gründungselements
(50) angeordnet ist.

7. Verfahren nach Anspruch 6, wobei der Bohrkopf (55)
während des Bohrens mithilfe steuerbarer Klemm-
mittel (60) an einem inneren Umfangswandteil (52)
des unteren Teils des Gründungselements (50) be-
festigt wird.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Aushubelement (10) in Bezug auf
die Antriebswelle im Wesentlichen in einer Ebene,
die senkrecht zu der Einführrichtung ist, verschoben
werden kann, und wobei, nachdem das Gründungs-
element (14) versenkt worden ist, das Aushubele-
ment (10) von der Bohrposition in eine Ruheposition
bewegt wird, in der das Aushubelement (10) radiale
Abmessungen aufweist, die kleiner als Innenabmes-
sungen des Gründungselements (14) sind, wobei
anschließend der Bohrkopf (9) durch das Innere des
Gründungselements (14) nach oben zurückgezogen
wird.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Gründungselement (1) mit einer
Flüssigkeit gefüllt wird, bevor der Bohrkopf (3) nach
oben zurückgezogen wird.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Gründungselement (14) wenigstens
teilweise mit einem Gründungsmaterial (26) verfüllt
wird, nachdem der Bohrkopf (9) zurückgezogen wor-
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den ist.

11. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei, nachdem das Gründungselement (30)
versenkt worden ist, der Bohrkopf und/oder das
Gründungselement (30) zurück nach oben gezogen
werden, mit einer gleichzeitigen Einspritzung eines
Gründungsmaterials (31), insbesondere eines härt-
baren Gründungsmaterials.

12. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei während des Versenkvorgangs eine oder
mehrere Einspritzleitungen zu dem Zweck, Grün-
dungsmaterial zuzuführen, nachdem das Grün-
dungselement versenkt wurde, mitgenommen wer-
den.

13. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei während des Versenkvorgangs eine oder
mehrere Einspritzleitungen zu dem Zweck, um das
Grundelement herum Schmierstoff zuzuführen,
während dieses in den Boden eingeführt wird, mit-
genommen werden.

14. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei jedes Gründungselement (1) aus Seg-
menten, insbesondere mit einer Höhe von weniger
als 2 Metern, besteht, die miteinander verbunden
werden können, insbesondere durch Schweißen.

15. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Gründungselement in dem Abschnitt
über dem Bohrkopf, während es versenkt wird, mit
einer Flüssigkeit, insbesondere mit Wasser, gefüllt
ist.

16. System, insbesondere zur Verwendung des Verfah-
rens nach einem der Ansprüche 1-15, umfassend:

- wenigstens ein hohles Gründungselement
(50);
- eine Vorrichtung (2), die ausgestaltet ist, um
eine im Wesentlichen vertikal gerichtete Kraft
auf das Gründungselement (50) auszuüben;
und
- einen Bohrkopf (55), der in das Gründungsele-
ment gesenkt werden kann und wenigstens ein
Aushubelement aufweist, das um eine Antriebs-
welle rotieren kann und in einer Bohrposition,
während das Gründungselement (50) in den Bo-
den versenkt wird, radiale Abmessungen auf-
weist, die insbesondere größer als die oder
gleich den Außenabmessungen des Grün-
dungselements (50) sind,

dadurch gekennzeichnet,
dass der Bohrkopf (55) eine Spülkammer (80) um-
fasst, die über dem Aushubelement (71) angeordnet

ist und an der Unterseite Einführöffnungen (79), die
insbesondere in einer Basisplatte (78) vorgesehen
sind, umfasst, wobei mit der Spülkammer (80) we-
nigstens eine Zuführleitung (81) verbunden ist zum
Einführen einer Spülflüssigkeit in die Spülkammer
(80) unter Druck, und wobei wenigstens eine Abfuhr-
leitung (82) zum Abführen der mit ausgebohrtem
Erdreich vermischten Spülflüssigkeit aus der Spül-
kammer (80) mit der Spülkammer verbunden ist.

17. System nach Anspruch 16, wobei sich die Einführ-
öffnungen (79) in der Richtung nach oben weiten.

18. System nach Anspruch 16 oder 17, wobei Verschie-
beelemente (84) in dem Bohrkopf (55) vorgesehen
sind, um die Basisplatte (78) in der Richtung des
Aushubelements (71) im Wesentlichen nach oben
und unten zu bewegen.

19. System nach Anspruch 18, wobei die Verschiebe-
elemente (84) hydraulisch betätigbare Verschiebe-
zylinder umfassen.

20. System nach Anspruch 18 oder 19, wobei die Ver-
schiebeelemente (84) zwischen der Basisplatte (78)
und einem Gehäuseteil (62) des Bohrkopfes (55) wir-
ken, der während des Bohrens in einer Position in
Bezug auf das Gründungselement (50) fixiert wer-
den kann.

21. System nach einem der Ansprüche 16-20, wobei
Steuerelemente (74) in dem Bohrkopf (55) vorgese-
hen sind, um die Position der Antriebswelle (70) mit
dem Aushubelement (71) in Bezug auf einen unteren
Teil des Gründungselements (50) einzustellen.

22. System nach Anspruch 21, wobei die Steuerelemen-
te (74) hydraulisch betätigbare Steuerzylinder um-
fassen.

23. System nach Anspruch 21 oder 22, wobei die Steu-
erelemente (74) zwischen einem Montageflansch
(64), in dem die Antriebswelle (70) montiert ist, und
einem Gehäuseteil (62) des Bohrkopfes (55) aktiv
sind, der während des Bohrens in einer Position in
Bezug auf den unteren Teil des Gründungselements
(50) fixiert werden kann.

24. System nach einem der Ansprüche 21-23, wobei die
Steuerelemente (74) so wirken, dass sie die Position
der Antriebswelle (70) zusammen mit dem Aushu-
belement (71) in Bezug auf den unteren Teil des
Gründungselements (50) in einer Richtung einstel-
len, die im Wesentlichen senkrecht zu der Antriebs-
welle (70) ist.

25. System nach einem der Ansprüche 21-23, wobei die
Steuerelemente (74) so wirken, dass sie die Winkel-
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position der Antriebswelle zusammen mit dem Aus-
hubelement (71) in Bezug auf den unteren Teil des
Gründungselements (50) verkippen.

26. System nach einem der Ansprüche 16-25, wobei der
untere Teil des Gründungselements (50) mit einem
sich nach unten verjüngenden Randwandteil (53)
versehen ist.

27. System nach einem der Ansprüche 16-26, wobei
Messmittel zum Bestimmen der Einführrichtung des
Gründungselements vorgesehen sind, wobei die
Messmittel mit dem Bohrkopf zusammenwirken und/
oder an dem Bohrkopf vorgesehen sind.

28. System nach einem der Ansprüche 16-27, wobei der
Bohrkopf (55) eine Antriebseinheit (65) zum Antrei-
ben der Antriebswelle (70), insbesondere einen hy-
draulischen Motor, umfasst.

29. System nach Anspruch 28, wobei Planetengetriebe-
mechanismen als Getriebe zwischen der Antriebs-
einheit (65) und der Antriebswelle (70) vorgesehen
sind.

30. System nach einem der Ansprüche 16-29, wobei die
Vorrichtung eine Druckvorrichtung (20) ist, die einen
Rahmen umfasst, der an dem Boden abgestützt wer-
den kann, der insbesondere an dem Boden veran-
kert werden kann, und die mit Kopplungsmitteln ver-
sehen ist, die sich durch hydraulische Mittel in Bezug
auf den Rahmen nach oben und unten bewegen kön-
nen, um eine nach unten gerichtete Druckkraft auf
das Gründungselement (50) auszuüben.

31. System nach Anspruch 30, wobei die Kopplungsmit-
tel weiterhin in Bezug auf den Rahmen in einer Rich-
tung, die im Wesentlichen senkrecht zu der Druck-
richtung nach unten ist, steuerbar eingestellt werden
können.

32. System nach einem der Ansprüche 16-31, wobei der
Bohrkopf (55) steuerbare Klemmmittel (60) umfasst,
um ihn sicher an einem inneren Umfangswandteil
(52) eines unteren Teils des Gründungselements
(50) festzuklemmen.

33. System nach einem der Ansprüche 16-32, wobei ein
unterer Teil des Gründungselements (50) entlang
seiner inneren unfangswand mit einer Anschlagkan-
te (56) versehen ist, um den Bohrkopf (55) nach un-
ten zu begrenzen.

34. System nach einem der Ansprüche 16-33, wobei ein
unterer Teil des Gründungselements (50) entlang
seiner inneren Umfangswand mit Positionieransät-
zen (51) zum Positionieren des Bohrkopfes (55) ver-
sehen ist.

35. System nach einem der Ansprüche 16-34, wobei das
Aushubelement (71) in Bezug auf die Antriebswelle
im Wesentlichen in einer Ebene, die senkrecht zu
der Antriebswelle ist, zwischen der Bohrposition und
einer Ruheposition, in der das Aushubelement (71)
radiale Abmessungen aufweist, die kleiner als In-
nenabmessungen des Gründungselements (50)
sind, verschoben werden kann.

36. System nach einem der Ansprüche 16-35, wobei ei-
ne oder mehrere Einspritzleitungen zum Zuführen
von Gründungsmaterial, nachdem das Gründungs-
element versenkt worden ist, vorgesehen sind.

37. System nach einem der Ansprüche 16-36, wobei ei-
ne oder mehrere Einspritzleitungen zum Zuführen
von Schmierstoff um das Gründungselement, wäh-
rend es in den Boden eingeführt wird, vorgesehen
sind.

38. System nach Anspruch 37, wobei sich die Einspritz-
leitung hinter einer Überdeckung in der Randwand
eines unteren Teils des Gründungselements nach
außen öffnet.

39. System nach einem der Ansprüche 16-38, wobei je-
des Gründungselement (50) Segmente, insbeson-
dere mit einer Höhe von weniger als 2 Metern, um-
fasst, und wobei Mittel zum Verbinden der Segmente
miteinander vorgesehen sind.

40. System nach Anspruch 39, wobei der Bohrkopf (55)
eine Gesamthöhe aufweist, die kleiner als die Höhe
eines Segments des Gründungselements (50) ist.

41. System nach einem der Ansprüche 16-40, wobei der
Bohrkopf (55) eine Gesamthöhe aufweist, die kleiner
als 2 Meter ist.

Revendications

1. Procédé pour former au moins une pile de fondation
ou mur profond dans le sol, comprenant l’étape con-
sistant à enfoncer un ou plusieurs éléments de fon-
dation creux (1, 14, 30, 50) dans le sol avec une
orientation sensiblement verticale, dans lequel l’en-
foncement de l’élément de fondation creux (50) dans
le sol a lieu pendant l’entraînement d’une tête de
forage amovible (3, 9, 55), laquelle tête de forage
(55) pendant l’enfoncement de l’élément de fonda-
tion (50), est dans une position de forage dans la-
quelle la tête de forage (55) s’étend au moins par-
tiellement au-dessous d’une partie inférieure de
l’élément de fondation (50) au moyen d’au moins un
élément d’excavation (10, 71) qui tourne autour d’un
arbre d’entraînement (70) et a des dimensions ra-
diales qui sont en particulier supérieures ou égales
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aux dimensions externes de l’élément de fondation
(50), dans lequel l’élément d’excavation (71), au mo-
ment où l’élément de fondation (50) est enfoncé, fore
la terre au-dessous de ladite partie inférieure de l’élé-
ment de fondation (50), et dans lequel au moins la
tête de forage (55), après que l’élément de fondation
(50) a été enfoncé, est à nouveau retirée du sol,
caractérisé en ce que :

la terre qui est forée par l’élément d’excavation
(71) passe, via des ouvertures d’introduction
(79), dans une chambre de rinçage (80), qui est
située au-dessus de l’élément d’excavation
(71), où elle est mélangée avec un liquide de
rinçage, qui est introduit dans la chambre de rin-
çage (80) sous pression, via au moins une con-
duite d’alimentation (81), avant d’être déchar-
gée vers le haut à l’extérieur de l’élément de
fondation (50), conjointement au liquide de rin-
çage, via au moins une conduite de décharge
(82).

2. Procédé selon la revendication 1, dans lequel la
pression du liquide de rinçage alimenté est détermi-
née selon une valeur qui est supérieure à la pression
sous-marine prédominant dans le sol environnant,
en particulier une pression excessive d’approxima-
tivement 0,1-0,3 bar.

3. Procédé selon la revendication 1 ou 2, dans lequel
une plaque de base (78) qui est prévue avec des
ouvertures d’introduction (79) et délimite la face in-
férieure de la chambre de rinçage (80), est déplacée
sensiblement vers le haut et vers le bas dans la di-
rection de l’élément d’excavation (71) dans le cas
dans lequel un problème est détecté.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, si l’élément de fondation
(50), alors qu’il est enfoncé, commence à dévier de
la direction d’introduction prévue, la position au
moins de l’arbre d’entraînement (70) conjointement
à l’élément d’excavation (71) de la tête de forage
(55), est ajustée par rapport à l’élément de fondation
(50).

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, pendant l’enfoncement de
l’élément de fondation (1), une force de compression
dirigée vers le bas est exercée sur l’élément de fon-
dation (1), à l’aide d’une installation de pression (2)
qui est supportée sur le sol au moyen d’un châssis
et est en particulier ancrée au sol.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la tête de forage (55), alors
que l’élément de fondation (50) est enfoncé, est po-
sitionnée par rapport à l’élément de fondation (50)

de sorte que la tête de forage (55) est positionnée
partiellement à l’intérieur de l’élément de fondation
(50), alors que la partie résiduelle est positionnée
au-dessous de la partie inférieure de l’élément de
fondation (50).

7. Procédé selon la revendication 6, dans lequel la tête
de forage (55), pendant le forage, est fixée à une
partie de paroi périphérique interne (52) de la partie
inférieure de l’élément de fondation (50) à l’aide d’un
élément de serrage contrôlable (60).

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’élément d’excavation
(10) peut être déplacé par rapport à l’arbre d’entraî-
nement, sensiblement dans un plan qui est perpen-
diculaire à la direction d’introduction, et après que
l’élément de fondation (10) a été enfoncé, l’élément
d’excavation (10) est déplacé de la position de fora-
ge dans une position au repos, dans laquelle l’élé-
ment d’excavation (10) a des dimensions radiales
qui sont plus petites que les dimensions internes de
l’élément de fondation (14), après quoi la tête de
forage (9) est rétractée vers le haut à travers l’inté-
rieur de l’élément de fondation (14).

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, avant que la tête de forage
(3) ne soit rétractée vers le haut, l’élément de fon-
dation (1) est rempli avec du liquide.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, après que la tête de fora-
ge (9) a été rétractée, l’élément de fondation (14) est
au moins partiellement rempli avec un matériau de
fondation (26).

11. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, après que l’élément de
fondation (30) a été enfoncé, la tête de forage et/ou
l’élément de fondation (30) sont remontés, avec l’in-
jection simultanée d’un matériau de fondation (31),
en particulier un matériau de fondation durcissable.

12. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, pendant l’opération de
l’enfoncement, une ou plusieurs conduites d’injec-
tion sont entraînées afin d’alimenter le matériau de
fondation après que l’élément de fondation a été en-
foncé.

13. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, pendant l’opération de
l’enfoncement, une ou plusieurs conduites d’injec-
tion sont entraînées afin d’alimenter du lubrifiant
autour de l’élément de fondation alors qu’il est intro-
duit dans le sol.
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14. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, chaque élément de fon-
dation (1) est composé de segments, en particulier
avec une hauteur inférieure à 2 mètres, qui peuvent
être assemblés les uns aux autres, en particulier par
soudage.

15. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, l’élément de fondation,
dans la section au-dessus de la tête de forage, alors
qu’il est enfoncé, est rempli avec du liquide, en par-
ticulier de l’eau.

16. Système destiné à être utilisé en particulier avec le
procédé selon l’une quelconque des revendications
1 à 15, comprenant :

au moins un élément de fondation creux (50) ;
une installation (2) conçue pour exercer une for-
ce orientée sensiblement verticalement sur
l’élément de fondation (50) ; et
une tête de forage (55) qui peut être descendue
dans l’élément de fondation et a au moins un
élément d’excavation qui peut tourner autour
d’un arbre d’entraînement et, dans une position
de forage, alors que l’élément de fondation (50)
est enfoncé dans le sol, a des dimensions ra-
diales qui sont en particulier supérieures ou éga-
les aux dimensions externes de l’élément de
fondation (50), caractérisé en ce que :

la tête de forage (55) comprend une cham-
bre de rinçage (80), qui est positionnée au-
dessus de l’élément d’excavation (71) et sur
la surface inférieure, comprend des ouver-
tures d’introduction (79) prévues en parti-
culier dans une plaque de base (78), à la-
quelle chambre de rinçage (80), au moins
une conduite d’alimentation (81) pour intro-
duire un liquide de rinçage dans la chambre
de rinçage (80) sous pression est raccor-
dée, et à laquelle chambre de rinçage, au
moins une conduite de décharge (82) pour
décharger le liquide de rinçage mélangé à
la terre qui a été forée hors de la chambre
de rinçage (80).

17. Système selon la revendication 16, dans lequel les
ouvertures d’introduction (79) s’élargissent dans la
direction ascendante.

18. Système selon la revendication 16 ou 17, dans le-
quel des éléments de déplacement (84) sont prévus
dans la tête de forage (55) pour déplacer la plaque
de base (78) sensiblement vers le haut et vers le bas
dans la direction de l’élément d’excavation (71).

19. Système selon la revendication 18, dans lequel les

éléments de déplacement (84) comprennent des cy-
lindres de déplacement hydrauliques.

20. Système selon la revendication 18 ou 19, dans le-
quel les éléments de déplacement (84) agissent en-
tre la plaque de base (78) et une partie de logement
(62) de la tête de forage (55) qui, pendant le forage,
peuvent être fixées en position par rapport à l’élé-
ment de fondation (50).

21. Système selon l’une quelconque des revendications
16 à 20, dans lequel des éléments de commande
(74) sont prévus dans la tête de forage (55) pour
ajuster la position de l’arbre d’entraînement (70)
avec l’élément d’excavation (71) par rapport à une
partie inférieure de l’élément de fondation (50).

22. Système selon la revendication 21, dans lequel les
éléments de commande (74) comprennent des cy-
lindres de commande hydrauliques.

23. Système selon la revendication 21 ou 22, dans le-
quel les éléments de commande (74) sont actifs en-
tre un rebord de montage (64) dans lequel l’arbre
d’entraînement (70) est monté et une partie de lo-
gement (62) de la tête de forage (55) qui, pendant
le forage, peut être fixée en position par rapport à la
partie inférieure de l’élément de fondation (55).

24. Système selon l’une quelconque des revendications
21 à 23, dans lequel les éléments de commande (74)
agissent pour ajuster la position de l’arbre d’entraî-
nement (70) conjointement à l’élément d’excavation
(71) par rapport à la partie inférieure de l’élément de
fondation (55) dans une direction qui est sensible-
ment perpendiculaire à l’arbre d’entraînement (70).

25. Système selon l’une quelconque des revendications
21 à 23, dans lequel les éléments de commande (74)
agissent pour incliner la position angulaire de l’arbre
d’entraînement conjointement à l’élément d’excava-
tion (71) par rapport à la partie inférieure de l’élément
de fondation (50).

26. Système selon l’une quelconque des revendications
16 à 25, dans lequel la partie inférieure de l’élément
de fondation (55) est prévue avec une partie de paroi
périphérique (53) se rétrécissant progressivement
vers le bas.

27. Système selon l’une quelconque des revendications
16 à 26, dans lequel on trouve des moyens de me-
sure pour déterminer la direction d’introduction de
l’élément de fondation, lesquels moyens de mesure
interagissent avec et/ou sont prévus sur la tête de
forage.

28. Système selon l’une quelconque des revendications
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16 à 27, dans lequel la tête de forage (55) comprend
une unité d’entraînement (65) pour entraîner l’arbre
d’entraînement (70), en particulier un moteur hy-
draulique.

29. Système selon la revendication 28, dans lequel des
mécanismes d’engrenage planétaires sont prévus
en tant que transmission entre l’unité d’entraînement
(65) et l’arbre d’entraînement (70).

30. Système selon l’une quelconque des revendications
16 à 29, dans lequel l’installation est une installation
de presse (20) qui comprend un châssis qui peut
être supporté sur le sol, en particulier peut être ancré
au sol, et qui est prévu avec des moyens de mise
en prise, qui peuvent monter et descendre grâce aux
moyens hydrauliques par rapport au châssis, pour
exercer une force de compression dirigée vers le
bas sur l’élément de fondation (50).

31. Système selon la revendication 30, dans lequel les
moyens de mise en prise peuvent également être
ajustés de manière contrôlable par rapport au châs-
sis dans une direction qui est sensiblement perpen-
diculaire à la direction de pression descendante.

32. Système selon l’une quelconque des revendications
16 à 31, dans lequel la tête de forage (55) comprend
des moyens de serrage contrôlables (60) pour la ser-
rer en toute sécurité sur une partie de paroi périphé-
rique interne (52) d’une partie inférieure de l’élément
de fondation (50).

33. Système selon l’une quelconque des revendications
16 à 32, dans lequel on prévoit une partie inférieure
de l’élément de fondation (50) le long de sa paroi
périphérique interne, avec un bord de butée (56)
pour délimiter la tête de forage (55) vers le bas.

34. Système selon l’une quelconque des revendications
16 à 33, dans lequel une partie inférieure de l’élé-
ment de fondation (50) est prévue, le long de sa paroi
périphérique interne, avec des pattes de positionne-
ment (51) pour positionner la tête de forage (55).

35. Système selon l’une quelconque des revendications
16 à 34, dans lequel l’élément d’excavation (71) peut
être déplacé par rapport à l’arbre d’entraînement
sensiblement dans un plan qui est perpendiculaire
à l’arbre d’entraînement, entre la position de forage
et une position au repos dans laquelle l’élément d’ex-
cavation (71) a des dimensions radiales qui sont plus
petites que les dimensions internes de l’élément de
fondation (50).

36. Système selon l’une quelconque des revendications
16 à 35, dans lequel on trouve une ou plusieurs con-
duits d’injection pour alimenter le matériau de fon-

dation après que l’élément de fondation a été enfon-
cé.

37. Système selon l’une quelconque des revendications
16 à 36, dans lequel on trouve une ou plusieurs con-
duites d’injection pour alimenter le lubrifiant autour
de l’élément de fondation alors qu’il est introduit dans
le sol.

38. Système selon la revendication 37, dans lequel la
conduite d’injection s’ouvre derrière un chevauche-
ment dans la paroi périphérique d’une partie infé-
rieure de l’élément de fondation.

39. Système selon l’une quelconque des revendications
16 à 38, dans lequel chaque élément de fondation
(50) comprend des segments, en particulier avec
une hauteur inférieure à 2 mètres, et dans lequel on
trouve des moyens pour raccorder les segments en-
tre eux.

40. Système selon la revendication 39, dans lequel la
tête de forage (55) a une hauteur totale qui est infé-
rieure à la hauteur d’un segment de l’élément de
fondation (50).

41. Système selon l’une quelconque des revendications
16 à 40, dans lequel la tête de forage (55) a une
hauteur totale qui est inférieure à 2 mètres.
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