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(57)  Drilling device for in situ mixing of soil with a
binder to form a pile in the ground, comprising

- adrivable shaft with a bottom end (2),
- means mounted (3,9) at the bottom end of the shaft
for loosening the soil;

- injection means for injecting the binder into the loos-
ened soil;

wherein a bore-crown (4) is further mounted on the shaft,
which bore-crown is provided on at least a part of its
periphery with cutting means (6) for overcutting a pile
adjacent to the pile for forming.
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Description

[0001] The presentinvention relates to adrilling device
for in situ mixing of soil with a binder to form in each case
a pile in the ground, comprising a drivable shaft with a
bottom end, means mounted at the bottom end of the
shaft for loosening the soil and injection means for inject-
ing the binder into the loosened soil.

[0002] Such drilling devices are generally known and
are typically used in ground improvement and the con-
struction of earth-retaining walls, such as a sheet piling
for a pit excavation. An example of such a drilling device
is described in, among others, US 5,368,415. The known
devices generally have the drawback that they display
problems when adjacent, possibly already partly hard-
ened piles must be partly overcutin order to form a closed
wall. In addition, many helical mixing blades are usually
required to achieve a good mixing of the soil with the
binder, particularly when working in clay soils.

[0003] The invention has for its object to provide a drill-
ing device of the type stated in the preamble, with a simple
structure, with which piles can be formed by in situ mixing,
and adjacent piles can be overcut without problem.
[0004] For this purpose the drilling device according
to the invention is distinguished in that a bore-crown is
mounted on the shaft, which is provided on at least a part
of its periphery with cutting means for overcutting a pile
adjacentto the pile for forming. By providing a bore-crown
adjacent piles can be overcut, while a pile is simultane-
ously formed by in situ mixing.

[0005] According to a preferred embodiment, the cut-
ting means comprise a number of cutting teeth distributed
regularly along the periphery of the bore-crown such that
sufficiently neat outer contours are obtained for the pile.
[0006] The bore-crown is preferably mounted on the
shaft by means of a bracket. This bracket provides for a
strengthening of the drilling device and ensures a further
mixing of the material situated above the bore-crown as
seen in axial direction.

[0007] The means for loosening the soil preferably
comprise an array of first teeth which are arranged at a
distance from the shaft and which are located substan-
tially under the bore-crown. These teeth have substan-
tially the function of a rake with which the soil is loosened.
These teeth must be oriented such that optimum loos-
ening of the soil is obtained, and will for instance be ori-
ented substantially perpendicularly of the at least one
arm.

[0008] According to a possible embodiment, the first
teeth are arranged on at least one arm which extends
substantially between the shaft and the bore-crown and
which is preferably oriented obliquely downward from the
bore-crown. In this manner the teeth can readily be
placed at different distances from the shaft.

[0009] The means for loosening the soil can also com-
prise a number of second teeth, which are arranged
around the shaft close to the bottom end thereof. These
second teeth serve for the first central cutting into the soil
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for loosening.

[0010] According to a further developed embodiment,
there are provided spray nozzles for enhancing loosening
and mixing of the soil. In order to also achieve a good
mixing of the material above the bore-crown, and to avoid
the drilling device getting stuck when used in clay soils,
it is recommended to provide first spray nozzles which
are oriented substantially upward from the plane of the
bore-crown. These spray nozzles can for instance be ar-
ranged along the periphery of the bore-crown.

[0011] Second spray nozzles can further be provided
in the vicinity of the means for loosening the soil. A first
number thereof can thus be arranged for instance close
to the first teeth and a second number thereof close to
the second teeth. These second spray nozzles likewise
contribute toward a good mixing of the soil with the binder.
[0012] According to yet another variant, mixing means
for mixing the loosened soil can be provided above the
bore-crown as seen in axial direction. These mixing
means can for instance comprise mixing arms or helical
mixing blades.

[0013] Drive means are preferably provided for driving
the shaft at a speed of 50 to 180 revolutions per minute.
This is a speed which is higher than the usual speed for
normal drilling installations and which ensures that a
good mixing is achieved.

[0014] The invention further relates to a multi-shaft
drilling installation comprising at least two drilling devices
according to the invention, wherein the two drilling de-
vices are mounted such that partially overlapping piles
can be formed.

[0015] According to a preferred embodiment, the
shafts of the at least two drilling devices are accommo-
dated in a fixed support structure. This support structure
provides for additional stabilization of the drilling devices,
particularly when drilling takes place in difficult soils.
[0016] According to a possible embodiment, the bore-
crown of a first drilling device, as seen in the plane of the
shafts, is mounted higher than the bore-crown of a sec-
ond adjacent drilling device, wherein the bore-crowns
partly overlap each other as seen in a perpendicular pro-
jection onto a plane lying perpendicularly of the shafts.
[0017] Inafirstdrilling device with a bracket this brack-
et preferably has axial dimensions which are considera-
bly greater than those of the bracket of an adjacent sec-
ond drilling device. In this manner overlapping piles can
be formed without the brackets of two adjacent drilling
devices impeding each other.

[0018] According to a further developed embodiment
of this variant, the second drilling device with the bracket
with smaller axial dimensions is provided above the
bracket with mixing arms mounted on its shaft. These
mixing arms compensate the loss of mixing capacity re-
sulting from the smaller bracket.

[0019] The first drilling device is further preferably ax-
ially displaceable relative to the second drilling device,
wherein this axial displacement can be controlled as a
function of the diameter of the piles for forming.
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[0020] Finally, itis advantageous in some cases when
the bottom end of the shaft of the first drilling device with
larger bracket is located lower than the bottom end of the
adjacent second drilling device, although this will of
course depend on the dimensions of the two drilling de-
vices. With this measure a better guiding of the drilling
installation is after all achieved since the first drilling de-
vice engages in the as yet unloosened soil.

[0021] The invention will now be further elucidated on
the basis of the following figure description of a number
of exemplary embodiments, which have in no way a lim-
iting character, and which are illustrated in the accom-
panying figures, in which:

figure 1 is a perspective view of a first embodiment
of a drilling device according to the invention;
figure 2 is a perspective view of a second embodi-
ment of a drilling device according to the invention;
figure 3 is a schematic front view of a third embodi-
ment of a drilling device according to the invention;
figure 4 is a schematic bottom view of the third em-
bodiment of figure 3;

figure 5 is a perspective view of a first embodiment
of a two-shaft drilling installation according to the in-
vention; figure 6 is a schematic front view of a second
embodiment of a two-shaft drilling installation ac-
cording to the invention; figure 7 is a schematic front
view of an embodiment of a three-shaft drilling in-
stallation according to the invention.

[0022] Figure 1 shows adrilling device for in situ mixing
of soil with a binder for the purpose of forming a pile in
the ground. In the figure can be seen a rotatingly drivable
shaft 1 with abottom end 2. Mounted on the side of bottom
end 2 of shaft 1 are means for loosening the soil, which
here consist of:

- an array of first teeth 3 which are arranged at a dis-
tance from the shaft and which are arranged on two
arms 5;

- a number of mixing blades 9 which are arranged
around shaft 1, close to the bottom end thereof.

[0023] Further mounted on the shaft is a bore-crown
4 which is provided on its periphery with cutting teeth 6
for overcutting a pile adjacent to the pile for forming. The
cutting teeth can for instance take the form of a number
of cutting blocks oriented substantially axially downward,
but can also be for instance obliquely oriented teeth. This
overcutting will be better understood with reference to
figures 8a and 8b, which show how a series of mutually
adjacent piles can be obtained using a drilling device
according to the invention. The bore-crown is mounted
on shaft 1 by means of a bracket 7. This bracket brings
about strengthening of the whole and during drilling also
contributes toward a further mixing of the binder with the
soil above bore-crown 4.

[0024] In the embodiments shown in figures 1, 2 and
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3 the bracket has a longer form in axial direction than is
usual in order to enhance this mixing. This bracket can
however also be given a shorter form, in which case it is
recommended to provide additional mixing means. As
shown in the schematic view of a two-shaft drilling instal-
lation of figure 6, in the case of second drilling device B
mixing arms 10a-c are provided as seen in axial direction
above bracket 7’, which arms partly fulfill the function of
the larger bracket 7 of first drilling device A.

[0025] The binder is injected through hollow shaft 1
into the loosened soil (at 16 in figure 3) at the bottom of
this hollow shaft. This is a known principle for drilling de-
vices for in situ mixing, and will therefore not be described
here in detail.

[0026] In order to further enhance loosening of the soil
and/or mixing of the soil with the binder, binder can be
injected at different positions in the vicinity of the drilling
device. In the variants shown in figures 1-4 this takes
place using a number of spray nozzles:

- firstspray nozzles 12 (shown in broken lines in figure
3), each with an outlet and oriented substantially up-
ward relative to the bore-crown. In the shown em-
bodiments these are arranged on the inside of bore-
crown 4, but these spray nozzles can also be ar-
ranged in other manner, wherein all that is important
is that they spray in the direction of the matter located
above bore-crown 4;

- second spray nozzles 13, 14 in the vicinity of means
5, 8, 9 for loosening the soil, of which a number of
second spray nozzles 13 are arranged between
and/or behind the first teeth, and another number of
second spray nozzles 14 are provided close to mix-
ing blades 9 (figure 1) or close to the second teeth
8 (figures 2-4).

[0027] Figures 5 and 6illustrate embodiments of a two-
shaft drilling device according to the invention. This com-
prises a first drilling device A, which has already been
explained with reference to figures 2-4, and a second
drilling device B. The second drilling device B differs from
the first drilling device A in that its bracket 7’, as seen in
axial direction, is shorter than bracket 7 of the first drilling
device. In this manner brackets 7 and 7’ do not touch
each other during the rotation of shafts 1, 1’. These two
drilling devices are mounted such that two partially over-
lapping piles can be formed.

[0028] The method for forming two such piles is illus-
trated in figures 8a and 8b, which show how a series of
adjacent piles can be arranged to form for instance a
sheet piling for a pit excavation. The figure shows the
step in which two piles 20a and 20b are formed simulta-
neously by the two-shaft drilling installation. A pile 20c,
which has been formed together with pile 20d during a
previous step, is herein partly overcut in grey coloured
area 21 of pile 20c. This overcutting takes place without
problem owing to the presence of bore-crown 4’ of the
second drilling device B.
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[0029] The drivable shafts 1, 1’ of drilling devices A, B
of figures 5 and 6 are accommodated in a fixed support
structure 15 which imparts extra stability to the whole.
As seen in axial direction, bore-crown 4 of the first drilling
device A is in a higher position than bore-crown 4’ of the
second adjacent drilling device B and, as seen in a per-
pendicular projection onto a plane perpendicularly of the
shafts, bore-crowns 4, 4’ overlap each other partly to form
two partially overlapping piles 20a, 20b. Additional mixing
blades 10a-c are further provided in the second drilling
device B, above bracket 7’, so as to further enhance the
mixing.

[0030] Figure 7 finally shows a three-shaft drilling in-
stallation comprising three drilling devices A, B, C. The
skilled person will understand that, depending on the de-
sired applications and the available drive means, one-,
two-, three- or multi-shaft installations can be provided,
and that the invention is not limited to the above exem-
plary embodiments.

Claims

1. Drilling device for in situ mixing of soil with a binder
to form a pile in the ground, comprising

- a drivable shaft with a bottom end,

- means mounted at the bottom end of the shaft
for loosening the soail;

- injection means for injecting the binder into the
loosened soil;

characterized in thata bore-crownis further mount-
ed on the shaft, which bore-crown is provided on at
least a part of its periphery with cutting means.

2. Dirilling device as claimed in claim 1, characterized
in that the cutting means comprise cutting teeth dis-
tributed regularly along the periphery of the bore-
crown.

3. Dirilling device as claimed in claim 1 or 2, charac-
terized in that the bore-crown is mounted on the
shaft by means of a bracket.

4. Dirilling device as claimed in any of the claims 1-3,
characterized in that the means for loosening the
soil comprise an array of first teeth arranged at a
distance from the shaft.

5. Drilling device as claimed in claim 4, characterized
in that the first teeth are arranged on at least one
arm which extends substantially between the shaft
and the bore-crown.

6. Dirilling device as claimed in claim 5, characterized
in that the first teeth are oriented substantially per-
pendicularly of the at least one arm.

10

15

20

25

30

35

40

45

50

55

7.

10.

1.

12,

13.

14.

15.

16.

17.

18.

19.

Drilling device as claimed in claim 6, characterized
in that the means for loosening the soil comprise a
number of second teeth, which are arranged around
the shaft close to the bottom end thereof.

Drilling device as claimed in any of the foregoing
claims, characterized in that spray nozzles are pro-
vided for the purpose of enhancing loosening and
mixing of the sail.

Drilling device as claimed in claim 8, characterized
in that first spray nozzles are provided which are
oriented substantially upward from the plane of the
bore-crown.

Drilling device as claimed in claim 9, characterized
in that the first spray nozzles are arranged along the
periphery of the bore-crown.

Drilling device as claimed in any of the claims 8-10,
characterized in that second spray nozzles are pro-
vided in the vicinity of the means for loosening the
soil.

Drilling device as claimed in claim 11 and any of the
claims 4-6, characterized in that a number of sec-
ond spray nozzles are provided on the at least one
arm on which the first teeth are arranged.

Drilling device as claimed in claims 7 and 11 or 12,
characterized in that a number of second spray
nozzles are provided close to the second teeth.

Drilling device as claimed in any of the foregoing
claims, characterized in that mixing means for mix-
ing the loosened soil are provided above the bore-
crown.

Drilling device as claimedin claim 14, characterized
in that the mixing means comprise mixing arms
mounted on the shaft.

Drilling device as claimed in any of the foregoing
claims, characterized in that drive means are pro-
vided for driving the shaft at a speed of 50 to 180
revolutions per minute.

Multi-shaft drilling installation, comprising at least
two drilling devices as claimed in any of the foregoing
claims, wherein the two drilling devices are mounted
such that partially overlapping piles can be formed.

Multi-shaft drilling installation as claimed in claim 17,
characterized in that the shafts of the at least two
drilling devices are accommodated in a fixed support
structure.

Multi-shaft drilling installation as claimed in claim 17
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21,

22,

23.
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or 18, characterized in that the bore-crown of a first
drilling device, as seen in the plane of the shafts, is
mounted higher than the bore-crown of a second ad-
jacent drilling device of the at least two drilling de-
vices, wherein the bore-crowns partly overlap each
other as seen in a perpendicular projection onto a
plane lying perpendicularly of the shafts.

Multi-shaft drilling installation as claimed in any of
the claims 17-19, characterized in that the bracket
of a first drilling device of the at least two drilling
devices has axial dimensions which are considera-
bly greater than those of an adjacent second drilling
device.

Multi-shaft drilling installation as claimed in claim 20,
characterized in that the second drilling device with
the bracket of smaller axial dimensions is provided
above the bracket with mixing blades mounted on
its shaft.

Multi-shaft drilling installation as claimed in any of
the claims 17-21, characterized in that the bottom
end of the shaft of a first drilling device of the at least
two drilling devices is located further downward rel-
ative to the bottom end of an adjacent second drilling
device.

Multi-shaft drilling installation as claimed in any of
the claims 17-22, characterized in that afirst drilling
device of the at least two drilling devices is axially
displaceable relative to an adjacent second drilling
device.

10

15

20

25

30

35

40

45

50

55






EP 1 666 670 A1

 —
\ JL 1
1 4 3
7
I —
/) A
13
Ty N =l 6
BN / 2 :
C\ ~Q
5 Ca AU

8
FIG. 2 ?

14



13

EP 1 666 670 A1

+—~__—1
!
I
L \J
|\|I 12 \|/| - A
L1 LI
P / 3
/—\/
—~—— )




EP 1 666 670 A1

A B

M nd




EP 1 666 670 A1

A\\l\l |/|//

15\/\5
/ 103
7 Wad
——
B/"\/10c

10b

; -

LI W

—
12 7
T ) |
%TT%}WI// \\§/ L
g

R /V\/
12 [5

13 //{L_J 1%15’6.

I n

16 16

FIG. 6

10



EP 1 666 670 A1

15

O
] —1
17 VY \ Yy
\j :{Iv . Il ;lll|

FIG. 1T

11




\

N\

=l

/ﬁx W :

FIG. 8B




ol

EPO FORM 1503 03.82 (P04C01)

9

EP 1 666 670 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 05 07 7778

DOCUMENTS CONSIDERED TO BE RELEVANT
Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X PATENT ABSTRACTS OF JAPAN 1-7,14, | INV.
vol. 008, no. 201 (M-325), 15 E02D3/12
14 September 1984 (1984-09-14) EG2D5/18
-& JP 59 088532 A (TOMOYOSHI SHINOHARA), E02D27/26
22 May 1984 (1984-05-22)
Y * abstract; figures 1,2 * 17-19, | ADD.
21-23 E02D5/18
Y US 4 902 172 A (FUKUDA ET AL) 17,19,
20 February 1990 (1990-02-20) 21-23
* figures 1,2 *
Y US 4 063 424 A (TAKAGI ET AL) 18
20 December 1977 (1977-12-20)
A * the whole document * 17
A PATENT ABSTRACTS OF JAPAN 6,12
vol. 006, no. 242 (M-175),
30 November 1982 (1982-11-30)
-& JP 57 140417 A (NITSUTOU TEKUNO
GURUUPU:KK), 31 August 1982 (1982-08-31) TECHNICAL FIELDS
* ab stract * SEARCHED (IPC)
----- EO2D
A NL 9 100 227 A (ALEXANDER JULIEN 9,10
VERSTRAETEN TE KNOKKE-HEIST, BELGIE)
1 September 1992 (1992-09-01)
* page 6, line 18 - page 7, line 16 *
* figures 1-7 *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 6 April 2006 Leroux, C
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A technological background e bt e h bttt nae e
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

13




EPO FORM P0459

EP 1 666 670 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 05 07 7778

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

06-04-2006
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 59088532 A 22-05-1984  NONE
US 4902172 A 20-02-1990  JP 1299914 A 04-12-1989
US 4063424 A 20-12-1977  JP 986651 C 21-02-1980
JP 52034508 A 16-03-1977
JP 54016326 B 21-06-1979
JP 57140417 A 31-08-1982 JP 1271885 C 11-07-1985
JP 59049376 B 03-12-1984

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

14



	bibliography
	description
	claims
	drawings
	search report

