2002004 34 - 22 JAN20~2 A DI RECTI ONAL BORI NG TOOL The%ﬂe%tOiQ\A@Am-%
relates to a boring assenbly wusing a jet of |iquid under pressurd 'MUAN.ZUI
enables a deflected hole to be bored. 5 The techni que known as "jet
grouting” consists in neking colums of concrete in the ground by using a
fluid which is delivered at high pressure to destructure the soil. This
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a lateral when the final structure is to perform a sealing
function. For example, in order to obtain good
i5 continuity of a web that results from juxtaposing columns
or masses of concrete, it is necessary for the axes of
all of the columns making up the work to be positioned
very accurately. In order to correct errors in
positioning and in particular in verticality, directed
20 boring techniques are used in order to correct for
deviations of the axis of the hole being bored.
The technique of directed boring relies on two
systems: firstly detecting the position of the borehole,
and secondly the ability to cause the borehole to be
25 deflected in the desired direction in order to correct an
error in verticality, or more generally an error in
direction.
The techniques commonly used in hard soils, i.e.
- essentially in the field of boring oil wells, are based
30 on three principles:
inserting a bend in the tool line;
* using controlled deflectors which apply a lateral
force on the tool; and
changing the angle of incidence of the tool, e.qg.
35 by bending its axis. '
Those three techniques are associated with the
‘continuous rotation of the boring tool which is driven



force on the tool; and changing the angle of incidence of the tool, e.g.
35 by bending its axis. Those three techni ques are associated with the
continuous rotation of the boring tool whgch is driven 2 either by a
downhol e notor or directly by the boring head via the bore string. The
boring tool is fitted solely wth mechanical cutting nenbers. The purpose
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the soil over several centineters ore restarting “rotation. This
operation is ¥abeedetostheraprfa@es until significant deflection is

obt ai ned suitabl e $Qrco¢OFriggt §6018NecEhierdoflsbtegtbopingotberieigoesnl |y,
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known oriented in a particular direction, the tool is driven

15 into the soil over several centimeters before restarting
rotation. This operation is repeated several times until
significant deflection is obtained suitable for
correcting the error of direction. To bore normally, the
tool is set into continuous rotation. '

20 When boring for the purpose of constructing columns
by means of jet grouting, the boring must necessarily be
taking place in soil that is capable of being destroyed
by a jet under high pressure, i.e. in soil that is
relatively loose.

25 A boring technique that is used in alluvial soil
with little cohesion consists in destructuring the ground
by means of a high pressure jet of fluid that is directed
towards the front of the tool. That technique is known
as jetting. It is very widely used in sandy ground that

30 is not very compact. The main drawback of that boring
technique is that it ceases to operate as soon as it
encounters an obstacle that is a little harder.

An object of the invention is to provide an assembly
for boring in the ground by injecting fluid under

35 pressure and making it possible, during certain stages of
boring, to deflect a borehole so as to correct for an
error in the direction of the borehole.



as jetting. It is very widely used in sandy ground that 30 is not very
conpact. The nmain drawback of that boring technique is that it ceases to
operate as soon as it encounters an obstacle that is a little harder. An
obj ect of the invention is to provide an assenbly for boring in the ground
by injecting fluid under 35 pressure and making it possible, during certain
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blish a single jet or aplurality of jets.
SO as to eStéhe fgt—creaégonjmeans, and means)%or imparting a mean

. 15 distribution to said jet that is not symmetrical about
said longitudinal axis of said'tool; and
* means for feeding said pipe-forming means under a
pfessure that is sufficient for the jet that is produced
actually to break up the ground. '

20 : In the present specification, the term "means for
creating a jet of fluid under pressure" is used to mean
means enabling an outlet of fluid under pressure to be
created at the bottom end of the boring tool, so as to
establish a single jet or a plurality of jets.

25 In addition, since the motion of the boring tool
about its longitudinal axis can be in continuous rotation
or else in alternation, the term "asymmetrical mean
distribution" about the longitudinal axis refers not only
to the distribution of the jet in the static state (i.e.

30 in the absence of rotation) but also in the dynamic
state, (i.e. the set of positions occupied by the jet(s)
during a complete cycle of the tool in its motion about
its axis).

In a first embodiment, the tool is characterized in

35 that the means for creating a jet of fluid under pressure
comprise g injection nozzles distributed generally
symmetrically about the longitudinal axis of said tool,



25 In addition, since the notion of the boring tool about its |ongitudinal
axis can be in continuous rotation or else in alternation, the term
"dsymmetrical mean distribution" about the | ongi tudinal axis refers not
only to the distribution of the jet in the static state (i.e. 30 in the
absence of rotation) but also in the dynamc state, (i.e. the set of
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15 fluid under pressure comprise g nozzles for injection
under pressure, said g nozzles being distributed in
generally asymmetrical manner about the loﬁgitudinal axis
of said tool, and in that the assembly further comprises
means for feeding said nozzles simultaneously.

20 In this second embodiment, the jet of fluid under
pressure is continuously asymmetrical about the axis of
the tool body, and thus during deflection stages
deflection is obtained. 1In contrast, outside deflection
stages, the tool is caused to rotate continuously in

25 order to ensure that the mean distribution of the jet of
fluid under pressure to become symmetrical over each
rotation of the tool.

Other characteristics and advantages of the

invention will appear better on reading the following

30 description of various embodiments of the invention given
as non-limiting examples. The description refers to the
accompanying figures, in which:

Figure 1 is an elevation view of an assembly for

boring by means of a jet under pressure;

35 - Figure 2A is a longitudinal section view of a
boring tool constituting a first embodiment of the
invention;



pressure is continuously asymetrical about the axis of the tool body, and
thus during deflection stages deflection is obtained. In contrast, outside
défl ection stages, the tool is caused togrotate continuously in 25 order
to ensure that the nean distribution of the jet of fluid under pressure to
become symmetrical over each rotation of the tool. O her characteristics
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of boring tool 24 mounted at its bottom end 22a. The boring
' tool 24 is of the type that is capable of creating jets
15 of fluid under pressure.
Pressure feed is implemented from a source 26 of
fluid under pressure, preferably a liquid, which source
feeds a pipe (not shown) placed inside the boring string
22, said pipe possibly being constituted by the rods
20 making up the string and connected to the string by a
hose 28 and a rotary joint 30. By way of example,
vertical displacements of the boring head 20 are
controlled by means of a cable or chain system 32 driven
by a motor (not shown), while rotation of the bore string
25 is achieved by means of a motor 34, for example.

' With reference initially to Figures 2A and 2B, there
follows a description of a first embodiment of the boring
tool which is referenced 24a. This tool comprises a body
40 having a bottom end 42 with cutting members of

30 conventional type (such as the members 44) mounted
thereon. 1In the bottom face 42, there are also provided
nozzles such as 46 that are capable of creating
respective jets of liquid under pressure that are
directed substantially along the longitﬁdinal axis X-X'

35 . of the body 40 of the tool. The body 40 of the tool has
a second end 48 provided with a thread 50 for connection
to the bore string 22. There can also be seen a pipe 52

-



“fluid under pressure, preferably a liquid, which source feeds a pipe (not
shown) pl aced inside the boring string 22, said pipe possibly being
constituted by the rods 20 meking up the gtring and connected to the string
by a hose 28 and a rotary joint 30. By way of exanple, vertical

di spl acenents of the boring head 20 are controlled by neans of a cable or
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manner that is generally s rical about the axis X-X of the tool. It
wi |l be underc$X waRl ufeiratife HREPAK Ve d 9G@d 1zed jets of liquid,

15 whereas the nozzle 46a creates such a jet or creates no
such jet depending on the state of its interrupter 56.

By way of example, the interrupter 56 can be controlled
by a bistable system whose state depends on applying a
temporary pressure surge.

20 It will be understood that while the tool 24a is not
being rotated and the nozzle 46a is closed, then the
overall jet of liquid under pressure created by the
nozzles 46b, 46c, and 46d is asymmetrical and will enable
the trajectory of the tool in the ground to be deflected.

25 In contrast, if the nozzle 46a is also fed, then the
overall jet is symmetrical and no such deflection occurs.

It is possible during the deflection stage to
combine the effect of the jets under pressure with the
mechanical action of the cutting members 44 in order.to

30 obtain the borehole. To maintain the deflection effect,
it suffices to cause the tool to rotate in alternation
through an angle of 90°, for example, thus not
interfering with the asymmetry of the jet but enabling
the various cutting tools to act over 360°. More

35 generally, if the tool has n cutting members 40, then
alternating rotation should be performed through an angle
of not less'than 360/n degrees but less than 360° in



with liquid under pressure, the nozzles 46b, 46c, and 46d continuously
create respective localized jets of liquid, 15 whereas the nozzle 46a
creates such a jet or creates no such jey depending on the state of its
interrupter 56. By way of exanple, the interrupter 56 can be controlled
by a bistable systen1mhose state depends on applying a tenporary pressure

surge. 20 It w i ﬁ*F% | t
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enabl e the tdSh©LIPIYa Odcédead yln the ground to be deflected. 25 In

contrast, if the nozzle 46 so fed, then_the overal

symet rical and. not3uehe 0%‘%?%@’(1?% £ oRhonn 10 Figures 3 b‘?réddié1 nbh?he

defl ecti o sStiegein® t@mblMR1¢MG1$fféféréﬁcéde4mthaﬂnUMre@ressﬂingmnth t he
nechani cal acti.gn e tLi 4 n er ain the

bor ehol e. ToIﬁ%ﬁ%?%%né¢h%8§e¢+€g?ﬁﬁgyg¥$e éitgégff?%§s6 % gg%se t he t ool
to rotate in iahj@hmmhiqurﬂoumearpw@r@f dbhe f bpJ eXEheh enoEALESNOt

interfering wsh m @éarra@érawéea heoh€inbdis BPAPAL NG thdenyasigugzputting
tools to act over 360. Mre enerally, 1f the tool_has n cutting nenbers

40, then aIt%?H%E?%gC?%FﬁﬁV%%S oulﬁtb%O Hd B8 et b B URASSHPARGFE  of not
| ess t hanp 3608 rodbge eest boll h@ﬁﬁn@h@m&§6@nennazzbéderltowﬂhlnbaln t he nean
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pressure. The Injection nozzles 62a 62c are closed continuously while
t he nozzl e 62psymmetrical about the ax1s X-X' of the boring tool.

15 This makes it possible to cause the tool to be deflected
as shown in Figure 3B. To enable the various cutting
members 60 to enter into action, the tool can be caused
to rotate in alternation F through an angle equal to
120°. This rotation enables the cutting members to act

20 over 360° but does not interfere with the mean asymmetry
of the overall jet of liquid under pressure produced by
the nozzle 62b. More generally, if the tool has n
cutting members 40, the alternating rotation should
correspond to an angle of not less than 360/n degrees in

25 order to ensure that cutting takes place over 360°; The
angle of alternating rotation must comply with the
condition that the mean distribution of the jet(s) of

-liquid under pressure must remain asymmetrical. This
angle is therefore necessarily less than 360°.

30 In contrast, whenever the tool is not being
deflected, it can be caused to rotate continuously under
the control of the boring head 20. On average, the
single jet produced by the nozzle 62b occupies all
possible angular positions around the axis X-X' during

35 one complete revolution. It is also possible to cause
the tool to rotate in alternation through plus or minus
360°.



i s.open continuously. It would be equally possible to 10 provi de a tool

havi ng only one nozzle. It will be understood that when the boring tool is
fed with fluid wunder pressure, the resulging overall jet in the static
state, i.e. when the tool is not rotating, is asymetrical about the axis

X-X of the boring tool. 15 This nmakes it possible to cause the tool to be
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rotation must conply with the condition that the mean distribution of the
jet(s) of liquid under pressure nust renmain asymmetrical. This angle is
therefore necessarily less than 360. 30 In contrast, whenever the tool is
not being deflected, it can be caused to rotate continuously under the
control of the boring head 20. On average, the single jet produced by the
nozzl e 62b occupies all possible angular positions around the axis X-X
during 35 one conplete revolution. It is also possible to cause the tool
torotate in alternation through plus or mnus . 360. 8 Naturally, the
nunber of active nozzles injecting liquid into the borehol e can be ot her
than one. It suffices that the nunber of active nozzles and



t he angul ar di sposition thereof about the longitudinal 5 axis of the tool
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a'jet of 5l wmcnmm:cnqprmms ef¢oxmim@ak pipe¢ heograufityideande f opresspreng
the 15 pipe t e eat and neans for
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pressure to break up the ground, means for coupling the

15 pipe-forming means to the jet-creation means, and means
for imparting a mean distribution to said jet that is not
symmetrical about said longitudinal axis of said tool;
and '

* means for feeding said pipe-forming means under a

20 pressure that is sufficient for the jet that is produced
actually to break up the ground.

2. A boring assembly according to claim 1, characterized
in that  the means for creating a jet of fluid under

25 pressure comprise g injection nozzles (46) distributed
generally symmetrically about the longitudinal axis of
said tool, and in that it includes means (56) for causing
the feed to some of said nozzles to be interrupted
temporarily in such a manner that said r nozzles that are

30 being fed produce a distribution that is not symmetrical
about the longitudinal axis of said tool.

3. A boring assembly according to claim 1, characterized
in that said means for creating a jet of fluid under

- 35 pressure comprise g nozzles (62) for injection under
pressure, said g nozzles being distributed in generally
asymmetrical manner about the longitudinal axis of said



about the longitudinal axis of said tool. 3. A boring assenbly accordlng to
claim1l1, characterized in that said neans for creatl

under 35 pressure conprise g nozzles (62)16 or |nj ecti mm"“ﬂ ImHl !!!le
said g nozzles being distributed in generally ynmret r+ cal nanmersa

the longitudinal axis of said 10 {1 I111"] 111111 IIIJI 11212 11 111 * ¢
tool, and in {bai, tAfqasseaRly £HéLﬂféeﬁﬂﬂ?rfé?@h@?aaémﬁP{sé$eﬂé fssai d

nozzl es si mul f anebusl y. 4. An asse according to claim?2 oring in
the 5 ground %9r|ﬁ?%@%PQgS§1¢IGPEZhﬁﬁeﬁlﬁFégéﬂ?%us¥%e assenbly bei ng
characterized |n that said boring tool (24a) has n cutting nenbers (44),

and in that d defl ection nozzl es, erer <_
oAty 8, SeLLRRlLon CSLa0eS (RNl Yaln O PALIROORASSEn 1hE1S
control | edl sogasund bpusejebeibgra fluidgubderopa¢esune, atheraasemhliyn one
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and | ess than according to c ing in the
15 ground by ¢afeéRgngerbars &ﬁ@ér prdsinrehat hduningnéeflepbing
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where n >_ in that The borlng head 1 s controllngto cause the bore

string to rot% %ldcﬁﬂg?ﬁu86§F§uFﬁ and; hieeParing ead b +Btate in 20
al ternation tdonugblpedssorasi tuscdGfedthengoséagesing tborobvgtwi ihout
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string to rotate 1n rection and rough
an angle of awgleest nﬁ§n136§/hhd@g36@énaﬂ€gregs ehdnless tRanddllhg
defl ecti on stages.

5. An assembly according to claim 3 for boring in the

15 ground by injecting fluid under pressure, the assembly
being characterized in that said boriﬁg tool comprises n
cutting members (60) where n 2 g, and in that the boring
head is controlled to cause the bore string to rotate
continuously in a single direction or to rotate in

20 alternation through plus or minus 360° during stages of
boring without deflection, and in that said boring head
is controlled to cause the bore string to rotate in
alternation in one direction and in the other through an
angle of not less than 360/n degrees and less than 360°

25 during deflection stages.



