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1 Inproved device for the in- S|tu productlon of colunns of stablﬂlzéﬁpénd
conpacted soil. The invention relatées to an inproved device for the in-situ
production of colums of stabilized and conpacted soil. 5
EP-B-0, 161, 974 describes a nethod for the in-situ production of columms of
stabilized and conpacted soil. This method inhcludes a first step consisting
inforcing into the ground a rotary drilling tool |oosening the ground and
mxing it with dmproved device ifot therid-situr pradudtionhof tteumns upfnstabilizsedeandt |
through the drillin | ,,is inparted to at |east part of the | oosened 10
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ground, and a s&@ onsisting in withdrawing the drilling tool from
the- ground, and is char VeRB6n rél Ai 6\?&{6@/ -
tool, which conprises ﬂ&fggst tr\}vo afg?i(?a ! afts é%bcsz PF]% tﬁtLFj %Pgﬂgﬁ]l

driving an augerof oehuhnao@etabﬁmedganki ¢amp|a<aed soid. opp03| te end to the dri ve
shaft with | ooseni ng and the di st en the axes of t
augers bei r% | ess t han I%H]B'dlgg?ggﬂ gpscﬁ %%Rgﬁ h@'%ﬂhﬂfgg%mm R
shanks of the aygRimné of lstililitedahd® BnifalRCisH tT‘Pnsam%.@l%d?%élG%§£|f & step
material and at |east one orifice comunicating with sai d bore bel n

provi ded on t he cohsistingin éacimgdntpethei groundarrotawdﬁrémtog)é lodsenirig therground

I, th b e d
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direction of rotgdierRertt! tHrB@gl@!’rg@ﬂﬁllmgrtobh?é wﬁﬁlﬁ‘té‘d' toSdt Iéés?Baft%fQﬁé ldd%@né’d’t
by forcing the said device into the ground whi'l e di scharg

material viQ thgreund) and a seconsbstep copsisting in wmhdrawms the@lsglmwtoyi dromal thend

'n that the secon(()jun ea?] is characterized in that a device is used, as a drilling tool, which

comprises at least two parallel shafts, each shaft rotationally driving an auger,
each auger being fitted at its opposite end to the drive shaft with a loosening
drill head and the distance between the axes of the augers being less than the
15 diameter of an auger, the shafts and the shanks of the augers including a bore
connected to a source of filler material and at least one orifice communicating
with the said bore being provided on the shank of each auger in order to
discharge the filler material, the augers having opposite hands and being driven
in cbi;nterrotation, and which furthermore comprises means for reversing the
20 direction of rotation of the augers, in that the first step is carried out by forcing
the said device into the ground while discharging a filler material via the said
orifice so as to mix it with the loosened ground and in that the second step is
carried out, after having reversed the direction of rotation of the augers, by
exerting a controlled bearing force on the said device while it is being
25 withdrawn so as to impart a downward movement, through the said device, to
the loosened ground mixed with the filler material, tending to compact it.
Althougﬁ EP-B-0,161,974 also claims a device suitable for the
implementation of the said method, comprising at least two augers, it
specifically describes only a two-auger device.
30 When employing this specific two-auger device in very soft ground,
according to the method des¢ribed, difficulties have béen encountered due to

the fact that the path of the device can suffer large deviations with respect to the



carried out, after having reversed the direction of rotation of the augers,
by: exérting a controlled bearing force on the said device while it is being
25 wi t hdrawn so as to inpart a downward novenent, through the said
device, to the | oosened ground mxed with the filler material, tending to
conpact it. Although EP-B-0, 161,974 also cla2ns a device suitable for the

i npl ement ation of the said nethod, conprising at |east two augers, it
specifical ly desme desirashl yit 45 tapparange pfterc stugyingathis phenomenon, whaigh is not

enpl oying this specific tw)- V] N \ t : ' )
t he met hod desc %%%Et'bk fr\},\?ec'w{éﬁ ﬁaé/rgﬁggéw%gE\tcrgémsef{%gqﬁggiﬁsgﬁﬁﬁéeﬂ gg%ﬁeo
t hat tge patg Ofdiithbuﬂéwioﬂh@&nc?ywmh hwg&ert&wh'ratheﬁdsvim dhringv\hsqmahtidm t he
2 one desired. It is apparent, ter sfudying this enonenon l,ch s jnot
perceptible in relativel§e i E%d’,"ﬁtcga?rq ?pPlé%clﬁ?stRFr%fﬁeﬁé’roq’ré'é)hﬁ?ﬁlﬁy
of the dist ib“tr{a%'el f the forces which are exerted on the device during

operation. The main forces, which are applied to the augers or drill heads,
5 nanmel y: - the for cetherfescdstrengtihg drom fiee cuttingragtianti on - the forces

due to lateral friction between §{he augers .and the ground, and -, the forcges
resulting fromthe acc qpfﬁﬁ%@tﬁaﬁ&?&”gt‘%‘? LFW%&" the alugers and the grotnd,

and
- the forces resulting from the accumulation of materials at the
10 entrance of the imbricated augers, all act in the satﬁe direction and tend to
impart a movement (translation and/or rotation) to the device with respect to the
soil, as well as to exert a torque on the guideway of the drilling machine which
serves to guide the multi-auger device.
Normal ground, having good or average mechanical
15 characteristics can develop reactions limiting the reactions induced by the said
forces, but this is .not so in the case of very soft soils, in particular in sensitive
clays, in which the deviations become unacceptable since the reaction forces
are insufficient.
The need there_fore arises for an improved device which would be free
20 of the abovementioned drawback.
The subject of the invention is precisely to provide such a device.
More specifically, the invention relates to a device for the in-situ
production of columns of stabilized and compacted soil, of the kind which
comprises at least two parallel shafts, each shaft driving in rotation one auger,
25 each auger being fitted at its opbosite end to the drive shaft with a loosening
drill head and the distance between the axes of the augers being less than the
diameter of an auger, the shafts and the shanks of the augers including a bore
and at least one orifice corrimunicating with the said bore being provided on the
shank of each auger in order to discharge a filler material, the augers having
30 opposite hands and being driven in counterrétation, and which furthermore
comprises means for reversing the direction of rotation of the augers,

characterized in that it includes an even number n, at least equal to 4, of augers



10 ° entrance of the inbricated augers, all act in the same direction and
.tend to inpart a novenent (translation and/or rotation) to the device with
respect to the soil, as well as to exert a torque on the guideway of the
drilling machi ne whi ch serves to guide the nulti-auger device. Nornmal
ground, havi ng good or average nmechanical 153 characteristics can devel op
reactions limting the reactions induced by the said forces, but this is
not so in the came bf thaty yeanin csassisectiom tharaxesuifaithel augeenard icertred ay thei n
whi ch the devi ati ons beconme unacc c& LV since the.reaction forces are

i nsuf ficient. THerteesPid ey %r!bs'aﬁ QY8O8r an i nproved devi ce which woul d

be free 20 Of the abussBiig 6 Ghreey Biodirtits S @8icoindiifed AVETEH 87

is precisely to provide s | Cce. re speC| I nvent I on
relates to a de\augersfamd thecaxes-ofithe apgerdare irespeoﬁvdplaunnged)ht ﬂ'tea\lmrtlce.edf and

conpacted s of the ki ngf:g\{{élch co rls s at_least two parallel shafts,
‘each shaft r| visAYten 2,758 XA AL £F8U ?5°Ctag?£‘ich auger being fitted at

|1s opposite end o tewl dfehd gedmiiry s §rhif@RRAI B6yiEe is obtafed iRWhichThe

di stance between the axes the auger €in ess than the dianeter of an
auger, the shaf tafboaementlene&ﬁmkesarécbhmeasg forisndhatdleviptimnb in sofagmbuad are
| east one orifice gomunjcating with the said bore being provided on the
shank of each adb’e&’qgﬁrBLWeqo discharge a filler material, the augers

having 30 opposi t e hppglsdéice Nsrefiaily! HRTuddd SOMRERS rrﬁéﬁ?'&ﬁvm@“%!‘hhﬁh
furthernore conprises neans for reversing the direction of rotation of the

augers, chtd act epprepridte geadiox; all it hughes, this keieg forithe eurposetof synshroniging

to 4, of augers the augers in terms of rotation, which is essential on account of their mutual

imbrication, but it is obviously not excluded to employ several drive motors if
desired, as long as, moreover, means are provided for suitably synchronizing the
rotation of the augers. |

15 The description which follows, with regard to the appended drawings,
given by way of non-limiting example, will make it clear how the invention can
be realized. _

Figures 1 and 2 are diagrammatic views, in elevation and in cross-
section (along the line II-ll) respectively, of one embodiment of the device

20 according to the invention.

Figures 3 and 4 are diagrammatic views, in cross-section, in the region
of the augers, of other embodiments of the device of the invention.

The device depicted in Figures 1 and 2 includes the following
elements:

25 Four parallel shafts 1, each provided with a bore 1a, drive four
counterrotating hellcal augers 2 of opposite hands. The shafts 1 are arranged so
that, in cross-sectlon (Figure 2), their axes are centred at the vertices of an
imaginary square C (depicted by the dotted lines). Each auger is fitted at its free
end with a loosening drill head 3 adapted to the nature of the ground. This can

30 be, for example, as illustrated, a head in the form of a helix or else a cutter.
The distance X between the adjacent axes of the augers is less than the diameter

of the augers so that the threads of the adjacent augers are effectively engaged



3 and in that, seen in cross-section, the axes of the augers are centred at
.the vertices of a regular n-sided polygon. According to preferred

enbodi ments, the device includes 4, 6 or 8 augers and the axes of the
augers are respectively arranged at the vertices of a 5 square, a

regul ar hexagon or a regular octagon. Wth séich a geonetry, a synmmetrical
‘device is obtained in which the abovenentioned forces are conpensated for
so that deviati ame imasother go aisrid providea lforagdr moeraentedr flohe ofithe geound 4

referably inclydes a,sjingle nmotor drivin via ap 10 appr i at
Gear box, &l It ndoSEReAdeY the 2UBersn i shatk.5 i eagh catger alstticlides: # gor g
augers in terns ghichO¢sthiviiicatdy With theSB8RNbf Bhe @Brrd§sctivg Qlﬁ'ivfr{'gekﬁaffén%ﬁﬁ"

inbrication, but it is obviously not excluded to enploy several driv
nmotors if desir emablisg Ithe filles material ordrinderp saming éopr e\soveae (not depicted)) by
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(al'ong the line 11-11) The fengthwfithe augersrie adaptedi teethe typetdfegroundamd it is
usually less than the depth of the column to be produced.

It should be noted that the augers, instead of having a continuous

10 helical profile, could be discontinuous, that is to say be replaced by a plurality
of separated helices.

A few double bearings 7, depending on the depth of the column to be
produced, are distributed over the length of the driving shafts and of the augers
so as to keep them parallel.

15 The four shafts 1 are driven in rotation by means of a geared speed-
reducing and reversing device 8, itself connected to a motor 9 which drives
them, as well as the augers, in rotation in opposite directions and at the same
speed. This gear-motor assembly 8-9 can be carried by a drilling machine (not
depicted) installed on the surface in line with the column to be produced or by

20 means of a guideway on which it can move longitudinally, either freely or by
means of a translation device. As a variant, it can be hung from the jib of a
lifting contrivance (a crane or other means). In the latter case, the weight of the
device can be adapted so that it exerts the desired bearing force.

Figure 3 illustrates diagrammatically a device similar to the one of

25 Figures 1 and 2 save that it includes six augers 2 instead of four. The shafts 1
of these augers are arranged so that, in cross-section, their axes are centred at
the vertices of an i?haginary regular hexagon H (shown by the dotted lines).

Figure 4 illustrates diagrarﬁmatically a device similar to the one of
Figures 1 and 2, save that it includes eight augers 2 instead of four. The shafts 1

- 30 of these augers are arranged so that, in cross-section, their axes are centred at
the vertices of an imaginary regular octagon O (shown by the dotted lines).

The improved device of the invention is used in the same manner as



20 ° according to the invention. Figures 3 and 4 are diagranmatic views,

i necress-section, in the region of the augers, of other enbodi nents of the
device of the invention. The device depicted in Figures 1 and 2 includes
‘the follow ng el enents: 25 Four parallel shafts 1, each
‘provided with a bore la, drive four counterrgtating helical augers 2 of
‘opposite hands. The shafts 1 are arranged so that, in cross-section (Figure
2), their axes ahe deviderduicabed ive EP$B-0,164 07K toawhichagfarenae shpudd Be@nade for
(depicted by the dotted |ines). Each auger is fitted at its free end wth a
| oosening drill fﬂ@%ldgaﬁ&apt ed to the nature of the ground. This can 30

be, for exanple, as ill d, L : hed | el s
cutter. The distance X eWV\éggﬁ t%égagé(aﬁagggﬁ Eﬂﬁg]';e%@lt aéﬂraeu(g‘]elrﬁsé ?éw?%sog tt%ﬁ!an
the di ameter of ihhentiorgdt s feee, Wisdn hding ubed frdsofogrdund, afljlecdraivback exhibited

effectively_enggge 4 one_in another sq as to proovide a fqrced novenent
or flow of Phe g%&mﬂew%e&%@ﬁﬂ%%, ﬁuggrwbaﬂ%eb%n&m@aﬁe fin ¢he preamele
al so i ncludes a i nicates with the bore of the '

N présetf deSeriRIBH,

correspondi ng driv S énabling the filler material or binder,
comi ng froma source (niitgespwithed} ,sabingSthat theyembadienents ldesedbed are eonliyo

be brought right to the orifices rovi,ded on th hank qf each, auger s
bS Co mx it Cnieamleyand ev;eruld dBuBAUteg, Sgially by Substituting with t6chnics

equivalents, without thereby departing from the scope of the invention.



The 'l ength of the augers is adapted to the type of ground and it is usually
| ess than the depth of the colum to be produced. It should be noted that

t He augers, instead of having a continuous 10 helical profile, could be
‘di scontinuous, that is to say be replaced by a plurality of separated
helices. A few doubl e bearings 7, depending &n the depth of the colum to
be -produced, are distributed over the length of the driving shafts and of

the augers so as to keep themparallel. 15 The four shafts 1
are driven in rotation by neans of a gea\rﬂmw- reduci ng and reversing
device 8, itself connected to a notor 9 rives them as well as the

augers, in rotation in opposite directions and at the sane speed. This
gear-notor assenbly 8-9 can be carried by a drilling machine (not depicted)
instal | ed on thd.surfaclevige| farethgi imsitineprodugiion taf lselusansd wf estabilizeg and

means of a gui deway o LCh.Lt ca ve | onaitudinal ei ther, f y _or
by means of Ca ¢ FaeareeLp el MasSRR G gpRRries SR o pasT el keh
of a lifting coghaft ¥AVRR ihdofutidntor augeh &), dRhNiger beink!TRtedalt (8 loppdsite ehd e
wei ght of the device can be adapted so that it exerts the desired bearing
force. Figdre 3toithedrivatsheftowithyadensaningidrijl headeld) @pdgheidiganaen(d thetwaen of

25 Fi 1 that [.t..1 I Xge ' .

The shafts © of Phate 3EE A8 bbinglResdfil sht Aot 3¢ an ALBbEPe Shaty Ay
axes are centregh@thdnks (Seof theegigefs iabludirga bare/(1ae 54 &id Achsad Ohe brifidtol@)
by the dotted lines). Figure 4 illustrates diagrammtically a device

simlar to the GAEWBENicAtNg wgthithersaich borbeing pyovided;ar:thegshankiafirachayges 2
instead of four,, -Q?Sers Hi"‘fd‘is%h%rge a filler material, the augers having opposite hands and

10 being driven in counterrotation, and which furthermore comprise§ means (8) for
reversing the direction of rotation of the augers, characterized in that it includes
an even number n, at least equal to 4, of augers and in that, seen in cross-
section, the axes of the augers are centred at the vertices of a regular n-sided
polygon (C, H, O).

15 2. Device according to Claim 1, characterized in that it includes four
augers, the axes of which, in cross-section, are centred at the vertices of an
imaginary square.

3. Device according to Claim 1, characterized in that it includes six
augers, the axes of which, in cross-section, are centred at the vertices of an

20 imaginary regular hexagon.

4, Device according to Claim 1, characterized in that it includes eight
augers, the axes of which, in cross-section, are centred at the vertices of an

imaginary regular octagon.
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30 * of these augers are arranged so that, in cross-section, their axes
are centred at the vertices of an inmaginary regular octagon O (shown by the
‘dotted lines). The inproved device of the invention is used in the sane
_manner as 5 the device described in EP-B-0, 161,974 to which reference
-shoul d be nade for nore details. However, betause of the symmetrical nature
‘of the device of the invention, it is free, when being used in soft ground,
of the drawback exhibited 5 by the device of EP-B-0,1 61,974, this
drawback being recalled jn , th reanbl e of the.presgent,description. It es
wi t hout sayi ng t"WBfo‘f%’cej J@Pﬂf@d?‘ﬂgm% 'gauy, P CHBE %ﬁl@l%ﬁ'&%ﬂfegaﬁw&e@ h%"c‘;)‘?
could be nodifi gdmpBer@lCiad,| y by substituting with technical equivalents,

wi t hout thereby departing fromthe scope of the invention. 6 CLAIMS 1.
Device for the in-situ production of colums of stabilized and conpacted
soil, of the ki rl]rgvevr\)%r%:h CJ%QP—EIaﬁ?fe &tES_gE?St two parallel shafts (1), each
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ABSTRACT

The invention relates to a device for the in-situ production of columns
of stabilized and compaicted soil, of the kind which comprises at least two
parallel shafts (1), each shaft driving in rotation one auger (2), each auger being
fitted with a loosening drill head (3), the shafts and the shanks (5) of the augers
including a bore (13, 5a) and at least one orifice (6) for discharging a filler
material, the augers having opposite hands and being driven in counterrotation,
characterized in that it furthermore comprises means (8) for reversing the
direction of rotation of the augers, said device including an even number n, at
least equal to 4, of augers and in that, seen in cross-section, the axes of the
augers are centred at the vertices of a regular n-sided polygon (C, H, O).

Use in the field of civil engineering.

FIGURE 1



shaft driving in rotation one auger (2), each auger being fitted at its
opposite end 5 to the drive shaft wth a | oosening drill head (3) and
t'he di stance (X) between the axes of the augers being | ess than the
di aneter of an auger, the shafts and the shanks (5) of the augers including
a bore (1 a, 5a) and at least one orificel(®) comunicating with the said
bore being provided on the shank of each auger in order to discharge a
filler material, the augers having opposite hands and 10 bei ng driven
in counterrotation, and which furthernore conprises nmeans (8) for reversing
the direction of rotation of the augers, characterized in that it includes
an even nunber n, at Igﬂgiéfqual to 4, of augers and in that, seen in
cross- section, the ax the augers are centred at the vertices of a
regul ar n-sided pol ygq ” g0 . 15 2. Devi ce according to
Claim1, characterized in tfat it includes four augers,FiGg @xes of which,
in cross-section, are ed at the vertices of an i =wv square. 3.

O

Devi ce according t ol i afcterized in tRat Xa augers,
t he axes of which, tn cross-sedion, are centre o? an 20
i magi nary regul ar h&FgpF Devi ce accor di |
. characterized in thh sbded ei ght augers, t I n
~ cross-section, are ce gt t he vertices of an i oct agon.
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