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METHOD AND DEVICE FOR FREEZING A MASS OF SOIL

The present invention concerns the methods andewiees used to freeze soil.

Freezing soil is a technique invented at the endhef 19th century for
rendering a mass of soil coherent and impermedblis. used nowadays to carry out
excavations in non-cohesive, in particular powdgrgund containing for example gravel
or sand, and containing a large quantity of intiéastvater, possibly in circulation.

The general principle of this technique is to chilinass of soil in such a way
as to fix the interstitial water and thus to createoherent and impermeable mass. To this
end an array of bores is produced in the massibfesbe frozen. The bores are equipped
with freezing probes in which a fluid at low temgkre is caused to circulate. The mass of
soil to be frozen has its temperature lowered antibherent and impermeable frozen mass
of soil is obtained that is maintained at low tenapere through the excavation operations.
On completion of the works the freezing probes pueged and then removed or
abandoned and the mass of soil rises slowly in ézatpre.

During freezing the water tends to disturb the massoil because of its
increase in volume on changing state. It reducgsanticular the overall compactness of
the mass of soil and tends to push apart the geainstituting the soil.

When the previously frozen mass of soil rises mgerature its volume tends
to decrease with the return of the water to theidicstate. Moreover, the cohesion of the
mass of soil is reduced compared to the situatedarb freezing because of the separation
of the grains of soil. These two phenomena leacbtapacting of the frozen soil when it
thaws.

In the frequent situation where neighbors on thdase are sensitive to
compacting (in particular when the frozen zonesnaar buildings), it may be necessary to
inject a compensation grouting. These injections artended to compensate the
compaction that could be produced at the surfacenwthe volume of the frozen mass
decreases. They are carried out by means of spécifes that are costly to produce.

Known from patent application CN 104963334 is ahudtof freezing soil to
construct a tunnel in which cement is injected befioeezing the ground to reinforce the
latter.

There is a need for the benefit of a ground fregemethod that is simpler to
use and the invention aims to address this need.
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According to one of its aspects the invention tfeeeconsists in a method for
freezing and treating a mass of soil, making itsgae to compensate for deformations of
the mass of soil during thawing, including the daling steps:

a) making at least one bore in the mass of soill,

b) at least partly freezing the mass of soil usanfyeezing fluid injected into
the bore, then

C) injecting a compensation grouting into the mafssoil, using the bore that
was used for freezing, during the thawing phaserder at least partly to compensate for
variations in the volume of the mass of soil whes latter thaws.

The injection of the compensation grouting into thass of soil during the
thawing phase makes it possible to reinforce thesma soil and to prevent ground
movement and subsidence.

Reusing the bore used for freezing reduces the auofibores to be produced
and renders the method simpler to carry out thasetlof the prior art.

The compensation grouting is preferably injectdddively, that is to say the
timing and the point or points of injection of tbempensation grouting are controlled as a
function of the progress of the thawing of the maksoil and the deformations of the
latter or deformations induced at the surface.

The compensation grouting is preferably a cememitgrg.

Drilling

During drilling, a drilling fluid may be used inaer to favor the evacuation of
the drilling mud. This drilling fluid is preferablyater, but may be another fluid, in
particular bentonite mud.

The bores may be produced by means of drillinggdzeh equipped at its end
with a drilling tool and each drilling tube may lkadt in place during the freezing process
as far as the step of injecting the compensationtgrg. The drilling tubes may therefore
be used to inject the compensation grouting.

The drilling tool may be left in place and losttéthatively, it is withdrawn.

The drilling tube may be used for drilling, as menéed hereinabove, that is to
say used to drive the drilling tool, or alternatwmtroduced after drilling, when the nature
of the soil allows this.

The drilling tube or tubes may be sleeved. In daise the tube includes one or

more orifices normally covered and blocked by teees. The latter are deformed by the
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pressure of the injected grouting, which they allmwexit via the associated orifice or
orifices.

Alternatively, the or each orifice is formed by tupng weakened thinner
zones of the wall of the tube, which burst becaigbe pressure of the grouting.

The compensation grouting outlets may be distribubeer the tube, for
example disposed with a spacing between 50 cm anddetter between 1 m and 4 m. The
tube includes a grouting outlet every 2 m for examjp is possible with the aid of a plug
introduced into the tube to isolate certain outletsl thereby to control the height of
injection of the grouting into the mass of soil.

The sleeves may be protected during drilling bexternal sheathing.

Alternatively, the drilling tube has no groutingtietis over its length. In this
case it may be open at its distal end.

In a preferred embodiment, the bore being prodiigetieans of a drilling tube
with or without sleeves equipped at the end witriding tool, the drilling tube is left in
place during the freezing step and during the stepjecting the compensation grouting.

Embedding

The or each drilling tube may be embedded in thesnoh soil by injecting an
embedding grouting into the bore around the dgllinbe. This embedding step may take
place after the drilling step and before the fregatep.

The embedding grouting is for example a cementtgrgu This embedding
grouting may in particular be identical to the camgation grouting. Alternatively, it is
different. The injection pressure of the embeddjnauting is fixed in order to prevent any
ground movement. It is preferably less than thétlpressure of the enclosing ground to be
treated.

The interior of the drilling tube may be cleanedomder to eliminate residual
embedding grouting before the freezing operation.

Freezing

The freezing operation is preferably effected biyoducing a freezing probe
into each of the bores using the drilling tubeutrets in place.

A space produced around the freezing probe in tilend tube may be filled
with a thermally conductive fluid. This thermallpraductive fluid is for example brine.
Alternatively, the space may be filled with a liqusubstance at the freezing temperature of

the ground, for example an appropriate polymer.
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Before introducing the thermally conductive fluithe overall seal may be
tested to verify the absence of leaks. A test isfkind may be effected with water. It is in
particular intended to verify the absence of leakthe thermally conductive fluid into the
ground any such leaks making it impossible to feethe ground.

The freezing probe is fixed to the drilling tube f§ing means that enable its
mechanical retention. These fixing means may alswige the seal for the thermally
conductive fluid present around the freezing priobie drilling tube.

Alternatively, the freezing probe is introducedointhe corresponding bore
without there being a drilling tube present, palalto a pipe used to inject the
compensation grouting.

In one embodiment the tube used to inject the cosgt@n grouting and the
freezing probe are embedded one beside the ottlteeibore by means of an embedding
grouting. A configuration of this kind may be chosa the case of a sufficiently coherent
mass of soil. The embedding grouting may be ingeatéo the aforementioned tube until
the grouting rises sufficiently around the lattethe bore.

The method according to the invention includesstiep of freezing the mass of
soil during which a freezing fluid may be causedcit@wulate in the freezing probe. The
freezing fluid may be brine or liquid nitrogen.

The nature of the freezing fluid may be modifiedidg the process. In a first
phase, liquid nitrogen is used as the freezingdflor example, in order to cause rapid
cooling, after which in a second phase of the med®ine is used as the freezing fluid.

The method may include a step of draining the tladlymconductive fluid
present around the freezing probe in the drillurggt

The method may further include a step of withdrawthe freezing probe
before the step of injecting the compensation gnguilhe freezing probe can therefore be
withdrawn before introducing a tube for injectifg tcompensation grouting.

The freezing probe may include an outer tube andraer tube disposed inside
the outer tube. The freezing probe may therefarkide an inlet for freezing fluid into the
inner tube and for evacuation of the freezing flvia the gap between the outer tube and
the inner tube. The outer and inner tubes may bgiabor not. In a variant embodiment
the inner and/or outer tube(s) of the freezing prisfare not withdrawn during injection of

the compensation grouting. The freezing probe rhagefore be left in place and lost.
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Compensation

The compensation grouting is injected at a pressufficient to fracture the
embedding grouting and to burst the thawed and mdpoessed ground. The injection
pressure of the compensation grouting is prefergbdater than the limit pressure of the
ground changed by thawing it.

In the method according to the invention the corspgan grouting may be
injected with the aid of an injection tube introddovia a plug disposed in the drilling tube.

The compensation grouting may be injected in sisopsat at least two levels
in the mass of soil, for example by moving the piughe drilling tube and using outlets
located at at least two different heights on thiéimly tube.

The method according to the invention may includetep of measuring
deformations at the surface of the soil, in paldciby means of one or more sensors.
These measurements enable surveillance of any ahimpaof the mass of soil and
possible creep phenomena. The measurements obtearednable adjustment of the
injection of the compensation grouting, and in ipaféar the injection pressure and the
injection height in the bores.

The injection of the compensation grouting may betiaued until the end of
thawing the soil. The mass of soil may be left baw to around -2 to 5°C before
proceeding to inject the compensation grouting.

The drilling tube may be cleaned after injecting tompensation grouting. In
particular, the method may include a step of clegrthe drilling tube after complete
thawing of the soil.

Drilling device

Independently of or in combination with what is ckiised above, the invention
further consists in a drilling device, in particufar carrying out the method as defined
above, including a drilling tube, with or withouesves, equipped at the end with a drilling
tool, and a tube for injecting a compensation gnaut

This device may include at least one plug for dglgahe height of injection
of the compensation grouting into the bore.

Independently of or in combination with what is désed above, the invention
further consists in a system for freezing soil unithg a drilling device as defined

hereinabove and a freezing probe. The latter mgydduced in such a way that it can be
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fixed to the drilling tube by a mechanical connectthat is sealed at the level of the entry
of the bore.

Independently of or in combination with what is ckiised above, the invention
further consists in an assembly designed for exatwtf the method as described above,
including a drilling tube equipped with a drillirtgol, a tube for injecting compensation
grouting, the drilling tube being configured to@a@ the injection tube during the thawing
phase, and a freezing probe configured to be figatbvably in the drilling tube.

Independently of or in combination with what is ckiised above, the invention
further consists in a system for executing the wettefined above including a drilling
tube with or without sleeves equipped with a drdlitool and a freezing probe configured
to be removably fixed in the drilling tube.

The system may be rendered thermally continuouslimg with a thermally
conductive fluid remaining liquid at the soil fréeg temperature.

Independently of or in combination with what is désed above, the invention
further consists in a mass of soil treated by medtise method defined above, including a
compensation grouting injected around the borgairticular at the level of the outlets of
the drilling tube. The bores may be disposed imousr manners, for example horizontally

or radially, for example around a tunnel.

Description of thefiqures

Other features and advantages of the present iovewill emerge on reading
the following detailed description of nonlimitingnéodiments thereof and examining the
appended drawings, in which:

- figure 1 is a diagrammatic partial view in longitoa section of a drilling
device according to the invention,

- figure lais a cross section taken along the lin& iA figure 1,

- figures 1b and 1c are views analogous to figurefdariant embodiments,

- figures 2 to 8 are views analogous to figure 1siliating the freezing and
treatment method according to the invention, and

- figures 2a to 6a are cross sections taken alonggndé\-A in figures 2 to 6,

respectively.
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There has been shown in figures 1 and la a dritlexgce 1 in place in a bore
2 produced in a mass of soil T. A segment V mapresent, as shown, the drilling device
1, which remains accessible externally E, passingugh it.

The drilling device 1 is for example fixed to thegsent V by a plate 4 that in
the example described is curved to follow the ctuneaof the latter. Of course, the mass of
soil T may have no segment V.

The drilling device 1 includes a drilling tube 10hieh in the example
described is equipped at the end with a drilling ib.

The tube 10 receives a freezing probe 20 mech&nicalipled to the drilling
tube 10 by a connecting strapping 16. The freepimpe 20 is configured to allow the
circulation of a cold fluid, namely brine in theaarple considered.

The freezing probe 20 includes an outer tube 2lasnihner tube 22 disposed
inside the outer tube 21. The fluid circulates letw an inlet 24 and an outlet 26, in the
direction of the arrows, namely descends insidettie 22 and rises via the tube 21
around the tube 22. The freezing probe 20 may asrsinclude purge valves 25.

The tube 10 is provided in this example with ostl@insisting of orifices made
through the wall at various heights, these orifisesng normally blocked by sleeves 11.

The drilling tube 10 enables reception of a tubdddnjecting compensation
grouting and preferably includes means for selgctine height of injection of the
compensation grouting into the bore by enablingaan of the grouting outlet orifices
thanks to at least one plug, as described later.

In the variant shown in figure 1b, the freezinglgrantroduced into the drilling
tube 10 includes only one tube instead of an itumee and an outer tube. In this case, the
freezing fluid arrives via this single tube andtexiia the exterior inside the drilling tube
10.

In the variant from figure 1c the mass of soil ugfisiently coherent for it not
to be necessary to leave the drilling tube 10 imc@l In this case, the compensation
grouting injection tube 30 and the freezing prollen2ay be embedded one beside the
other in the bore 2 by means of an embedding grguti

The freezing method using the device from figur@ill now be described in
more detail with reference to figures 2 to 8 andd2éa.

In a first embodiment shown in figures 2 and 2kast one bore 2 is produced

in the mass of soil. The drilling tube 10 equipédhe end with a drilling tool 15 is used
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for this purpose. During drilling, the sleeves I& areferably protected, as shown, by
protective sheaths 12 that cover them.

The drilling tube 10 may be lubricated during thedlidg operation in a
manner known in itself thanks to a check valve [H&gd at the bottom of the drilling tube
10 that enables water to be injected onto thel16ol

In a second step shown in figures 3 and 3a thdingdritube 10 may be
embedded in the bore 2 by injecting an embeddingtgrg 50. The latter is injected into
the drilling tube 10 and expands outside it viavhlre 16.

Residual embedding grouting inside the drillinggul® is then eliminated to
leave only the useful embedding grouting 50, nanttedy situated between the wall of the
bore 2 and the outside of the drilling tube 10sta@wn in figures 4 and 4a.

The freezing operation is effected by first introohg the freezing probe 20
described above into the drilling tube 10 as shawhgures 5 and 5a. The annular void
between the probe 20 and the tube 10 is filled witthermally conductive fluid, for
example brine, so as to provide satisfactory themoaductivity between the two and
thereby to favor the cooling of the latter.

Before effecting this filling, the seal of the embleng of the drilling tube to
the ground may be tested with water so as notttodace into the ground a fluid that
cannot be frozen.

The method then includes the step of chilling amgtZing the mass of saill,
during which a cryogenic fluid, in particular brinis caused to circulate in the freezing
probe, as shown in figures 5 and 5a. The latteuldtes in the probe between the inlet 24
and the outlet 26.

When chilling is not necessary the thermally conisrecfluid present around
the freezing probe in the drilling tube 10 may bbainkd and the freezing probe withdrawn.

The compensation grouting injection tube 30 is timroduced into the drilling
tube 10, as shown in figures 6 and 6a.

A plug 61 may be placed in the drilling tube 10tlsat the grouting exits only
via the orifices of the tube 10 situated shortha plug 61. The latter is for example an
inflatable bladder through which the injection tidiepasses.

Compensation grouting 55 is then injected intorttass of soil with the aid of
the tube 30, using the bore 2 that was used feeiing.
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During injection of the compensation grouting theaths 12 protecting the
sleeves 11 are expelled by the injection presdtrthe level of the orifices covered by the
sleeves 11 the embedding grouting 50 bursts erpbii@ compensation grouting to pass
because of the high pressure used to inject thex lat

In figure 6 the plug 61 is disposed so that thememsation grouting is injected
via the lowest outlets of the tube 10.

The compensation grouting may nevertheless be tegeat at least two
different levels into the mass of soil, as showrfigure 7, rising once injection via the
lowest outlets is finished, the plug 61 in the longj tube 10 above other outlets. Other
plugs may moreover be disposed so as to selecahes of the drilling tube where it is
wished to inject the cement grouting.

Injection may therefore be carried out selectivalyd the timing and the depth
of injection of compensation grouting may be colldbas a function of the progress of
the thawing of the mass of soil and the evolutibthe stability of the latter.

Bulbs 40 of compensation grouting are obtained radothe bore 2, in
particular at the level of the sleeves 11 of thiimly tube 10.

Finally, in a final step shown in figure 8, thelling tube 10 may be cleaned
after injection of the compensation grouting 55.

Of course the invention is not limited to that exdms that have just been
described and the drilling tube as well as theZirege probe may be produced differently
without departing from the scope of the presenemtvon. The freezing probe is for
example adapted to circulate liquid nitrogen. Th#ing tube may have no sleeves or be
configured differently.
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10

CLAIMS

1. A method for freezing and treating a mass of so#king it possible to
compensate for deformations of the mass of soinduthawing, including the following
steps:

a) producing at least one bore (2) in the massgigf s

b) at least partly freezing the mass of soil usanfyeezing fluid injected into
the bore, and then

C) injecting a compensation grouting (55) into thass of soil, using the bore
(2) that was used for freezing, during the thawplitase in order to at least partly
compensate for variations in the volume of the nods®il when the latter thaws.

2. The method as claimed in the preceding claim, tre (2) being produced
by means of a drilling tube (10) with or withouesVes (11) equipped at the end with a
drilling tool (15), the drilling tube (10) is lefh place during the freezing step and during
the step of injecting the compensation grouting.(55

3. The method as claimed in the preceding claim, tilkng tube (10) being
embedded in the mass of soil by injecting an emingddrouting (50) and then being
cleanable to drain it off the embedding groutin@)(before the freezing operation.

4. The method as claimed in either one of the immebligbreceding two
claims, the compensation grouting (55) being imdcat a pressure sufficient to fracture
the embedding grouting.

5. The method as claimed in one of the preceding claithe freezing
operation being effected by introducing a freezngpe (20) into the bore (2), in particular
into the drilling tube (10) in place.

6. The method as claimed in the preceding claim, inckwha thermally
conductive fluid is used to fill a space produceduad the freezing probe (20) in the
drilling tube (10).

7. The method as claimed in either one of the precetio claims, including
a step of drawing the freezing probe (20) befojeciimg the compensation grouting (55).

8. The method as claimed in any one of claims 5 thé& freezing probe (20)
including an outer tube (21) and an inner tube @&)osed inside the outer tube (21).
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9. The method as claimed in any one of claims 2 toh8, compensation
grouting (55) being injected with the aid of aneictjon tube (30) introduced via a plug
(61) disposed in the drilling tube (10).

10. The method as claimed in the preceding claim, thepensation grouting
(55) being injected at at least two levels into th&ss of soil, by moving the plug (61) in
the drilling tube (10) and using orifices of thdtéa preferably blocked by sleeves (11)
located at at least two different heights on theetu

11. An assembly designed for execution of the methodi@med in any one
of the preceding claims, including a drilling tu@d®) equipped with a drilling tool (15), a
tube (30) for injecting compensation grouting, tréling tube (10) being configured to
receive the injection tube (30) during the thawipigase, and a freezing probe (20)
configured to be fixed removably in the drillingoi(10).



