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Description

[0001] The present invention relates to a method for consolidating foundation soils, which is also used for lifting civil
building structures and artefacts of any kind (hereinafter globally indicated as buildings) by using expanding substances,
in particular resins.
[0002] Heretofore, consolidation techniques with expanding resins have been based on a technology that used some
fixed parameters as operating procedures, and in which the expanding resin was studied more in view of the need to
raise the structure rapidly, than of a real and definitive consolidation of the soils.
[0003] Such resins constituted by mixtures of polyols and MDI isocyanates were initially used to raise collapsed
floors, for example as described in US Patent 4,567,708.
[0004] Subsequently, such resins were progressively used also for injections under the foundations of buildings, at
different depths (see for instance the Italian patent application no. MI96A002520 and the corresponding European
patents EP 851 064 e EP 941 388).
[0005] Said patent in particular discloses the use of expanding resins with the ability to expand in free air at least
five times their initial volume, combined with a monitoring of the raising of the structure to be consolidated. According
to the teaching of said patent, consolidation should be deemed to be achieved when the structure starts to rise.
[0006] The building is monitored by generally using a laser level and a millimetric sensor applied to the building
structure to be consolidated.
[0007] Hence, to date the state of the art provides two teachings.
[0008] On one hand, the injection, both just below the foundation plane, and in depth, of the expanding resin by any
method (i.e. both injecting into multiple, vertically distanced points and into an entire vertical hole obtained in the soil,
as taught for example by the patent EP 851 064), but with the provision that the level of the overlying building must be
constantly monitored, taking for granted that in the moment when the building starts to rise a consolidation level ex-
ceeding the minimum one required for this intervention has been obtained. It was deemed that when the dynamic thrust
of the resin inside the soil discharged its power only upwards, and thus won over the force induced by the static load
of the building, that was the moment when the underlying soil could be considered, with reasonable certainty, consol-
idated.
[0009] On the other hand, the state of the art teaches the use of an expanding resin that is capable of increasing its
own volume by at least five times when expanding in free air (free air expansion means the expansion of the material
freely without said material being confined in a predetermined volume).
[0010] Little innovation was provided, relative to what is described above, by the patent EP 1 314 824, which simply
discloses the use, to consolidate soils requiring consolidation pressures exceeding 500 kPa, of expanding resins ca-
pable of developing pressures greater than 500 kPa.
[0011] However, these known technologies have some drawbacks.
[0012] A first drawback is caused by the fact that the moment of consolidation is identified as the moment when the
soil and/or the overlying building start to rise.
[0013] In the course of its direct and multi-year experience, the Applicant has noted that this system of determining
the consolidation of the soil has a high likelihood of error because it does not take into account the geo-technical
characteristics of the soil itself. Attempts have been made to overcome this drawback by conducting geo-technical
surveys, in particular performing penetration measuring tests.
[0014] Such tests are normally conducted by sampling in two or three points, adjacent to the building to be consol-
idated. Considering that the composition of the soils can vary very rapidly even at short distances, it would be necessary
to perform the tests in every injection point, which is a complicated operation, or even impossible in some cases, in
addition to being highly onerous.
[0015] The consequence of such difficulties is the lack of a parameter that allows to determine with reasonable
certainty the moment when the soil is consolidated and therefore, though injecting the expanding resin underneath a
building structure sooner or later always leads to its rise, only in some cases does that rise correspond to the definitive
consolidation of the foundation soil, meaning by definitive consolidation of the soil such a state of compaction as to
assure stable support to the overlying structure over time.
[0016] With the experience of thousands of interventions already made, the Applicant has observed that in some
cases the structure rises immediately with a few kilograms of expanding material injected into the significant pressure
bulb (for the definition of significant pressure bulb, see farther on), whilst in other cases, in spite of the repeated injection
of many kilograms of expanding material, the soil fails to rise or rises only slightly and it subsequently drops again after
a short time.
[0017] For example, if a soil collapse was not caused by a collapse of the surface layers of the soil, which are well
consolidated, but by a collapse of the deeper layers, the injection of an expanding substance into the surface layers
causes an immediate rise of the overlying structure. If the only check that consolidation has been accomplished is
based, as taught by the patents EP 851 064, EP 941 388 and EP 1 314 824, on the rise of the soil, it is immediately
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apparent that in fact a mistake is made, since in actuality there is only a false consolidation. The deep layers have not
been consolidated, in within a short time span they will cause the soil to collapse again.
[0018] The diversity of the results obtained in similar interventions, conducted in different sites, depends on many
concurrent factors, i.e. on the type of soil, on the presence or absence of cavities, on the amplitude of the foundation
plane, on the depth of the injections, and on the quantity of water contained in the soil.
[0019] Considering that, even in the presence of geological tests, the type of soil and its dynamic resistance can
determined with precision only in part, and that such data are in any case impossible to obtain or it is not economically
feasible to verify them in every point where the injections are to be made, merely monitoring the rise of the structure
is insufficient to determine with reasonable certainty whether consolidation has been achieved. It is therefore indis-
pensable to determine the state of consolidation of the soil in a different, more reliable manner than is provided by
currently known methods.
[0020] A second drawback of currently known techniques is linked to the type of resin used.
[0021] According to the operating procedures used today, although the aforementioned patents provide for the use
of resins with free air expansion coefficient of at least five times the initial volume, in practice the expansion coefficients
of actually utilised resins usually are 15-25 times the initial volume (operators in the industry are convinced that the
greater the expanding capacity, and the smaller the speed of expansion, the better are the results achievable in terms
of consolidation), whereto corresponds a free air density (i.e. a density after the resin has expanded in free air) of 40-66
kg/m3, and a compression resistance ranging from 4 to 5 kg per square centimetre.
[0022] However, it has been verified in the field that such resistance is merely theoretical, since these resins, ex-
panded nearly in free air, have an elastic behaviour if subjected to compression.
[0023] In the frequent case in which a resin with the characteristics described above is injected below the foundations
and into the foundation soil, and encounters voids due to wash-off, vertical fissures due to drying, or cavities of any
kind and nature, it momentarily expands until it fills the existing void as if it were in free air, thus assuming the com-
pression resistance characteristics described above.
[0024] In cases of this kind, it has been verified that the consolidation provided by the resin is absolutely insufficient
both to assure the necessary lift to support the structure and the durability of the consolidation intervention.
[0025] It is no accident that the result of many consolidation interventions conducted with expanding resins of the
kind described above has been to provide a momentary improvement of the static conditions of the structure but not
comforted by its duration over time, since the expanded resin, stressed by the load, tended slowly to compress, even
slightly, causing the re-opening of the cracks in the overlying structure.
[0026] In this situation, a technical task constituting the basis of the present invention is to provide a method for
consolidating foundation soils that overcomes the aforementioned drawbacks.
[0027] In particular a technical task of the present invention is to provide a method for consolidating foundation soils
in which the achieved consolidation can be determined with greater certainty than in currently known consolidation
methods.
[0028] Another technical task of the present invention is to provide a method for consolidating foundation soils that
assures the duration of the consolidation intervention over time.
[0029] The specified technical task and the indicated aims are substantially achieved by a method for consolidating
foundation soils as described in the appended claims.
[0030] Further features and advantages of the invention shall become more readily apparent from the detailed de-
scription of some preferred, but not exclusive, embodiments of a method for consolidating foundation soils, described
with reference to the accompanying drawings, in which:

- Figures 1, 2 and 3 respectively illustrate three successive operating steps of a method according to the present
invention.

[0031] The method for consolidating foundation soils of the present invention comprises a first operating step in
which a plurality of holes 1 is drilled in the soil 2 to be consolidated, appropriately distanced from each other, with a
distance between centres, for example, of one metre. In case of consolidation of an existing building 3, the holes 1 are
drilled in proximity to the foundations 4 thereof (Figure 1).
[0032] Said holes 1 can be drilled both vertical and inclined relative to the vertical, in particular in such a way as to
extend underneath the foundation plane.
[0033] Advantageously, the holes 1 involve the significant pressure bulb of the foundations 4, where the significant
pressure bulb is the area of the soil underlying the foundation plane, involved by a pressure, exerted by the foundations
4 themselves, of significant value. Conventionally, the significant pressure bulb is identified in a band of soil underlying
the foundation plane, as wide as the base of the foundations 4 and twice as deep (starting from the foundations) as
its width.
[0034] In the second step of the method are identified, along each hole 1, one or more injection points 5, in corre-
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spondence with which an expanding substance 6 will be injected into the soil to compact the soil itself.
[0035] Alternatively, the injection may also involve the entire hole 1, which thus coincides with the injection point 5.
[0036] As shown in the accompanying drawings, in the case of injection points 5 not coinciding with the entire hole
1, for each injection point 5 is advantageously inserted into the hole 1 a tube 7 whose lower end is in correspondence
with the injection point 5, and whose upper end 9 is accessible from the exterior by an operator 10. Obviously, the hole
1 must be drilled with sufficient diameter to allow the insertion of a number of tubes 7 equal to the number of injection
points 5.
[0037] Before starting to inject the expanding substance 6, it is necessary to determine a minimum quantity of ex-
panding substance 6 to be injected into each injection point 5, according both to the conditions of the soil in proximity
to the injection point 5 and of the characteristics of the expanding substance 6.
[0038] It is necessary, during the injection phase, to reach or exceed said minimum quantity, in order to assure that
the soil whereon the weight of a building 3 is definitively consolidated and stable.
[0039] In particular, according to the preferred manner of executing the present invention, the minimum quantity of
expanding substance 6 to be injected into each injection point 5 is determined according to the degree of humidity of
the soil in correspondence with the related injection point 5, in consideration of the fact that as water content increases,
soils become more prone to deformation and their resistance consequently decreases.
[0040] Therefore, before being able to determine the minimum quantity of expanding substance 6 to be injected, a
preliminary operating step is necessary during which the degree of humidity of the soil is measured in correspondence
with each injection point 5.
[0041] According to the preferred embodiment, the measurement of the degree of humidity of the soil is obtained by
measuring the electrical resistance of the soil itself, since there is a close correlation between the water content in the
soil and its electrical resistance.
[0042] As stated, into the holes 1 are inserted the tubes 7 for the injections which are usually made of copper or
aluminium, both materials with good electrical conductivity.
[0043] In consideration then of the correlation existing between the electrical resistance of the soil and its degree of
humidity, it is sufficient to connect with an appropriate instrument 11, to two adjacent tubes 7 driven into the soil, to be
able to measure the electrical resistance of the soil between them and thus determine the degree of humidity of the
soil in that area (Figure 2).
[0044] Advantageously in any case, in an enhanced version of the present invention, only the end of each tube 7
are made of conducting material, in such a way as precisely to locate the measurement in the exact injection point 5.
[0045] By conducting the measurement between each pair of (both horizontally and vertically) adjacent injection
points 5 it is possible to determine with good approximation the electrical resistance of the soil in that area.
[0046] For example, if for a hole 1 two injection points at different depths are planned, for each of them it will be
possible to measure the electrical resistance both in relation to the overlying or underlying injection point 5, and to the
two injection points 5 positioned at its sides in the horizontal plane (or anyway to the two injection points 5 closest to
it). By calculating the weighted average of the values thus obtained, it will be possible to determined with good precision
the electrical resistance of that area of the soil, and consequently the degree of humidity.
[0047] Depending on requirements, the number of measurements taken may be adapted to the individual operative
case. For instance, resistance may be measured in relation to a single injection point 5 for each hole 1.
[0048] As stated, the minimum quantity of expanding substance 6 to be injected depends on the characteristics of
the expanding substance 6, in particular on its expansion capacity.
[0049] The following Table 1 shows the free air expansion coefficients of seven types of expanding substance 6,
constituted by a resin of the type described below, generically designated with the letters A, B, C, D, E, F, and G.

The following Table 2 instead shows the minimum quantity to be injected for each of the resins of Table 1, as a function
of the electrical resistance of the soil (and hence of its degree of humidity).
[0050] The average data shown in this table refer to standard soils, such as clay or clay-silt soils with the presence
of sand and/or gravel, with few cavities of limited size. Moreover, the table was determined for injection points 5 posi-
tioned at a distance of one metre from each other.

TABLE 1

RESIN TYPE

A B C D E F G

EXPANSION COEFFICIENT OF THE RESIN USED 4.8 4.6 4.4 4.2 4.0 3.5 3.0

DENSITY AFTER EXPANSION IN FREE AIR OF THE RESIN
USED, kg/m3

208 218 228 238 250 286 333
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[0051] In general, the table must be obtained empirically for each type of soil and each type of expanding substance
6, by means of field tests. In particular, it will be necessary to verify with appropriate tests whether for a given quantity
of resin injected for each injection point 5 a good compaction is actually achieved or not (see also what is stated below
about monitoring the soil level).
[0052] Thus, if a table similar to Table 2 is available for each type of soil, once the resistance of the soil to be con-
solidated is measured in correspondence with each injection point 5, for each of them the minimum value of expanding
substance 6 to be injected can easily be determined.
[0053] In general, the minimum quantity of expanding substance 6 to be injected into each injection point 5 increases
as the free air expansion capacity of the expanding substance 6 decreases, and as the electrical resistance of the soil
[0054] in that injection point 5 decreases.
[0055] At this point the operator 10 can start injecting the expanding substance 6 into the soil in correspondence
with each injection point 5.
[0056] During the injection, the method of the present invention also provides for the continuous monitoring of the
level of the soil and/or of a building 3 bearing thereon to determine the rise of the soil itself, and for measuring the
quantity of expanding substance 6 injected into the soil, and comparing said value with the value of the minimum
quantity to be injected, determined for that injection point 5.
[0057] As shown in Figure 3, the injection is performed by the operator 10 by means of a gun 12 fed, through an
injection pump (not shown), from a tank (not shown) of the expanding substance 6 (or from multiple tanks, through
several pumps, when the expanding substance 6 is obtained by mixing two or more components in the injection point 5.
[0058] Both the injection pump and the conduits 13 which extend between the tank and the gun are appropriately
heated to maintain the expanding substance 6 at the optimal temperature, in known ways.
[0059] Advantageously, the operator 10 can be provided with a display 14 enabling to view the values of the quantity
of substance 6 injected and of the rise of the soil or of the building 3.
[0060] The injection of the expanding substance 6 is stopped when the injected quantity is at least equal to the
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minimum quantity, provided the soil and/or the building 3 bearing thereon have risen by a predetermined minimum
value, which is usually no less than 1 mm.
[0061] In general, the predetermined minimum value is not a constant, but must be determined for each intervention
according to the extent of the required consolidation (this value in particular varies with the extent of the collapses of
the soil which made the consolidation intervention necessary). Said minimum value can therefore vary also from one
point to another in the same intervention.
[0062] To assure an even better consolidation result, however, if, before reaching the minimum quantity of expanding
substance 6, the soil and/or the building 3 bearing thereon have risen by an amount exceeding a predetermined max-
imum value (also variable from one intervention to the other, similarly to the predetermined minimum value) beyond
which there is a risk of damaging the building 3, the injection step is cancelled and a new injection point 5 for which
the steps described heretofore are repeated. Said new injection point can be selected in the same hole 1 at a different
depth, in an extension thereof, or in a new hole 1 drilled in proximity thereto.
[0063] Said procedure may be repeated several times until an injection point 5 is identified for which a quantity of
expanding substance 6 at least equal to the predetermined minimum quantity can be injected.
[0064] The safety check described above is opportune in particular when although a soil collapse has taken place,
the surface layers of that soil are well consolidated, and the deeper layers were the ones that collapsed (as described
above in relation to the drawbacks of currently used techniques).
[0065] In this case, all injections will have to be conducted at great depth.
[0066] According to the preferred embodiment of the method of the present invention, an expanding substance 6 is
to be used which is able to expand its own volume in free air less than five times, and which consequently has, after
free air expansion, a density of at least 200 kg per cubic metre. Preferably, said expanding substance 6 has an expan-
sion coefficient of between three and five times.
[0067] Advantageously, said type of expanding substance 6 used has, after expansion in free air, a compression
resistance of at least 5 kg per square centimetre, and preferably at least 9 kg per square centimetre, with deformation
of less than 0.5%.
[0068] Preferably, the expanding substance 6 is a resin which expands by means of a chemical reaction, and which
is constituted by a mixture of two components, a polyol/polyether such as the polyol Eterol 317/X1 produced by the
Company Polychem System, and an MDI based isocyanate, such as the MDI isocyanate Desmodur VKS 20 F produced
by Bayer.
[0069] According to a different embodiment of the consolidation method of the present invention, two or more ex-
panding substances with different expanding capacity are injected into different injection points 5. Preferably, in any
case, all expanding substances to be used will have an expansion coefficient lower than five.
[0070] In particular, for a hole 1 where two superposed injection points 5 are planned, in each of said two superposed
injection points 5 may be injected two different expanding substances 6, chosen in such a way that the expanding
substance 6 injected into the deeper injection point 5 has greater expansion capacity than the expanding substance
6 injected into the less deep injection point 5.
[0071] The operating steps described above can be managed directly by an operator 10, or with the aid of a pro-
grammable electronic control unit which, for instance, can store the data relating to the electrical resistance of the soil
determining for each point the minimum quantity of substance 6 to be injected, monitor soil level and the quantity of
substance 6 injected and disable the dispensing of the substance 6 once the aforesaid conditions are met, or once the
predetermined maximum value of rise is exceeded.
[0072] The present invention thus achieves important advantages.
[0073] In the first place, the method for consolidating foundation soils of the present invention assures the ability to
determine with greater certainty than currently known consolidation methods the moment in which the soil can be
deemed to be consolidated.
[0074] The durability of the consolidation intervention over time is thereby assured.
[0075] Additionally, considering that on average foundations are computed to discharge on the soil from a minimum
of 0.2-0.3 kg per square centimetre to a maximum of 3-3.5 kg per square centimetre, an absolute lift of at least 9 kg
per square centimetre (as is assured by the method of the present invention which uses expanding substances able
to expand less than five times), and said term means that said load bearing capacity is guaranteed with deformations
of less than 0.5%, amply complies with all safety margins required by construction codes.
[0076] Said load bearing capacity was confirmed by conducting tests on samples of material expanded at atmos-
pheric pressure (in free air).
[0077] Comparative tests conducted on currently used expanding resins, with an expansion coefficient of 15-25 times
which entails theoretical compression resistance varying from 4 to 5 kg per centimetre square, have shown that the
application of a load of 4-5 kg per square centimetre to samples of such resins expanded in free air causes deformation
in proportion to the applied load, which highlight their indisputable elastic behaviour.
[0078] Additionally, the correlation between consolidation quality to the quantity of water present in the soil has prov-
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en, in numerous tests conducted, to be an optimal choice which combines ease of implementation with the reliability
of the information thereby obtained.
[0079] It should further be noted that the present invention is relatively easy to implement and that the cost connected
with the implementation of the invention is not very high, compared to industry standards.
[0080] The invention thus conceived can be subject to numerous modifications and variations, without thereby de-
parting from the scope of the inventive concept that characterises it.
[0081] All components can be replaced with other, technically equivalent elements and in practice all materials em-
ployed, as well as the shapes and sizes of the various components, may be any depending on requirements.

Claims

1. A method for consolidating foundation soils, comprising the operative steps of:

drilling a plurality of holes (1) in the soil;
injecting into the soil through each of said holes (1) at least an expanding substance (6) in one or more injection
points (5) to compact the soil in proximity to said injection points (5); and
monitoring the level of the soil and/or of a building (3) bearing thereon to determine its rise;

characterised in that it further comprises, for injection in each injection point (5), the operative steps of:

determining a minimum quantity of expanding substance (6) to be injected, both as a function of the degree
of humidity of the soil in correspondence with the related injection point (5), and of the expansion capacity in
free air of the expanding substance (6);
measuring the quantity of expanding substance (6) injected into the soil; and
comparing the quantity of substance (6) injected to said minimum quantity;

the injection of the expanding substance (6) being stopped when the injected quantity is at least equal to said
minimum quantity, and said soil and/or the building (3) bearing thereon have risen by a predetermined minimum
value, the consolidation being deemed to be effected in that moment.

2. A method for consolidating foundation soils as claimed in claim 1 characterised in that it further comprises, before
said step of determining the minimum quantity of expanding substance (6) to be injected, the operative step of
measuring the degree of humidity of the soil in correspondence with the injection point (5).

3. A method for consolidating foundation soils as claimed in claim 2 characterised in that said step of measuring
the degree of humidity of the soil is carried out measuring the electrical resistance of the soil itself.

4. A method for consolidating foundation soils as claimed in claim 3 characterised in that the electrical resistance
of the soil is measured between pairs of adjacent injection points (5).

5. A method for consolidating foundation soils as claimed in claim 3 characterised in that the electrical resistance
of the soil is measured between pairs of adjacent holes (1).

6. A method for consolidating foundation soils as claimed in any of the claims from 3 to 5 characterised in that the
minimum quantity of expanding substance (6) to be injected into each injection point (5) increases as the electrical
resistance of the soil in that injection point (5) decreases.

7. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that the
minimum quantity of expanding substance (6) to be injected into each injection point (5) increases as the expansion
capacity in free air of the expanding substance (6) decreases.

8. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
expanding substance (6) is able to expand its volume in free air by less than five times.

9. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
expanding substance (6) is able to expand its volume in free air by between three and five times.
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10. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
expanding substance (6) has, after expansion in free air, a density exceeding 200 kg per cubic metre.

11. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that for
said injection step an expanding substance (6) is used which, after expansion in free air, has a compression re-
sistance of at least 5 kg per square centimetre with deformation of less than 0.5%.

12. A method for consolidating foundation soils as claimed in claim 11 characterised in that the expanding substance
(6), after expansion in free air, has a compression resistance of at least 9 kg per square centimetre with deformation
of less than 0.5%.

13. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
expanding substance (6) expands by means of a chemical reaction.

14. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
expanding substance (6) comprise a mixture of polyols/polyethers and of MDI base isocyanate.

15. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
holes (1) are drilled vertical.

16. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
holes (1) are drilled inclined relative to the vertical.

17. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that, for
each hole (1), multiple injections of expanding substance (6) are performed in correspondence with injection points
(5) located at different depths.

18. A method for consolidating foundation soils as claimed in any of the claims from 1 a 16 characterised in that, for
each hole (1), a single injection of expanding substance (6) is performed for the entire length of the hole (1), said
hole (1) coinciding with a single injection point (5).

19. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
minimum predetermined rise value is at least 1 mm.

20. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
injection points (5) are located below the foundations (4) of a building (3) to be consolidated.

21. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that said
injection points (5) are located inside the significant pressure bulb of the foundations (4) of a building (3) to be
consolidated.

22. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that it
provides for the injection of two or more of said expanding substances (6) with different expanding capacity, into
distinct injection points (5).

23. A method for consolidating foundation soils as claimed in claim 22 characterised in that for at least a hole (1)
are provided two superposed injection points (5), and in that in each of said two superposed injection points (5)
are injected two different expanding substances (6), the expanding substance (6) injected into the deeper injection
point (5) having greater expansion capacity than the expanding substance (6) injected into the less deep injection
point (5).

24. A method for consolidating foundation soils as claimed in any of the previous claims characterised in that if the
soil and/or the construction (3) which bears thereon have risen by a value exceeding a predetermined maximum
value before said minimum quantity of expanding substance (6) has been injected, said injection step is cancelled
and a new injection point (5) is identified and for said new injection point (5) all said operative steps are carried out.

25. A method for consolidating foundation soils as claimed in claim 24 characterised in that the identification of a
new hole (1) is repeated until for an injection point (5) the injection of the expanding substance (6) is stopped
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because the injected quantity is at least equal to said minimum quantity, and said soil and/or the building (3) which
bears thereon have risen by said predetermined minimum value.

Patentansprüche

1. Verfahren zur Stabilisierung eines Baugrundes, enthaltend die Vorgehensphasen:

- Einarbeiten einer Anzahl von Bohrungen (1) in den Boden;
- Einspritzen in den Boden, durch jede der genannten Bohrungen (1), von wenigstens einer expandierenden

Substanz (6) an einem oder mehreren Einspritzpunkten (5), um den Boden in der Nähe der genannten Ein-
spritzpunkte (5) zu kompaktieren; und

- Überwachen der Ebene des Bodens und/oder eines auf diesem stehenden Gebäudes (3), um das Anheben
festzulegen;

dadurch gekennzeichnet, dass es ausserdem zum Einspritzen an jedem Einspritzpunkt (5) die folgenden Vor-
gehensphasen enthält:

- Bestimmen einer Mindestmenge an einzuspritzender expandierender Substanz (6), sei es in Funktion des
Feuchtigkeitsgrades des Bodens entsprechend dem betreffenden Einspritzpunkt (5), wie auch der Expansi-
onskapazität in freier Luft der expandierenden Substanz (6);

- Messen der in den Boden eingespritzten Menge an expandierender Substanz (6); und
- Vergleichen der eingespritzten Menge an Substanz (6) mit der genannten Mindestmenge;

wobei das Einspritzen der expandierenden Substanz (6) gestoppt wird, wenn die eingespritzte Menge wenigstens
der genannten Mindestmenge entspricht und der genannte Boden und/oder das darauf stehende Gebäude (3) um
einen vorgegebenen Mindestwert angehoben worden sind,
wobei in diesem Moment die Stabilisierung als ausgeführt betrachtet wird.

2. Verfahren zur Stabilisierung eines Baugrundes nach Patentanspruch 1, dadurch gekennzeichnet, dass es aus-
serdem, vor der genannten Phase des Bestimmens der einzuspritzenden Mindestmenge an expandierender Sub-
stanz (6), die Vorgehensphase zum Messen des Feuchtigkeitsgrades des Bodens entsprechend dem Einspritz-
punkt (5) enthält.

3. Verfahren zur Stabilisierung eines Baugrundes nach Patentanspruch 2, dadurch gekennzeichnet, dass die ge-
nannte Phase zum Messen des Feuchtigkeitsgrades des Bodens durch Messen des elektrischen Widerstandes
des Bodens selbst durchgeführt wird.

4. Verfahren zur Stabilisierung eines Baugrundes nach Patentanspruch 3, dadurch gekennzeichnet, dass der elek-
trische Widerstand des Bodens zwischen Paaren von aneinandergrenzenden Einspritzpunkten (5) gemessen wird.

5. Verfahren zur Stabilisierung eines Baugrundes nach Patentanspruch 3, dadurch gekennzeichnet, dass der elek-
trische Widerstand des Bodens zwischen Paaren von aneinandergrenzenden Bohrungen (1) gemessen wird.

6. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der Patentansprüche von 3 bis 5, dadurch ge-
kennzeichnet, dass sich die Mindestmenge der an einem jeden Einspritzpunkt (5) einzuspritzenden expandie-
renden Substanz (6) erhöht, wenn der elektrische Widerstand des Bodens an jenem Einspritzpunkt (5) abnimmt.

7. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass sich die Mindestmenge der an einem jeden Einspritzpunkt (5) einzuspritzenden expan-
dierenden Substanz (6) erhöht, wenn die Expansionskapazität der expandierenden Substanz (6) in freier Luft
abnimmt.

8. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass die genannte expandierende Substanz (6) in der Lage ist, ihr Volumen in freier Luft um
wenigstens das Fünffache auszudehnen.

9. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch



EP 1 536 069 B1

5

10

15

20

25

30

35

40

45

50

55

10

gekennzeichnet, dass die genannte expandierende Substanz (6) in der Lage ist, ihr Volumen in freier Luft zwi-
schen dem Dreifachen und dem Fünffachen auszudehnen.

10. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass die genannte expandierende Substanz (6) nach der Expansion in freier Luft eine Dichte
von über 200 kg pro Kubikmeter hat.

11. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass für die genannte Einspritzphase eine expandierende Substanz (6) verwendet wird, welche
nach der Expansion in freier Luft einen Kompressionswiderstand von wenigstens 5 kg pro Quadratzentimeter hat,
mit einer Verformung von weniger als 0,5%.

12. Verfahren zur Stabilisierung eines Baugrundes nach Patentanspruch 11, dadurch gekennzeichnet, dass die
expandierende Substanz (6) nach der Expansion in freier Luft einen Kompressionswiderstand von wenigstens 9
kg pro Quadratzentimeter hat, mit einer Verformung von weniger als 0,5%.

13. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass die genannte expandierende Substanz (6) mit Hilfe einer chemischen Reaktion expandiert.

14. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass die genannte expandierende Substanz (6) eine Mischung aus Polyol/Polyether und auf
Isocyanat basierendem MDI enthält.

15. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass die genannten Bohrungen (1) vertikal eingearbeitet sind.

16. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass die genannten Bohrungen (1) schräg im Verhältnis zu der Vertikalen eingearbeitet sind.

17. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass für jede Bohrung (1) mehrere Einspritzungen von expandierender Substanz (6) an den
Einspritzpunkten (5) vorgenommen werden, die in verschiedenen Tiefen angeordnet sind.

18. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der Patentansprüche von 1 bis 16, dadurch
gekennzeichnet, dass für jede Bohrung (1) eine einzige Einspritzung von expandierender Substanz (6) auf die
gesamte Länge der Bohrung (1) vorgenommen wird, wobei die genannte Bohrung (1) mit einem einzelnen Ein-
spritzpunkt (5) übereinstimmt.

19. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass der genannte mindeste festgelegte Anhebungswert wenigstens 1 mm beträgt.

20. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass die genannten Einspritzpunkte (5) unterhalb der Fundamente (4) eines zu stabilisierenden
Gebäudes (3) angelegt sind.

21. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass die genannten Einspritzpunkte (5) im Inneren des kennzeichnenden Druckkerns der Fun-
damente (4) eines zu stabilisierenden Gebäudes (3) angelegt sind.

22. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass es das Einspritzen von zwei oder mehreren der genannten expandierenden Substanzen
(6) von unterschiedlicher Expansionskapazität in die verschiedenen Einspritzpunkte (5) vorsieht.

23. Verfahren zur Stabilisierung eines Baugrundes nach Patentanspruch 22, dadurch gekennzeichnet, dass für we-
nigstens eine Bohrung (1) zwei übereinanderliegende Einspritzpunkte (5) vorgesehen sind, und dadurch, dass
in jeden der beiden übereinanderliegenden Einspritzpunkte (5) zwei verschiedene expandierende Substanzen (6)
eingespritzt werden, wobei die in den tiefer liegenden Einspritzpunkt (5) eingespritzte expandierende Substanz
(6) eine grössere Expansionskapazität aufweist als die expandierende Substanz (6), die in den weniger tief lie-
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genden Einspritzpunkt (5) eingespritzt ist.

24. Verfahren zur Stabilisierung eines Baugrundes nach einem jeden der vorstehenden Patentansprüche, dadurch
gekennzeichnet, dass, wenn der Boden und/oder die auf diesem stehende Konstruktion (3) um einen Wert an-
gehoben sind, der einen bestimmten maximalen Wert überschreitet, bevor die genannte Mindestmenge an ex-
pandierender Substanz (6) eingespritzt worden ist, die genannte Einspritzphase annulliert und ein neuer Einspritz-
punkt (5) festgelegt wird, und dass an dem genannten neuen Einspritzpunkt (5) alle genannten Vorgehensphasen
ausgeführt werden.

25. Verfahren zur Stabilisierung eines Baugrundes nach Patentanspruch 24, dadurch gekennzeichnet, dass die
Festlegung einer neuen Bohrung (1) wiederholt wird, bis für einen Einspritzpunkt (5) die Einspritzung der expan-
dierenden Substanz (6) gestoppt ist, weil die eingespritzte Menge wenigstens der genannten Mindestmenge ent-
spricht und der genannte Boden und/oder das auf diesem stehende Gebäude (3) um den genannten vorgegebenen
Mindestwert angehoben worden sind.

Revendications

1. Procédé de stabilisation du sol pour fondations, comprenant les étapes opérationnelles suivantes :

- percer une pluralité de trous (1) dans le sol ;
- injecter dans le sol par chacun desdits trous (1) au moins une substance(6)expansive dans un ou plusieurs

points d'injection (5) pour compacter le sol à proximité desdits points d'injection (5) ; et
- effectuer le monitorage du niveau du sol et/ou d'une construction (3) posée dessus pour déterminer son

soulèvement ;

caractérisé en ce qu'il comprend en outre, pour l'injection dans chaque point d'injection (5), les étapes opéra-
tionnelles suivantes :

- déterminer une quantité minimale de substance (6) expansive à injecter, en fonction aussi bien du niveau
d'humidité du sol en correspondance avec le point d'injection relatif (5), que de la capacité d'expansion à l'air
libre de la substance (6) expansive ;

- mesurer la quantité de substance (6) expansive injectée dans le sol et
- comparer la quantité du substance (6) injectée avec ladite quantité minimale ;

l'injection de la substance (6) expansive s'arrêtant lorsque la quantité injectée est au moins égale à ladite quantité
minimale, et ledit sol et/ou la construction (3) posée dessus s'étant soulevés d'une valeur minimale préfixée, la
consolidation étant considéré effectuée à ce moment-là.

2. Procédé de stabilisation du sol pour fondations selon la revendication 1 caractérisé en ce qu'il comprend en
outre, avant ladite étape de détermination de la quantité minimale de substance (6) expansive à injecter, l'étape
opérationnelle de mesure du degré d'humidité du sol en correspondance avec le point d'injection (5).

3. Procédé de stabilisation du sol pour fondations selon la revendication 2 caractérisé en ce que l'étape de mesure
du degré d'humidité du sol est effectuée en mesurant la résistance électrique du sol même.

4. Procédé de stabilisation du sol pour fondations selon la revendication 3 caractérisé en ce que la résistance
électrique du sol est mesurée entre paires de points d'injection (5) adjacents.

5. Procédé de stabilisation du sol pour fondations selon la revendication 3 caractérisé en ce que la résistance
électrique du sol est mesurée entre paire de trous (1) adjacents.

6. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications de 3 à 5 caractérisé
en ce que la quantité minimale de substance (6) expansive à injecter dans chaque point d'injection (5) augmente
lorsque la résistance électrique du sol diminue dans ce point d'injection (5).

7. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que la quantité minimale de substance (6) expansive à injecter dans chaque point d'injection (5)
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augmente lorsque la capacité d'expansion de la substance (6) expansive à l'air libre diminue.

8. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que ladite substance (6) expansive est en mesure de dilater son propre volume à l'air libre moins de
cinq fois.

9. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que ladite substance (6) expansive est en mesure de dilater son propre volume à l'air libre de trois
à cinq fois.

10. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que ladite substance (6) expansive possède, après une expansion à l'air libre, une densité supérieure
à 200 kg par mètre cube.

11. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que pour ladite étape d'injection une substance (6) expansive ayant, après une expansion à l'air libre,
une résistance à la compression d'au moins 5 kg par centimètre carré avec une déformation inférieure à 0,5% est
utilisée.

12. Procédé de stabilisation du sol pour fondations selon la revendication 11 caractérisé en ce que la substance (6)
expansive possède, après une expansion à l'air libre, une résistance à la compression d'au moins 9 kg par cen-
timètre carré avec une déformation inférieure à 0,5%.

13. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que ladite substance (6) expansive se dilate par réaction chimique.

14. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que ladite substance (6) expansive comprend un mélange de polyols/polyéthers et d'isocyanate à
base MDI (di-isocyanate de méthyle).

15. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que lesdits trous (1) sont percés verticalement.

16. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que lesdits trous (1) sont percés inclinés par rapport à la verticale.

17. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que, pour chaque trou (1), sont réalisées plusieurs injections de substance (6) expansive en corres-
pondance avec des points d'injection (5) placés à différentes profondeurs.

18. Procédé de stabilisation du sol pour fondations selon les revendications de 1 à 16 caractérisé en ce que, pour
chaque trou (1), est réalisée une injection unique de substance (6) expansive pour toute la longueur du trou (1),
ledit trou (1) correspondant à un point d'injection unique (5).

19. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que ladite valeur minimale préfixée de soulèvement est d'au moins 1 mm.

20. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que lesdits points d'injection (5) sont placés en dessous des fondations (4) d'une construction (3) à
consolider.

21. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que lesdits points d'injection (5) sont placés dans le bulbe de pression significatif des fondations (4)
d'une construction (3) à consolider.

22. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce qu'il prévoit l'injection de deux ou plus desdites substances (6) expansives avec des capacités d'ex-
pansion différentes, en différents points d'injection (5).
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23. Procédé de stabilisation du sol pour fondations selon la revendication 22 caractérisé en ce que pour au moins
un trou (1) deux points d'injection (5) superposés sont prévus et en ce que dans chacun de ces deux points
d'injection (5) superposés sont injectées deux substances (6) expansives différentes, la substance (6) expansive
injectée au point d'injection (5) plus profond ayant une capacité d'expansion supérieure par rapport à la substance
(6) expansive injectée au point d'injection (5) moins profond.

24. Procédé de stabilisation du sol pour fondations selon n'importe laquelle des revendications précédentes carac-
térisé en ce que si le sol et/ou la construction (3) posée dessus se sont soulevés d'une valeur supérieure à une
valeur maximale préfixée avant que ladite quantité minimale de substance (6) expansive soit injectée, ladite étape
d'injection est annulée et un nouveau point d'injection (5) est identifié et pour ce nouveau point d'injection (5) toutes
lesdites étapes opérationnelles sont effectuées.

25. Procédé de stabilisation du sol pour fondations selon la revendication 24 caractérisé en ce que l'identification
d'un nouveau trou (1) est répétée jusqu'à ce que pour un point d'injection (5) l'injection de la substance (6) expan-
sive est interrompue parce que la quantité injectée est au moins égale à ladite quantité minimale et ledit sol et/ou
la construction (3) posée dessus se sont soulevés de ladite valeur minimale préfixée.
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