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1
METHOD FOR INCREASING THE BEARING
CAFPACTTY OF FOUNDATION SOILS FOR
RUILT STRUCTURES

BACKGROUND OF THE INVENTION

‘the present ipvendon relates 10 a method for mcressing
the bearing capacity of foundation soils for built structures,
inchuding bwildings, roadway slabs, airport runaways and
equipment supporting slabs.

Any building rcquires the foundation oil 10 have a
sufficient bearing capacity to support it. Otherwise, the
settling of the foundation soil leads to the failure of the
everlying building, regardless of whether the settling ocoums
in the uppetmost or in the deep layers.

Before erecting any building, the bearing capacity of the
soil is therefore estimated acoording to the weight or Toad
which the building will apply to the soil, even wsing, if
necessary, appropriate soil research, such ag for example
geclogical and geotechnical research.

In order to ensure the stability of the structure, the
optimum dymensions of the foundations and their ngidity arc
calculated and the depth of the foundations iz also
determined, adequately balancing their weipht in relation o
the bearing capacity of the sofl and always maintaining 2
%:)ﬂnd safety margin. Tn case of error, the building may in fact

Ofien, however, the bearing capacity of the foundation
=oil is not sufficieat, sincx the soil is compressible, as in the
case of filled-in lapd, non-cossclidated land, land with
decomposing organic layers, peaty land, swampy land, land
with congiderable variations in water conient, flooded or
washed-ont Jand with voids or with non-wniform or insuf-
ficiently aggregated masses, land with intersiitial voids, ot
cotera; or the building & very hoavy and requires a greater
braring capacity than the actwal bearing capacity of the
foundation soil.

Various conventional systems egsufe I any case the
stability of the bailding. Geoerally, these systoms tond to
dircctly transfer the waight of the building to the deeper and
adequately solid soil Liyers or to spread the load over a wide
ground surface, sech a5 for example the method consisting
in driving piles or micropiles and the fike into the frundation
soil. This method can be used both before and after can-
sruction.

Of gourse, the driving of piles and micropiles or the like
after the constraction of the building is cxremely compli-
cated and expensive.

Conventional methods alsd cope with any subsidence of
the building afler ils construction, such as for example the
method described in U.S, Pat. No. 4,567,708, which entails
the injcction of an expandable substance beneuth the bujld-
ing 1o Gl (he inlerstices which have fommed snd have caosed
the subsidence and in order o recover the subsideace of the
building, or other Lifting methods,

Tn the rethod disclosed in the above-cited patent, 2s well
as in other lifting systems, however, the foundation soil is
ool treied; ot the most, one acts on the surface layers of the
soil, and therefore if the underlying soil bas not settled
enough, further subsequent subsidence of said building wifl
oocur over leme.

A method for ground consolidation vsing, an expandable
substacce, in which the expansion time is controlled to be
slow or very slow, i% knowa from the document DE-A-33 32
256,
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SUMMARY OF THE INVENTION

A principal aim of the present invention is to solve the
sbove problems by providing a method capsble of ensuning
the stability of built structures, including buildings, roadway
slabs, airport ruoaways and equipment supporting slabs, by
adequately treating the foundation soil in order to increage
its bearing capacity. The tepm “foundation soil™ is intended
to designate that part of the soil having mflucoee on the
overlying built stracture ot that the direct or indirect influ-
ence of the built structure {J. Coltas snd M Harvard, Manu-
sle di Geoleenica, Faenza, Editrice 5. B A, 1986).

Within the scope of this aim, an object of the present
imvention is 1o provide a method which does not require the
usc of cement, concrele, or metal structures driven into the
ground, such ax piles, micropiles, cement injeciions, very
decp fonndations. sicetera.

Another object of the present invention is Io provide a
methet which is simple and casy to perform and can be
adopted o inareasc the bearing capacity of foundation snls
both before and after copstruction of the building,

This aim, these objects, and others which will become
apparent bereinafter are achicved by a method for increasing
the bearing capacity of foundation soils for built struciures,
according to the present invention, comprising the steps sci
forth in claims.

BRIEF DESCRIFTION OF THE DRAWINGS

Fuarther characicristics and advantages of the present
invention will become appatent frorm the following dotailed
deacription of a prefernsd but not exclusive embodiment of
the method according to the invention, illustrated only by
way of pon-limitstive cxample in the accompanying
trawings, whersim

FIG. 1 iz 3 schematic view of the injection of the
expandable substance throwgh holes formed in the soil;

K5, 2 and 3 are views of the result of the expansion of
the cupandable substance when the mubstance ie injecred
whilst the tube uscd for injection is graduzlly retracred
upwards, mspectively with pauses at intermediate depih
levels or with a contimious motion;

F1G. 4 ig a view of the result of the cxpanzion of the
injected substance in the case of sequential injections per-
formed with different tubes, inserted in different holes,
points spaced from each other and at different depths;

FiG. % is a schematic view of ao injection operation,
aceording to the jovention, with constant monitoring of the
sinking recovery of a building foundation;

FIGS. 68 are comparative diagrams of dynamic penetro-
metric tests carcind out on a soil srea treated scoording to the
invention;

FIG. 9 is a sectional view of 4 #o0il acea treated in
sevordance with the mveniion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The method according to the preseot invention substan-
tially consists in formimg in the soil a phecadity of heles 1
which, if one must act op existing builditgs, may or may not
pass through the foundation, at differcol depths and prefer-
abily with & distancs belwesn two comtiguous holes 1 which
can vary between 0.5 m amed 3 m.

The holes 1 can have variable dimensions according to
requirements and can be provided substamtially vertically or
at an angle with respect fo the vertical.

Fa&GE A3
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The depth of the boles may also vary according to
requirctnents, a¢ will become apparent hereinafter.

Tubes 2 are then inserted or driven into the holes 1 and a
substance 3 expanding as a consequence of a chemieal
reaction between the components, with 2 potential volume
increase of at least five times the volume of the substance
before cxpansion, 14 mjocted into the soil through said tubes.
‘the expression “potential volume incroase”™ relates to the
volume incresse of the substance as a consequence of an
expapsion ocourring unhindered at aumospheric pressupe.

High expansion cocfficients of 20-25 times the initial
volume or even higher such as 30-33 may be preferred.

The cxpandable substance i conveniently constitated by
a mixtre of expandable polyurcthane foam, preferably a
clozed-cell polynrethane foam. This substance can be
constituled, [or sxample, by 4 two-part [pam mixed inside a
mixing mit 4 conpected to the mjection mbes 2, The first
component can be s mixture of polyels comprising a poly-
ether polyol and/or a polyester polyol, & catalyst, such as
RESINOL AL 543 produced by the Duteh company Resina
Chemie, and water. The water in the composition may be
3. 44% by weight. The second compooent can be an Bocy-
anate MDD, such as URESTYL 10 manufacnired by the same
company. The mixing of these two components produces an
expandable polyurcthane foam the density whereof, at the
ed of cxpansion, varics according to the resistance opposed
by the zoil adjacent 1o 1be Djection regioa.

The mixture may cxpand up to about 33 times its initial
volume and the reaction time is of aboul 26 scconds, ax it
appears from the technical specifications of the manufac.
mrer.

It is of courre also possible to use other expandable
subatances having similar propetvics without therchy aban-
domng the scope of the protection of the present mvention.

According to requircrgents, the cxpandable substance can
be imyecied thrmough the holes 1 formed beforohand in the so1l
it & #ingle injection stép, as shown 10 FIGS. 1, 2, and 3,
starting from the botton, whilst the injection tube 2 gradu.-
ally retracted upwards, optionally with intermediate pauses,
as shown in TIG. 2, s0 a3 to obtain different oolimns of
hardened and expanded substance, or the substance can be
mjected, optionslly by performing sequentis] injections at
fixed and different depthe in points which are three-
dimensionally and uniformly spaced from each other 8o as
w obmin pkms of cxpamded aod bardoned =ubstance
withio the foundation 3oil, a% shown m particular i FIG. 4,
according to requiretnents and according o the geological
characterigtics of the goil, In this last case, the tubes used for
injection are left in the soil,

Once the substance 3 has beea injected, since it has alzo
penetrated in any voids and fractures of the soil thanks o its
Buirdity, expanding with great force and speed o all
directions. it generates a force which compacts and com-
presses the soil all arpund, climinating by compression or
filling all voids and microvoids, even extremely smalt ones,
expelling most of the water impregnating the soil, possibly
apglomeratiog Joos: parts (granules and noncobesive paris)
until a mass of soil is obtained which, throughout the treated
layer, can no longer be compressed in refation to the weight
that it has or will have o bear.

It should be noted that the cxpandable substance mnjected
at different depths, in appropeiately calculated points having
a specific distance from each other, or along ascending lines,
duripg expapsion avtomatcally flows towards the more
compressible points, which as such offor loss resistance o
the expandable substance. In this maoner, the regions which
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most need treating are anlomatically treated more intengely,
without leaving spaces with untreated regions.

The immediate dature of the expansion of the injected
substance also allows bo delimit the expansion region rather
precisely, thus allowing to localize very we, in the intended
points, the cffect to be produced. The intemse presaure
applicd by the injocted subatance 10 the surrounding soil is
in fact due to the expapsion cansed by the cheimnical reaction
and is not cansed by hydraulic pressure, The cxpandable
substance is injected through a hydraulic pressure which,
however, only has the purpose of mirgducing ihe subsiance
in the choscn points.

The irnmediate maction of the injected substance, in terms
of cxpansion and curing, prevents its migration to faraway
arcas, where a slow reacting substance may ingiead arrve. In
fact, the slower the expansion reaction is (he farther the
substance arrives, i the detriment of the precise delimita-
tion of the expansion effect and with consequent increase of
the injection substance consnmphon.

Advantageously, since in the conditions of the invention
the consmelidation hes a focused effect with low substance
consnmption, injection tubes may be used providing suffi-
citnt injection substapce flow rates which have an inner
diameter, for example of 10 v, thus being easily insertable
into and tetractable from the soil. Tube dismeters being
smaller or larger by some millimeters are also usable.
Anyway cmploying tbes with much larger diameters, of
about 2 om or more, difficult to drive into the soil, for
obtaining high substance flow rates is not necessary.

Ta cfficiently locahize the <ffcet of the consolidation, the
mjection way be carried out, with intermediste peuses. For
example Ijection pérods of 15 seconds may be aliernated
with pauses of 1-2 seconds or even longer. The durations of
Ihe aciive injection aod respectively of the altemating pavse
periods are in fact selectable to be the more suitable con-
sidering factors such as the imjoction depth, the imection
substanes composition the length and the cross section of the
injection tubes.

For obtaining a more rapid cxpansion reaction of the
injected substance withowt having to swilch to other
compositions, where necessary, it is possible 1o maie by
heating the temperature of the substance just beforc the
imjection operation,

As regands the bole depth, two different methods can be
perfonned.

A first method congists in tresting the entire thickness of
the soil layers which are compressible or have a low bearing
capacity, so as to perform consolidation up t© the solid
horpron of the layers baving a sufficient bearing capacity,
regandless of their deplh. The solid honzon can be delecied
by means of geotechmical rescarch conducted on the sml.

The second method instead consists in {reating a layer of
soil which, for reasons related 1o technical and/or economic
convenicocs, does not reach down to the idealifiod =molid
horizon, which might be located at an excessive depth, but
is in any case thick enough to distribute the overlying weight
over a wider surface. The layer of soil trealed wilh the
method according to the invention, by constituting a suffi-
ciently compact, solid, and in agy case light layer, can be
effectively and broadly supponted by the underlying layers
of goil, even if those layers would pot otherwise have a
sufficient bearing capacity.

Uuntif pow, injection depth of up to 6 m have been
successfully éxperimented, but with adapled tube cross-
sections and accurately controlled substance injection flow
rates, greater imjéction depths may be attained.

FaGE

1a



11/14/2883

l@:1a 71337321686

URETEK US& IHGC

US 6,634,831 B2

5

The cxpansion of the injected substance following the
chemical reaction of it components is very [ast and devel-
ops a very high expansion force: up to 40 (ons per square
meter or sven higher.

During imjection, the level of the overlying building or of
the surlace s0il can be constanilly monitored by means of
laser level § or another system (see TTG. 8). When the
apparatus § indicates that the building or the goil surface
begins (o rise, thiz generally means that the compaction of
the soit, in three dimensions all aroand the injection point,
his teached very high levels which are gencrally higher than
the required minimum values,

Through the constant mopikring operation, the precise
moment when the soil begins rising at a precise spot, duc to
the narrowly fornsed cxpansion force, and further the exact
amount of the lifting are accurately detected and may be
controlled in real time,

The mass of injected substance, by reacting chemically, in
fact expamds with great foree in all dircetinns, and when the
apparatus detects cven a small rise af the surface, this means
that the expandable substance has encountered less resis-
tance in expanding in the vertical direction with respect to all
other dircctions and that therefore the soil lying below and
around the jnjected substance withstands and “rejects™ all
the weight (which is dynamic and therefore multiplied) not
ooty of the entire mass of soj] (and of any building) which
rests statically therecn, but alzo of all the surrounding mass
displaced (by friction and cohesion) at a load diffusion angle
which & wsually calculaled al annmd 30° and s suoply
invened, The raised soil, too, undergoss compresaion,

By repeating this operation at different depth levels
{spaced by approximately 1 meter from esch other, bnt
variably sccording to the kind of soil and to the bearing
capecity to be obiained), at cach level, a greater bearing
capacily is obtzined than the required onc. By acting in this
last mamer and by pedforming cootinuous mjectons along
rising columns, wherein tree-like shapes zre formed with a
very irrcgular configuration, with protrusions, bumps, and
projections even of considerable size produced by the dif-
ferent resistance of the soil to compaction and to the possible
presence of interstices or fractures in the soil, in any case the
entire mass aod the eated layer of sofl are compressed,
packed and compacted; the water content decreases Gonsids
crably: and the goil becomes a valid foundation soil adapicd
:.u fllnbly support the building which lies above or is 10 be

ilt.

The expandable substance can have a density varying
indeed aceording ta the reistance opposed by the surround-
ing soil 1o its expansion. In most ceses, demsity can vary
herween 100 kg/m® and 300 kp/m®. There may also he
hiphar densities, since the density of the 2xpanded substance
is directly proportional to the resistancs which it encounters
1o it8 expavsion. The compression resistance of the
expanded substance itself iz a function of density.

A substance with 3 density of 100 kg/m® offers a resis-
rance of approximately 14 kg/om®, whilst at & density of 300
kg/m* compression resislapee is approximawly 40 kyfom®.
Theae values are far higher than those normally required for
a foundation sotl. In any cuse, where higher compression
resistance values are required, even at differcnt depths of the
same soil, there is also a preater weight and therefore a
higher resistance to cxpansion; accordingly, a depser and
therefore stronger material forms antomatically,

In any case, it is posaible 10 momentarily add weight 1o 2
soil surface or 10 & building,

Tn praciie, the injectud and hardenead expanded substance
does ttot support the overlying building on its own, though
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helping to achieve this porpose; the weight of the bullding
is effectively supported by the foundation soil treated with
the method socording o the invention.

In practice it has been observed that the method according
to the inveation fully achieves the intended aim and objects,
since it allows, i1 a very simple, rapid, effective, and final
matmer, to increasé the bearing capacity of foundation soils
until they fully comply with construction requiseents.

"I'ypically, in what scems io be a general trend in ground
consolidation techmiques, see for example the document
DE-A-33 32 256, a very rapid expansion, with very high
expansinn cocfficients, creating rapidly increasing, pressures
in the treated soil, is purposely avoided, since it was shown
to provoke uowanted, mainly vertical, fissures in the trested
mass ground.

In the conditions of the invention, however, it has sur-
prisingly been noted that fissures ocoirring between soil
masses, not only do not affect the soil compaction, but can
inn fact be advantageously exploited.

Technical tests and sudics, camied out on built lots where
the coosolidation method of the mveption hag been nzed,
have demonstrated that the cxpansion of the mjected mate-
rial occurs first in diections where the soil offers less
resisiance, but only for a imited extent. In the case of a built
spot this happens, in the first place, laterally to the founda-
tion and not in the vertical direction, where the weight of the
building acts.

Only afier tbe grovm] compachion degree is such s o
provide a resistance to the lateral cxpansion forces well
cxcocding the weipht foree cxericd by the building, a
vertical force is obtained such as to raisc the foundation and
the building. In fact it is not only the weight of the tuilding
which has 10 be compensated for, but also other resistant
Fortges, snch us punt of 1be weight of adjscent consiructions,
lateral friction forces and the flexural strepgth of the built
structure itsclf,

‘While sn immodigtc reaction of the injected material, in
terms of cxpansion and solidification, may provoke indeed
fisuves between soil masses forced 1o move with reapect 1o
cach other by rapidly increasing, strong forces, a certain
guangity ol the injecied subsianes appesrs in facd o £11 up
the fismres 5o as to “weld™ satisfactory the soil masscs, at
lcast in the arca to be consolidated, which is immediatcly
close to the injection site and under the foundation of the
built structure. For exemplification see FIG. %, where a
“welded™ fissurc may clearly bo scen.

Pepetrometric tests, the recults whereof are shown i the
diagrams of FIGS. 6-8, have been carried owt both uwnder
Iniilt spots treated with the consolidation method acoording,
to the mvention, after a sodl lifting has been sensed by the
lovel apparatus, and lateraily therzto, in close vicinity, at
about 20 cm from the foundation.

From these diagrams showing comparatively the soil
bearing capacity befor¢ consolidation (the pot shadowed
prisms) and aftet the consolidation {the shadowed prisms),
clearly appesrs thal the main consolidsios oeeuts vider \he
foundation, between 120 and about 308 cm of depth (I1G.
§), while at only 20 cm laterally from the foundation, the
consolidation appears, at the same depths as before, signifi-
cantly diminished (FIG. 7).

It 1 believed that this clearly shows the focused effect of
the consolidation cakried ol according o the invention
which practically provides a potewonhy reinforesment of
mainly the soil under the foundations.

The diggram of FIG. 8, drawn in the condition where an
amount of cxpandable substance has boen injected which
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has not provoked any detectable lifting reaction of the soil
under ihe builditg foutwlation, shows that in facl, lalerally,
at only 20 ¢m from the foundation, practically no effective
soil compaction hae ocourred which would have allowed
generation of the vertical foree necessary to the lifting and
thereby also limiting the arca where fissurcs may occur,

The method according fo the invention bas successfully
been apphed to consolidate the prowmd and 1o compensate
subgidences under heavily loaded foundations In airports,
suck as those of the runaways, in imdusirial and commescial
constructions such as those of madways and equipment
supporting glabe, a3 well as under very old, historic build-
ings apd at archacological sites.

Checkings of treated sites have been made recently, and
have all given satizfactory results. The inspections have been
carried out m accordence with a procedure approved by the
French Control Institute SOCOTEC consisting substantislly
in injecting, at a site selected by an inspector in a treated
wone, at random, a small gquantity of the injection substance
{about 20% of the quantity initialky injected). The reanlt has
been considered positive if the injection wiggered ot least a
mummuim lifting effect of the soil surface.

The method tius coneeived is musceptible of pumerons
modifications and variations, all of which are within the
seope of the inventive concept; all the details may further-
more be replaced with other techpically equivalent elerments.

What is claimed is:

1. A method for increasing the bearing capacity of foun-
dation soils for built a structures comprising: providing a
plurality of holes spaced from cach other, nnder the foun-
dation of a built sthucture, deep in the foundation soil;
injecting into the Fonrdation soil, through said holes, a
subatance which expands ax a consequence of a chermical
reaction; producing compaction of the foundation aoil con-
tignous to the injection one due to the expansion of said
substanice injected into the soil; constantly monitoring level
variations of the soil andfor buili structures overkying the
injection 2one v detect the moment when the built structures
and/or the s0il surface, overlying injoction zone, begins to
taige which s the moment in which the compaction of the
foundation soil has reached levels gencrally higher then a
requiret minimwm valve al which the soil lying below and
arsund said injeclion woos withstamds and ejects dynamic
and static weights exerted thereon by said built structures
andd by overying and adjacent soil masses, and wherein the
expansion of the mjected substance is cry fast with a
potetitial incremse in volume of the expanded substance
being at least five times the volume of the substapce hefore
r.xpanmnn.

2. A method aecording to claim 1, wherein the injecting
step i3 repeated at different depth levels for producing
compaction of the masses or layers of treated soil.

3. A method according to cleim 2, wherein said different
depth levels are spaced by approximately 1 m from each
other, at each level a greater bearing capacity than the
required minimum value being obtainable.

4. A method according to claim 1, wherein said monitor-
ing step it performed with a Iaser level apparatus.

3. A method according to claim 2, wherein said holes are
provided verlicully, the ipjection sieps being performed
comiinuousty along rising columns wherein tree-liloe shapes
arc formed with a very itregular confipuration with
prowusions, bumps ind projections of considerable size
produced by different resistance to compaction of the soil,
and by the presence of interstices or fractures in the soil.

6. A method according to claim %, whergin an entire
thickness of the soil layers which are compressible or have
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low bearing capacity ia treated 5o as to perform consolida-
ton up to the solid horizon of the layers baving a suffieient
beaning capacity regandless off the depth st which the solid
horizon s located.
7. A method according to claim §, wherein the cxpandable
substance 15 selected from substances: adapied to produce
immediate expatsion.
8. A method according to claim ¥, wherein the ¢tpandable
substance comprises 3 mixture of two companents, the first
beig a polysther polyol and/or a polyesther polyol, a
catalyst and water, and the second being the isocyanafe
MDI,
§. A method according to claim 5, wheremn the distance
berween two adjacent holes is between 0.5 m and 3 m.
16 A method according to claim 9, whentio said holes are
provided at an angle with respect to the vertical,
11. A method according ta claim 2, wherein the injection
step comprises several active injection phases aliemated
with suitable pauses.
12 A meihod accordiog 1o cluim 1, wherein the imjection
substance s heated just before the mjection step.
13, A method according to claim 8, wherein the water
sontent 15 of 3.44%, by weight.
14. A mcthod according to claim 11, wherein in the
injection step, tubes are used throuph which the expandable
substance is injected into the soil, the tubes having an inner
diameter of about 10 mm,
15 The method of claim 2, wherein the buill structures
inchide aoy of: buildings, roadway slabs, atrport runaways,
and equipment supporting slabs,
16. A method according to cldm 6, wherein the expand.
able substance is a sabstance comprising @ mixture of
polyals and an tsocyanate MDE.
17. A method for increasing the bearing capacity of
fonndation soils for built structures comprising:
providing a plurality of holes spaced from each other deep
m {he foundation soil;

providipg an cxpandable substance with very [ast cxpan-
gion tinoe and with a potential increase in volume of the
cxpanded subsiance being at least five times the volume
of the substance before expansion;

injecting into the soil, through said holes, said substance

which cxpands as a consequence of & chemice]
reaction, the injection being performed continnously
along rising columns,

producing compaction of the soil contignous to each

substance injection zose due w expangion of amd
substance injected into the foundation soil which
forms, along said columns, wree-like shapes with imegu-
lar configuration including protrusivns, bumps and
projections produced by different resistapce to com-
paction of the foundation soil and due to voids, inter-
stices or fractires present noder said stracture and into
the foundation soil; and

constantly monitering level variations of the soil surface

and/or built structure overlying the injection zone to
detect a moment when the tailt structure and/or the soil
srface, overlylng said injection fone, beging 1o raize
which is (he mumenl when the compactioe of the soil
has reached levels generally higher tham a required
minimum valuie at which the soil lying below and
around said injection zone withstands and rejects
dynamic apd static weiphts exerted thereon by said
tuilt structures and by and adjacent soil masses.

18. The method of claim 17, wherein said holes are
provided in the foundation soil to have a direction selected
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to be apy of a vertical divection and a direction forming an
angle with respect to the vertical direction.
1%. The method of clan 18, wherein the buill siruciures

inchide any of: buildings, roadway slabs, airport ninaways,
5

and cquipment supporting slabs.

20. A method for increasing the bearing capacity of
foundation soils for built somemres. comprising:

providing a plurality of holes spaced from cach otber,

under the foundation of » built structure, desp in the
fourdation soil;

providing an cxpandable substance with very fast expan-

sion tirne and with a potentiaf increass in volume of the
expatrled subetance being at leagt five times the volume
of the mbstance before expansion,

injecting mto the soil, through said holes, said substance

which expainls as a consequence of a chemical reac-
tion;
producing compaction of the 501l contipuous to the sub-
gtance imection zone through expansion of sajd sub-
stance iyjected into the foundation soil uatd the soil
compartion reaches levels which sre generslly higher
than a minimum compaction value regaired to provide
4 boanng capacity of the foundation soil suitsble to
withstand an dvnamic and static weight exerted thereon
by the built structures and by overlying and adjacent
il myaeses; and

determining attainment of aid minimum compaction
value required by constantly monitoring level varia-
tions of the soil surface and/or of the built structure
overlying said injection zone to detect 2 moment when,
the built stemre andfor the soil sarface, overlying said
injection zon¢, begins to raise, which is the moment
when the 2oil lying below and around said injection
zone withsiznds and rejects wpwardly the dynamic and
$latic weight exerted thereon by said built strucires
and overlying and adjacent soil masses.

21. The method of claim 20, wherein the built structuares
include any of: buildings, roadway slabs, airport rinaways,
and equipment supporting slabs.

22, A method for increasing the bearing capacity of
foundation soils for built structures comprising:

sstablishing appropriate ireatment Jevels located af dif-

ferent depths in a foundstion soil requiring bearing
capacity inctessing, said foundation ol being at loast
that part of soil having & withstand dynamic ane satic
weights exerted by a built structure apd by overlying
and adjscent soil masscs;

providing a plurality of hole spaced from each other deep

in the foundation a1l 0 as to mach said treatment
Tevels;

providing an expandable substance with very fast expan-
500 time amd with a potential increass in volume of the
expanded substance being at least five Hmes the volume
of the substance before expansion;

injecting imo the soil, through said holes said subsispes
which expands as & conseguence of a chemical reac-
Hon;

10

15

25

10

producing compaction of the sodl comtignous to cach
substance injection zone by way of the expansion of
said sub injected into the foundation 2oil; and

estimating the bearing capacity achieved in the foundation
soil treated with cxpanding submlance imjections by
constantly monitoring the level of the =oil surface
and/or built structure overlying the in injection zone o
detect a mwanent when the built stracture and/or the soil
surface, overlying zone, begins to raise which is the
moment when the compaction of the soil due o the
subslance cxpansion has reached levels gencrally
higher & required minimon value at which the soil
lying helow and around said injection zone withetands
and rejects dynamic and atatic weighis exerted thereon
bry said buill structones and by oveddying and adjecent
so0il masscs.

23 A method for incrcasing the bearing capacity of

foundation soils for tmilt stroctures comprising:

establishing appropriate eat levels located at different
depths in a foundation 2ol tequiring bearing capacity
increasing, said foundation =oil being at least that part
of soil wittstanding dynamic and tic weighiz exerted by
a built strocture and by ovetlying and adjacent soil
MR

providing a plurality of ho spaced from each other deep in
the foundation soil so as o reach said treatment levels:

providing an expandable balance with very fast expansion
time and with a potential increase in volume of the
expended substapce being at least Ave times the volume
of the substanice before expangion;

injecting into the seil, through szid holes, a quantity of
said substance which exparwds ax a consequence of a
chemicel reaction;

producing compaction of soil contignous to the substancs
injection zone by way of the expansion of said quantity
of substance injected into the foundation soil until the
soil compacion reached levels which sre peserally
higher than a minimum compaction value requiring to
provido & bearing capacity of the foundation soil snit-
able o withstand any dynammc and static weiphi
cxered thereon by the built structures and by overtying
and adjacent seen soil masses; and

detecting reaching of said wrn compaction value required
by constantly monitoring level varations of the soil
sarface and/or of kile buili structure overlying safd
mjection zone ko deiect 3 moment when the bilt
structure andfor ihe soil snrface, overlying said injec-
tion zone, begins to raise, which is the moment when
the soil lying below and around said injection with-
stands and rejecis upwardly the dynamic and static
weight exened thereon by said built stroctures and
averlying and adjaceat soil masses; and

carrying out said expendable substance injection at gaid
treaunent levels at least until said minimum compac-
tion valne detected through seid moniloring is reached.

LI I

FaGE

13



