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ABSTRACT

A hole (6) is provided in soil or a structure, and an injection

bar (1) having a ?llable expansion element (2) in connection
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therewith is arranged into the hole. A substance Which
expands as a consequence of a chemical reaction is injected

into the expansion element (2). The expansion element (2)
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surrounding soil or lifts as Well as stabilizes ground-based

Nov. 19, 2008

structures. A force pressing the expansion element (2) against
the soil is generated by the chemical reaction Which expands
the substance injected into the expansion element (2).

?lled With the reacted substance condenses, ?lls or replaces
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METHOD AND ARRANGEMENT FOR
IMPROVING SOIL AND/OR FOR LIFTING
STRUCTURES
BACKGROUND OF THE INVENTION

[0001] The invention relates to a method for improving soil
and/or for lifting ground-based structures, the method com
prising providing the soil or structure With a hole, arranging
into the hole an injection bar and an expansion element pro
vided in connection thereWith, and injecting a substance into

the expansion element.
[0002]

The invention further relates to an arrangement for

improving soil and/or for lifting structures, the arrangement
comprising an injection bar to be arranged into a hole and
provided in connection With an expansion element, a sub
stance to be injected into the expansion element, and means

for injecting the substance into the expansion element.
[0003] Soil is improved eg in order to increase the bearing
capacity thereof or in order to ?ll empty spaces therein. Fur

[0007] JP 7 018 651 discloses a solution Wherein expanding
bag bodies are arranged into holes drilled into the soil. A

hardening agent is pumped into the bags With a high pressure.
Due to the usage of a high hydraulic pressure, the devices
used are complex and, for example, valves that are failure
sensitive in di?icult conditions are required. Furthermore, in
soft soil, it is uncertain that the bag stays in place, so it is very
di?icult to condense a portion of soft soil by means of this

solution. Still further, if a bag is broken, the condensing
process gets totally out of control. JP 10 195 860 discloses a
similar solution Wherein a ?exible bag is used. This solution
also suffers from problems similar to those disclosed above.
JP 2003 105 745 discloses a solution Wherein plastic mortaris
injected into soil or into a bag arranged in the soil. The
above-disclosed problems are present also in this solution
When a sub-stance is injected into a bag.
[0008] JP 9 158 235 discloses a solution for correcting
inclination of a building. The solution comprises drilling a

hole Which extends under the foundations of the building.
Here, under the foundations, a ?exible bag is arranged into

ther, soil improvement is necessary if vibrations transmitted

Which Water and a consolidating substance are conveyed

via the soil are to be dampened or soil liquefaction taking

through separate pipes. The aim is to lift the building through

place in connection With earthquakes is to be prevented. A
process of lifting structures, in turn, refers eg to lifting and
stabiliZing buildings or foundations for buildings or ?oors

extremely high hydraulic pressure, resulting in complex and

that are damaged, subsided or dislocated. Furthermore, the

plurality of pipes, Which adds to its complexity. Furthermore,

?lling the bag. This solution also requires the usage of an
failure-sensitive equipment. The equipment also includes a

process of lifting structures comprises lifting and stabiliZing

if a bag is broken While in use, the structure may collapse at

subsided paved roads or ?elds, such as concrete and asphalt

the particular bag, so the method is extremely risky.

roads or runWays.

[0004]

Deterioration of soil or subsidence of structures may

be caused eg by poorly consolidated soil, Water-induced

BRIEF DESCRIPTION OF THE INVENTION

erosion, inappropriate soil type during construction, deterio

[0009] An object of the present invention is to provide a
novel method and arrangement for improving soil and/ or for

ration of frictional forces in the soil, or variations in tempera
ture or humidity conditions. Further, soil deterioration may be

lifting structures.
[0010] The method of the invention is characterized by

caused by changes in conditions due to mechanical damage,
such as breakage of Water or seWer pipes. Moreover, soil

using, for such injecting, a substance Which expands as a
consequence of a chemical reaction, so that a force pressing

conditions may change due to the in?uence of dynamic
forces.
[0005] In order to improve the soil, soil having a poor

the chemical reaction.

bearing capacity is replaced by a substance having a better

characterized in that the substance to be injected into the

bearing capacity. Such a process called mass exchange is

expansion element is a sub-stance Which expands as a conse
quence of a chemical reaction, so that a force pressing the

extremely laborious and expensive. Further, piling tech
niques, such as friction piles Which, through friction, are
supported by the soil, or base piles Which rest on the hard

bottom layer, are used. Piling requires heavy and complex
equipment, Which subjects the environment to noise and fur

the expansion element against the soil is generated mainly by
[0011]

Furthermore, the arrangement of the invention is

expansion element against the soil is generated mainly by the
chemical reaction.
[0012] An idea of the invention is that a hole is formed into
the soil or structure, and an injection bar accompanied by a

ther disturbance. Since the piling is fastened to a structure, it
subjects the structure to point loads When the structure is

?llable expansion element is arranged into the hole. A sub

supported by piles, and not by the soil.

tion is injected into the expansion element. The expansion

[0006]

bearing capacity of soil. In the solution, the soil is provided

element ?lled With the reacted substance condenses, ?lls or
replaces surrounding soil or lifts as Well as stabiliZes ground

With holes into Which a substance Which expands as a conse

based structures. A force pressing the expansion element

quence of a chemical reaction is injected. EP 1 314 824
discloses a similar solution Wherein a substance is used for
producing a pressure of more than 500 kPa. In practice, it has

against the soil is generated by the chemical reaction, Which
expands the substance injected into the expansion element.

EP 0 851 064 discloses a solution for improving the

stance Which expands as a consequence of a chemical reac

been noticed that in these solutions, the only Way to determine

The sub stance also hardens very quickly, so no valves to keep
the substance Within the expansion element are necessary in

a dose to be injected is to monitor the surface of the ground or

the solution. The expansion element enables the expanding

the height level of a building, and stop injecting When a
reaction in these aspects is observed. When these solutions
are used in connection With porous and soft soils in particular,
the procedures of dosing the substance to be injected appro
priately and directing the expansion force correctly as Well as
keeping the substance in a desired place present very chal

lenging tasks.

substance to be placed in a controlled manner at a desired

point. Thus, the localiZation of expansion pressure is com
pletely controlled. Also eg in loose soil, the substance may

be provided With a high compression strength. The injection
bar can be arranged into a very small hole, so no extensive
excavations are necessary. Since the substance hardens very
quickly, no substantial extensive and uncontrolled move
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ments of the sub-stance occur should the expansion element

injection bar 1 does not necessarily have to be stiff. The

be broken. Further, When used for lifting structures, breakage
of the expansion element does not substantially damage the

plastics.

strength of the foundations of a building. All in all, the
machines and devices to be used in the solution are quite

small and simple and, What is more, the solution is excellent
as far as Work safety is concerned.

injection bar 1 may thus be eg a hose or a pipe made of

[0029] A ?llable expansion element 2 is arranged around
the injection bar 1. The expansion element 2 is preferably
manufactured from a material Which is impermeable to air
and substantially inextensible. An example of such a material

is geotextile. Further, another ?exible and strong material

[0013] An idea of an embodiment is that the injection bar is
left in its place in the soil to anchor the expansion element and
the sub stance expanded therein in place. This ensures that the
expansion element stays at a desired point also in soft soil.
[0014] An idea of a second embodiment is that the injection

as polyester or polypropylene or arti?cial or natural ?bre. It
may also be made of rubber or another elastomer. A Wall of

bar is arranged to penetrate through the expansion element
and, on its sides, the injection bar is provided With openings

the expansion element may be permeable or impermeable to
air. The Wall of the expansion element 2 may also be ?exible

for the substance to be injected into the expansion element so

or in?exible. The Wall of the expansion element 2 may also be
provided With metal reinforcement material or glass ?bre or
another suitable reinforcement. The expansion element may

as to alloW the substance to enter the expansion element. Such

a solution is simple, functional, and effective.
[0015] An idea of a third embodiment is that the expansion
element is substantially impermeable to air such that the

may be used.

[003 0]

The expansion element may be made of plastic, such

be either seamless or With seams. A seam may be provided

expansion element is provided With an airtight expansion

eg by seWing, gluing, using a fastening element, riveting,
Welding, soldering, fusing or by another mechanical, chemi

space therein to enable the expansion reaction to be imple

cal, thermal or electrical method or a combination thereof.

mented in a controlled manner.

[0031] The thickness of a Wall of the expansion element 2
may vary eg between 0.02 and 5 mm, depending on the

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

The invention is described in closer detail in the

accompanying draWings, in Which
[0017] FIG. 1 schematically shoWs a cross-sectional side
vieW of an injection bar and an expansion element,
[0018] FIG. 2 schematically shoWs the bar and the expan
sion element according to FIG. 1 arranged in place and With

an injection substance having already reacted,
[0019]

FIG. 3 schematically shoWs a Way of improving the

bearing capacity of soil,

material, siZe of the expansion element 2, expansion pressure,
etc. The injection bar 1 is preferably arranged through the
expansion element 2 so that the expansion element 2 is fas
tened to the injection bar 1 eg in the manner shoWn in FIG.
1 by means of a loWer fastener 3a and an upper fastener 3b.

Prior to arranging the injection bar 1 into the soil, the expan
sion element 2 is Wound or folded against the injection bar 1.
When the expansion element 2 is completely ?lled up With a
solid substance, its outer diameter may vary eg between 20
cm and 5 m. Similarly, the length of the expansion element 2,
ie the distance betWeen the loWer fastener 3a and the upper
fastener 3b, may vary eg between 20 cm and 100 m.

[0020] FIG. 4a schematically shoWs a cross-sectional side
vieW of a second injection bar and expansion element,
[0021] FIG. 4b shoWs the solution of FIG. 4a With the
expansion element ?lled up,
[0022] FIG. 5 schematically shoWs a cross-sectional side
vieW of an injection bar and an expansion element arranged
inside a protective pipe,
[0023] FIG. 6 schematically shoWs injection bars and
expansion elements arranged in connection With a larger pipe,
[0024] FIG. 7 schematically shoWs, in the manner of FIG.
6, injection bars and expansion elements arranged in connec
tion With a larger pipe, and

sleeves provided by cutting off a piece of pipe. A metal sleeve
may be fastened in place by means of pressing.

[0025]
[0026]

[0034] The loWer fastener 3a or the upper fastener 3b or
both may also be made movable, in Which case When the

FIG. 8 schematically shoWs hoW a structure is lifted.
For the sake of clarity, the ?gures shoW some

[0032] The expansion element 2 may be e. g. of the shape of
a cylindrical sleeve. Furthermore, the upper and loWer ends of
expansion element 2 may be narroWer While the diameter of
the middle part thereof may be larger. The external appear
ance of the expansion element 2 prior to being injected With a
substance is irrelevant. After the substance has reacted inside

the expansion element, the expansion element reaches its
?nal appearance.
[0033] The loWer fastener 3a and the upper fastener 3b may

be e.g. hose clamps. Further, the fasteners may be e.g. metal

embodiments of the invention in a simpli?ed manner. In the

expansion element 2 is being ?lled, they slide into a suitable

?gures, like reference numerals identify like elements.

place. In comparison With stationary fasteners, this solution

DETAILED DESCRIPTION OF SOME
EMBODIMENTS OF THE INVENTION

[0027] FIG. 1 shoWs an injection rod or injection bar 1. In
the embodiment shoWn in FIG. 1, an upper end of the inj ec
tion bar 1 is holloW While a loWer end thereof is closed. The
outer diameter of the injection bar 1 may vary e. g. betWeen 3
and 200 mm. The length of the injection bar 1 may vary eg
between 0.5 and 100 m. The injection bar 1 may be made eg
of metal, such as steel.

[0028] The injection bar 1 may also be made of another
material, such as plastics, e.g. polyethylene PE. Further, the

has an advantage Which enables distortion and consequently
even breakage of the injection bar to be avoided. For instance,
the loWer fastener may be made movable by providing a loWer
end of the injection bar With a solid bar and arranging a
movable sleeve thereon. A Wall of the expansion element is
arranged on the movable sleeve and a fastening sleeve is
arranged around it, the Wall of the expansion element thus

residing ?xedly betWeen the fastening sleeve and the movable
sleeve. When the movable sleeve is thus alloWed to slide
along the surface of the bar, the fastener moves as the expan

sion element is being ?lled up.
[0035] FIG. 1 further schematically shoWs an injection
apparatus 4, Which includes containers Wherein a sub stance to
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be injected into the expansion element 2 is stored, and means
for conveying the substance from such a container into the
holloW upper part of the injection bar 1. The structure of the
means may be very simple and light, since they do not have to
generate any pressure to expand the expansion element 2 in

of the structure being processed. A hole 6 is drilled into the

the soil. The means generate pressure to enable the substance

Zable, chemically expanding multicomponent substance.

to be injected to be conveyed to the expansion element
through hoses and pipes, but they do not generate the actual

[0040] The expanding substance may be eg a mixture
mainly containing tWo components. In such a case, a ?rst

expansion pressure but the expansion pressure is generated
inside the expansion element 2 chemically. The injection
apparatus 4 is not discussed in detail herein since its structure
and operation are clear to those skilled in the art.

[0036] The injectable substance ?oWs as shoWn by the
arroWs in FIG. 1, through the holloW upper end of the inj ec
tion bar 1 and via openings 5 provided in the side of the
inj ection bar 1 into the expansion element 2. A chemical
reaction takes place in the expansion element 2 such that the
sub-stance expands inside the expansion element 2.
[0037] The injection bar may also consist of an outer rigid
pipe and a hose or pipe arranged thereinside. The innerpipe is
movable back and forth inside the outer pipe and, When nec
essary, also rotatable. The substance to be injected ?oWs
through the inner pipe and exits at its loWer end and further
through openings provided in a side of the outer pipe to the

expansion element. While the expansion element is being
?lled up, the inner pipe is being pulled out of the inside of the

pipe. Consequently, When the expansion element is being

soil. The injection bar 1 equipped With the expansion element
2 is arranged in the hole 6.An expanding substance is injected
into the expansion element 2. The expanding material may be
eg a polymer, expanding resin or an organically incrystalli

component may mainly contain e.g. polyetherpolyol and/or
polyesterpolyol. A second component may contain e.g. iso
cyanate. The volumetric ratios of the ?rst and the second
components may vary eg between 0.8 to l.2:0.8 to 1.8. The

expanding substance may also contain catalysts and Water
and, When desired, also other components, such as silica,
stone dust, ?bre reinforcements and other possible additives
and/or auxiliaries and/ or ?llers.

[0041]

The injectable substance is preferably a substance

Which starts to react by expanding Within 0.5 to 3600 seconds

after having been injected into the expansion element 2. In an
embodiment, the substance starts to react after more than 20

or more than 25 seconds since the injection, Whereby the
expansion element 2 is ?lled up evenly, and With a very small

risk of breakage. Furthermore, in an embodiment, the sub
stance starts to react after less than 50 seconds after the

injection, Which makes the process easy to manage.
[0042] The substance expands eg 1 to 120 times its origi
nal volume. The expansion factor of the substance, i.e. the

?lled, the substance to be injected ?oWs into the expansion

volume of the substance at the end of the reaction as com

element from a point located closer and closer to an end of the

pared With the volume of the substance at the beginning of the

injection bar facing the injection apparatus. The inner pipe

reaction, may be eg of the order of 1.1 to 120. Preferably, the
substance is arranged to expand 1.5 to 20 times its original
volume.

may be pulled out of the outer pipe continuously and uni
formly or stepWise. Furthermore, such a solution enables a

desired spot in the expansion element to be provided With the
substance to be injected. For instance, the inner pipe may
quite extensively be pulled out of the outer pipe and a sub
stance may be injected into an upper part of the expansion
element and a reaction and solidi?cation of the sub stance may

be aWaited and, subsequently, the inner pipe may be pushed
back inside and inject the substance loWer into the expansion
element. Such a solution enables the expansion element to be
expanded also eg at a place Which contains a locally dense
soil.
[0038] FIG. 2 shoWs a situation Wherein the injection bar 1
has been arranged in the soil and the substance inside the

expansion element 2 has already reacted, expanding the
expansion element 2.
[0039]

First, the bearing capacity of the soil and other nec

essary soil conditions are measured using an appropriate

method. The bearing capacity of the soil may be measured by

[0043] The expanding material condenses, ?lls or replaces
surrounding soil, depending on the type or density of the

surrounding soil. The replacement takes place by pushing the
existing soil aside. The soil may be compressible or incom
pressible. The ?nal result obtained may be measured using a
soil measurement method. In this case, too, eg a penetrom

eter or another geotechnical measuring device may be used
for carrying out the measurements.
[0044] Preferably, the substance reaches a very high com

pression strength very quickly. The length of the time during
Which the substance reaches a high compression strength
depends on many different features, such as the amount of the

substance, volume of the expansion element, reaction rate of

the sub stance, prevalent temperature conditions, surrounding
soil, and the load the soil is subjected to. The substance may
reach eg 80 to 90% of its ?nal compression strength Within
about 10 to 15 minutes. Then, e. g. in connection With lifting

means of eg a penetrometer, or another geological or geo

structures, the expanding substance is capable of receiving

technical examination method. The measurements and
examinations enable calculations relating to the soil to be
made. On the basis of the measurements, examinations and

loads, and no serious adverse effects are caused even if the

expansion element 2 is broken. The amount of the substance
to be injected into the expansion element 2 depends on the

calculations, the points to be processed may be located in the

volume of the expansion element 2 as Well as on the deter

soil. Such localiZation of a site to be processed depends on the
soil conditions. The aim is to achieve a clear picture of the soil
vertically, horiZontally as Well as laterally in order to process
the soil accurately. On the basis of the result obtained, an
injection bar 1 is manufactured and an expansion element 2 is

mined bearing capacity of the soil and, further, on the desired
effect. The procedure of determining the amount of the sub
stance requires an expansion pro?le for the injectable sub
stance, i.e. data about hoW much the substance expands, hoW
long it takes, and the amount of force it causes. Thus, the
amount is affected by the expansion pro?le. Next, the Way in
Which it is utiliZed With respect to the space available, i.e. the
volume of the expansion element 2, is determined. In a lifting
situation, for example, it is not alWays necessary to ?ll the
expansion element 2 to the maximum.

fastened thereto. The height and volume of the expansion
element 2 and the number of the expansion elements 2 are
selected on the basis of the soil conditions. When the solution

is used for lifting structures, the siZe of the expansion element

is also naturally affected by the siZe, Weight and lifting need
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[0045]

The ?nal compression strength of the sub stance may

be determined in a controlled manner prior to injecting. In
such a case, the ?nal compression strength of the substance is

thus determined in advance, i.e. prior to injecting, on the basis
of the resistance of the soil and the space available, i.e. the
volume of the expansion element 2.

[0046] The pressure produced by the substance being used,
ie the force per surface area, may vary eg between 1 mil

libar and 800 bar. The compression strength of the substance
may vary eg between 1 millibar and 3000 bar. The ?nal
density of the substance may vary eg between 10 to 1200
kg/m3 .

[0047]

The expansion element 2 may thus be eg a cylin

drical sleeve or another similar structure de?ned by a Wall
made of a ?exible material. The injection bar 1 does not

ing substance inside the expansion element 2 ?lls the cavity
and the expansion element 2 prevents the expanding sub
stance from creeping out of the cavity.
[0052] If desired, the procedure may include removing the
injection bar 1 from the soil, so that only the expansion
element 2 remains to ?ll the desired spot. The injection bar 1
may, hoWever, also be left in its place to anchor the expansion
element 2 and the substance therein tightly in place.
[0053] FIG. 2 shoWs a situation Wherein a soil layer 7b
having a loWer bearing capacity resides betWeen an upper
bearing soil layer 711 and a loWer bearing soil layer 70. The
expansion element 2 is dimensioned to ?ll the soil layer 7b

having the loWer bearing capacity. The upper and loWer ends
of the injection bar 1, in turn, become tightly anchored in the

necessarily have to penetrate through the expansion element

bearing soil layers 7a and 70. In such a case, the expansion
element 2 and the sub stance therein stay in place, even if the

2 but the expansion element 2 may be fastened eg to an end
of the injection bar 1. In such a case, the expansion element 2
may be eg a bag or a sack, and fastened to the injection bar

soft.

1 at its one point only such that the substance ?oWs through
the holloW injection bar 1, from its end, to the expansion
element 2.
[0048] If the soil is suitably soft and the injection bar 1 is

suf?ciently stiff, a hole 6 may be provided by pushing the
injection bar 1 into the soil. In such a case, the procedures of
providing a hole and arranging the injection bar 1 into the hole

thus take place simultaneously. Furthermore, prior to pushing
the injection bar 1 into the soil, a hole With a diameter smaller

than the outer diameter of the injection bar may be provided
therefor. Mo st typically, hoWever, a hole With a diameter

slightly larger than the outer diameter of the injection bar 1 is
drilled for the injection bar 1. In such a case, the hole 6 also
easily accommodates an expansion element 2 folded around

the injection bar.
[0049]

In order to reduce the siZe of a hole required by the

expansion element 2, the expansion element is preferably
provided With an outer diameter Which is as small as possible.
The expansion element is folded on the outside of the inj ec
tion bar 1 and preferably reduced in size eg by a press so as

to lie as tightly as possible against the injection bar 1. The
outer diameter of the expansion element may also be reduced

utiliZing heat, pressurized air, moisture, suction and/or pres
sure eg by roll-calendering. It may be further ensured that

the expansion element 2 stays tightly against the injection bar
1 by arranging a plastic ?lm on top of the element. The plastic
?lm may be arranged on top of the expansion element 2 eg

by sliding or Winding.
[0050] It is possible to let the plastic ?lm to remain on the
expansion element 2 such that the material to be injected is

injected inside the plastic ?lm. This provides the feature that
the injected material must have a compression strength high
enough before it tears the ?lm and expands the expansion
element. The ?lm can be provided With a tearing line, such as
a perforation, Whereby the tearing force needed can be deter
mined accurately. Further the tearing force can be formed to
be different at different parts of the ?lm. Using the ?lm on the

expansion element 2 together With an injection bar compris
ing an outer pipe and an inner pipe provides the possibility to
expand the expansion element 2 at a desired spot.
[0051] Soil examination may reveal that a cavity exists in
the soil that should be ?lled. The injection bar 1 is very easy
to arrange in the cavity, eg the injection bar 1 according to

FIG. 1, such that it penetrates through the cavity. The expan
sion element 2 then sets at the particular cavity. The expand

soil layer having the loWer bearing capacity Were extremely
[0054] FIG. 3 schematically shoWs hoW it is possible to
improve a soil layer 7b having a loWer bearing capacity. A
plurality of injection bars 1 equipped With an expansion ele
ment 2 has been arranged side by side. If necessary, a plurality
of expansion elements 2 may also be arranged on top of one

another, either by using one injection bar 1 per a plurality of
expansion elements or by using in connection With each
expansion element 2 an injection bar 1 of its oWn. In this

manner, the expansion elements 2 containing the reacted
substance may be used for supporting the upper soil layer 7a.
This enables the bearing capacity of the soil to be improved

extensively. The soil layer 7b having the loWer bearing capac
ity is not necessarily condensed, but the solution of FIG. 3, for
example, enables the total bearing capacity to be improved in
any case.

[0055] In the accompanying draWings, the injection bar 1 is
shoWn to be accompanied by one expansion element 2 but, if
desired, tWo or more expansion elements 2 may be arranged
in connection With one injection bar 1 to be ?lled With an

expanding substance.
[0056] As shoWn in FIG. 4a, the expansion element 2 does
not necessarily have to be arranged outside the injectionbar 1.
If the inner diameter of the injection bar 1 is su?icient, eg at
least 50 mm, the expansion element 2 may be folded inside
the injection bar 1. In such cases, the expansion element 2
may be eg a bag or a sack Which at its mouth part is fastened
to the loWer end of the injection bar 1. When a substance is

then injected into the expansion element 2, the substance
pushes the expansion element 2 out of the injection bar 1, as
shoWn in FIG. 4b.

[0057] As shoWn in FIG. 5, a protective pipe 8 may be
arranged outside the injection bar 1 and the expansion ele
ment 2. The injection bar 1 and the expansion element 2 are
forced into the soil by means of the protective pipe 8. The

protective pipe 8 is pulled out before injecting the substance
into the expansion element 2.
[0058] FIG. 6 shoWs a structure Wherein a plurality of
expansion elements 2 are arranged on the Walls of a pipe 9
having a larger diameter. Hoses for injecting a substance into
the expansion elements 2 serve as injection bars 1. The hoses

may be arranged inside the pipe 9 having a larger diameter.
[0059] In the embodiment of FIG. 7, the expansion ele
ments 2 are arranged outside a larger pipe 9. In the embodi
ment of FIG. 7, tWo expansion elements 2 have been arranged
on top of one another and fastened by means of fasteners 3a,
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3b, and 30. Also in this embodiment, hoses serving as injec
tion bars 1 are arranged inside the pipe 9 having a larger
diameter.
[0060] FIG. 8 shoWs a basic principle for lifting a ground
based structure 10. The amount to be injected during lifting
may be determined by observing the vertical transition of the
ground-based structure. Ob serving the vertical transition may
mean observing When the structure starts moving, or observ
ing When the structure has risen a desired distance. In FIG. 8,

the ground-based structure 10 is designated by a road pave
ment. When lifting a ground-based structure, the expansion
element is at least partly supported by the soil.
[0061]

In some cases the features disclosed in the present

element, i.e. outside the expansion element. Further, the siZe
of the expansion element may be monitored by means of a
thermographic camera.

[0066] The procedure of monitoring the expansion element
being ?lled in order to determine the amount to be injected
may also be carried out such that the substance is injected into
the expansion element until the expansion element breaks as

the substance expands Without, hoWever, the structure under

repair being damaged. The breakage of the expansion ele
ment is observed on the basis of sound or shock. Before

breaking, hoWever, the expansion element 2 has restricted the
substance to remain at a particular point. The substance hard
ens so quickly that even if the expansion element is broken, it
does not creep a long distance aWay from the injection site,

application may be used as such, irrespective of other fea
tures. On the other hand, the features set forth in the present
application may, When necessary, be combined in order to

not even in soft soil.

provide different combinations.
[0062] The draWings and the related description are only

expansion element may be oxygen-free. When the inside of
the expansion element is oxygen-free, the reaction of the
substance can be managed extremely Well. On the other hand,

intended to illustrate the idea of the invention. In its details,
the invention may vary Within the scope of the claims.

[0067]

Preferably, the Wall of the expansion element is

manufactured from an airtight material. In such a case, the

paved roads, for instance. An empty space beneath a structure

no need exists for the expansion element to be completely
oxygen-free on the inside. HoWever, an oxygen-free Wall
ensures that substantially no oxygen enters the expansion
element from outside. When the Wall of the expansion ele
ment prevents additional oxygen supply, the expansion reac
tion of the sub-stance can thus be kept under control.
[0068] No need necessarily exists for the Wall of the expan
sion element to remain intact after the expansion reaction. At

may necessitate a lifting process. In such a case, a hole may be

the beginning of the expansion reaction, hoWever, the expan

drilled through the structure and arrange an injection bar
therethrough such that an expansion element sets in the empty
space. Next, the expansion element is ?lled as described

Within the desired area, so that even in a porous soil, the

above such that the chemical expansion reaction taking place

hardens, quickly enough, no uncontrollable creeping of the

inside the expansion element ?lls the empty space. The inj ec
tion bar 1 may be arranged either directly doWnWards or

substance in the soil occurs even if the Wall of the expansion
element is broken.

[0063] In addition to improving soil, the disclosed solution
may thus be used for lifting ground-based structures, Whereby
e. g. damaged, sub sided or dislocated buildings or foundations
or ?oors of structures are lifted and stabiliZed. Further, the

solution may be used for lifting and stabiliZing subsided

obliquely doWnWards. Moreover, the injection bar 1 may also
be arranged horiZontally When processing e. g. the soil in
embankments. The solution may also be used for lifting and
?xing abutments or approaches for bridges.
[0064] Furthermore, the disclosed solution may be used for
providing a dam Wall to prevent Water from passing in the soil

sion element restricts the expanding substance to remain
substance does not start creeping. If the substance reacts, i.e.

1. A method for condensing, ?lling or replacing soil and/or

for lifting structures, the method comprising providing the
soil or structure With a hole, arranging into the hole an inj ec

tion bar and an expansion element provided in connection
thereWith, and injecting a substance into the expansion ele
ment, Whereby the substance expands as a consequence of a

or excavation. Similarly, the solution may be used for sup
porting Walls of excavations. A dam Wall or an excavation

chemical reaction, so that a force pressing the expansion

support may be provided by arranging expansion elements

reaction.
2. A method as claimed in claim 1, comprising determining

side by side. An expanding substance may be injected outside
the expansion elements betWeen the elements in order to
attach the expansion elements to one another.
[0065] Preferably, the amount of a substance to be injected
into an expansion element is thus determined prior to inject
ing, on the basis of soil characteristics, volume of the expan
sion element and the desired effect. The amount to be injected

may also be determined by monitoring the expansion element

element against the soil is generated mainly by the chemical
characteristics of the soil prior to injecting and determining
an amount of the substance to be injected into the expansion
element prior to injecting on the basis of the characteristics of
the soil, volume of the expansion element, and a desired
effect.
3. A method as claimed in claim 1, comprising determining
the amount of the substance to be injected into the expansion

being ?lled. Such monitoring may be carried out by means of

element by monitoring the expansion element being ?lled.

eg an earth radar. In such a case, the material of the expan

4. A method as claimed in claim 3, comprising monitoring
the expansion element being ?lled by means of an earth radar.
5. A method as claimed in claim 3, comprising monitoring
the expansion element being ?lled by means of a pressure

sion element, for instance, may be selected such it can be seen

in the radar. For example, the Wall of the expansion element
may be provided With metal ?bers to make the expansion
element clearly visible in the radar. Furthermore, the amount
of the substance to be injected may be determined by moni
toring the consistency of the soil or the density of the ?lling

sensor.

element, inside or outside the Wall. The pressure sensor may

6. A method as claimed in claim 3, comprising monitoring
the expansion element being ?lled by means of a thermo
graphic camera.
7. A method as claimed in claim 3, comprising monitoring
the expansion element being ?lled by means of the senses of

also be arranged in the soil, in the vicinity of the expansion

hearing and/or feeling such that the process of injecting the

material. A further solution is to arrange a pressure sensor

inside the expansion element or in the Wall of the expansion
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substance into the expansion element is stopped after the
expansion element has broken.
8. A method as claimed in claim 1, comprising determining
the amount to be injected in connection With lifting a structure
by means of observing any vertical transfer of the structure.

9. A method as claimed in claim 1, comprising leaving the

injection bar in its place in connection With the expansion
element after the substance has expanded.
10. A method as claimed in claim 1, comprising arranging

the injection bar through the expansion element and by
arranging the substance to How into the expansion element
via openings provided on a side of the injection bar.
11. A method as claimed in claim 10, Wherein the injection
bar comprises an outer pipe provided With openings, and an

inner pipe arranged thereinside, the substance to be injected
being fed along the inner pipe and the inner pipe being pulled
out of the inside of the outer pipe When the substance is being

nection With an expansion element, a substance to be injected

into the expansion element, and means for injecting the sub
stance into the expansion element, Wherein the substance to
be injected into the expansion element is a substance Which
expands as a consequence of a chemical reaction, so that a

force pressing the expansion element against the soil is gen
erated mainly by the chemical reaction.
19. An arrangement as claimed in claim 18, Wherein the

injection bar is arranged through the expansion element,
Whereby the expansion element is at its loWer end fastened to
the injection bar by means of a loWer fastener and at its upper
end by means of an upper fastener, and that a side of the

injection bar is provided With openings via Which the sub
stance is alloWed to How into the expansion element.
20. An arrangement as claimed in claim 19, Wherein the
loWer fastener and/ or the upper fastener are made movable in

injected.

relation to the injection bar.
21. An arrangement as claimed in claim 19, Wherein the

12. A method as claimed in claim 1, comprising arranging
the expansion reaction of the substance to take place inside
the expansion element in an airtight space.
13. A method as claimed in claim 1, comprising arranging

injection bar comprises an outer pipe provided With openings,
and an inner pipe arranged inside the outer pipe for feeding
the substance to be injected inside the expansion element, the
inner pipe being pullable out of the inside of the outer pipe.

the substance to react after more than 25 seconds since being

22. An arrangement as claimed in claim 18, Wherein the
expansion element is manufactured from an airtight material.
23. An arrangement as claimed in claim 18, Wherein the
expanding substance is such that its expansion reaction starts
after more than 25 seconds since being injected into the

injected into the expansion element.
14. A method as claimed in claim 1, comprising arranging
the substance to react after less than 50 seconds since being

injected into the expansion element.

expansion element.

15. A method as claimed in claim 1, comprising arranging
the substance to expand 1.5 to 20 times its original volume.
16. A method as claimed in claim 1, comprising determin

24. An arrangement as claimed in claim 18, Wherein
expanding substance is such that it expands 1.5 to 20 times its

ing, before injecting, a ?nal compression strength of the sub

original volume.

stance to be injected.
17. A method as claimed in claim 16, comprising deter

the substance to react after less than 50 seconds since being

mining the ?nal compression strength of the substance to be

injected into the expansion element.

injected on the basis of the resistance of the soil and the

26. A method as claimed in claim 1, comprising letting
some of the substance to go through the Wall of the expansion
element.

volume of the expansion element.
18. An arrangement for condensing, ?lling or replacing soil
and/or for lifting structures, the arrangement comprising an
injection bar to be arranged into a hole and provided in con

25.A method as claimed in claim 13, comprising arranging

