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(67)  The method for consolidating the foundation
ground of a building comprises the activities of determin-
ing the relation between the torque for driving a pile into
the ground and the bearing capacity thereof; driving the
pile into the ground by fixing it into the ground; monitoring
the driving torque of the pile up to obtaining the torque
corresponding to the desired bearing capacity. The
ground consolidation apparatus comprises: a consolida-

Method and device for ground consolidation.

tion pile having at least one portion proximal to the end
provided with a helical blade; means for rotating the pile
around the axis thereof so as to drive it into the ground;
means for monitoring the driving torque of the pile; where
the pile comprises an axial conduit for the injection of a
consolidating fluid/ which terminates along the trunk of
the pile, both above and below the helical blade, as well
as means for injecting a consolidating fluid into the axial
conduit of the shaft.
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Description

[0001] The presentinventionreferstoasystemforcon-
solidating the ground by means of foundation piles. The
expression consolidation system is used to indicate both
the consolidation method and the apparatus for imple-
menting the method.

[0002] In particular the patent reefers to a system for
consolidating the ground by means of suspended piles,
i.e. which do not lie on a solid plane, such as a rocky or
extremely resistant layer.

[0003] The expression bearing capacity is used both
to indicate the resistance offered by the pile to the sinking
of an overlying construction into the ground (compression
pile) and the resistance offered by the pile to the hoisting
of a construction which should be anchored to the ground
(tension pile).

[0004] Among the known methods for suspended pil-
ing there have been known over the years the so-called
helical piles, in which there are used piles having - in
proximity of the tip and in at least one position along the
pile - at least one helical turn of a blade welded outside
the pile.

[0005] There are generally used piles comprising
groups of several turns arranged at a mutual distance.
[0006] The greatersupportsurface provided by the sin-
gle helices, and in particular by the deepest helix, or by
the shallowest helix depending on whether the load to
be supported is directed downwards or upwards, contrib-
utes considerably to the bearing capacity.

[0007] The known art of helical piles provides for that
each intervention may vary in terms number and sizes
of the helices in relation to the characteristics of the sub-
soil present in the site.

[0008] The characteristics of the subsoil vary consist-
ently forcing the designer of the helical piles to many
variables and thus many possible combinations of length
of the pile (as a function of the depth atwhich it is possible
to reach the suitable litostrato) and the number/dimen-
sion of the helices to be extended over the unitary load
fraction transmitted to the ground.

[0009] Currently, piling by means of helical piles occurs
empirically, driving one or more sample piles into the area
to be consolidated, and verifying the relative bearing ca-
pacity using the known systems.

[0010] The dimension and number of the helices, as
well as the penetration of the pile into the ground varies
depending on the results of the test.

[0011] After a suitable number of tests, the character-
istics of the piles that have revealed a good result are
adopted also for the rest of the piles subject of the con-
solidation works.

[0012] According to the prior art the diameter of the
pile is comprised between 75 mm and 150 mm, the di-
ameter of the helices is comprised between 180 mm and
360 mm, the pitch of the helices is comprised between
50 mm and 120 mm, the number of the helices is com-
prised between 1 and 3, and the distance between the
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helices is comprised between 5 and 15 times the pitch.
[0013] In order to obtain the desired bearing capacity
of the ground as a function of the loads designated by
the construction, there can be required very high num-
bers and large dimensions of helices and/or the attain-
ment of excessive depth in search of a ground with suit-
able performance.

[0014] This leads to the requirement of an extremely
high variety of types of elements, with the ensuing high
cost implications.

[0015] Regardless of this it is not always possible to
obtain a sufficient degree of consolidation in financially
and technically reasonable terms.

[0016] The present invention aims at overcoming the
aforementioned drawbacks of the prior art in a simple
and inexpensive manner.

[0017] Itwas observed that the bearing capacity of the
helical pile at any time during the driving thereof is related
to the energy required for the driving thereof, assuming
that the bearing capacity depends on the penetration en-
ergy, which in turn depends on the torque required to
drive the pile into the ground.

[0018] It was observed that such torque varies almost
linearly as a function of the bearing capacity of the pile,
and it is related to the diameter of the helices, while it is
much less influenced by the number and pitch thereof.
[0019] According to the invention there can be created
adependency factor of the bearing capacity as a function
of the torque, with the certainty that when the torque
reaches a given value, the corresponding bearing capac-
ity is ensured regardless of the type of ground of the site
to be consolidated. The relation between the bearing ca-
pacity of the pile and driving torque is a constant margin-
ally influenced by the type of the ground, and it can be
obtained empirically providing reliable values for any type
of intervention. It can also be obtained in a site far from
the consolidation site.

[0020] This allowed constructing, for each diameter of
the blades comprised in the range of the practically uti-
lizable blades, a first curve which compares the relation
between the capacity expressed in kilograms Kg and the
torque expressed in kilogrameters Kg x m as a function
of the diameter of the blade.

[0021] The curve has the development expressed in
Fig 5.
[0022] Analogously, a curve comparing the torque with

the bearing capacity of the pile was constructed for each
blade diameter.

[0023] The curves were constructed using usual pile
driving tools, conveniently monitored, and equally usual
test tools.

[0024] The availability of the aforementioned curves
allowed providing a consolidation system which attains
all the objects of the invention, whose characteristics are
mentioned in the independent claims.

[0025] The dependent claims outline further advanta-
geous characteristics of the invention.

[0026] With the aim of attaining the objects of the in-
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vention and optimizing - case by case - the most eco-
nomical relation regarding the number and size of the
helices to be used and/or the length of the pile, or for
making the intervention feasible when the required di-
mensions of the helices or the depths of the method are
not to be suitable, the invention provides for locally im-
proving the quality of the ground adapting it to an ideal
combination of the number and dimension of the helices
and the depth of the pile.

[0027] According to the invention the improvement of
the geo-mechanical characteristics of the ground, locat-
ed around each helix, between one helix and the other
and below the deepest helix (for compression piles) or
above the helix closest to the surface (for tension piles),
over an ideal extension occurs by injecting consolidating
fluids through the pile in proximity of the helices or in
intermediate points between the helices.

[0028] The consolidating fluids, according to the inven-
tion, are fluids based on cement, or inorganic or organic
resins, possibly expanding resins well known in the field,
possibly mixed with inert material and/or additives).
[0029] The consolidating mixture is injected through
the pile, which may be conveniently modular, starting
from the upper end thereof, and it reaches - from within
the pile - the holes previously made along the trunk of
the pile or at the helices and spreads around the holes.
[0030] This allows creating around the pile up to out-
side the helices a mass of consolidated ground which
considerably improves the bearing capacity of the pile
both of the compression and tension type.

[0031] As consolidating fluids there can be used one
or more of the following:

e portland cement and water

¢ cement added with RHEOBUILD 200 PF a super
fluidifying agent produced by BASF

* RHEOBUILD microfine cement produced by BASF

¢ MEICO MP 325 or MP 320 colloidal silica produced
by BASF

* CARBOPURS polyurethane resin produced by MI-
NOVA

e LD, MD and HD polyurethane resins in the various
versions produced by GEORESINE

¢ other equivalent known products

[0032] The advantages as well as the constructive and
functional characteristics of the invention will be clear
from the detailed description that follows, illustrating with
reference to the attached drawings thereof a particular
embodiment provided by way of a non-limiting example.
[0033] Fig. 1 schematically shows a helical pile sub-
jected to a tip load, and provided with means for the ro-
tation thereof.

[0034] Fig. 2 shows the section II-ll of Fig 1.
[0035] Fig. 3 shows the section IlI-1ll of Fig 1.
[0036] Fig. 4 shows the pile driven into the ground.

[0037] Fig. 5 is the curve comparing the relation be-
tween the capacity expressed in kilograms Kg and the
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torque expressed in kilogrameters Kg x m as a function
of the diameter of the blade.

[0038] The figures show the consolidation pile 1 pro-
vided with two helices 2.

[0039] The pile, intheillustrated example, has an outer
diameter of 100 mm, while the diameter of the helices is
equivalent to 240 mm, while the pitch of each helix is
equivalent to 65 mm.

[0040] Each helix, in the illustrated example, is wound
for more than one turn.

[0041] The pile comprises injection holes 3 in proximity
of the helices.

[0042] The pile is driven into the ground using self-
propelling means 4 comprising a hoisting arm 41 provid-
ed - at the end - with means 42 for supporting the pile 1.
[0043] The means for supporting the pile include a hy-
draulic Motor 43 adapted to rotate the pile 1 around the
axis thereof.

[0044] Thehydraulic motor43 comprises a manometer
44 adapted to indicate the motor actuation pressure,
which is proportional to the driving torque transmitted to
the pile.

[0045] The self-propelling means comprise means
adapted to pump a consolidating liquid through the pile;
these means are known and thus shall not be described
in detail.

[0046] The invention operates as follows, and reflects
the sequence of the method.

[0047] After selecting the area to be consolidated, and
once the bearing value of the ground is determined as a
function of the characteristics of the construction intend-
ed to rest on the ground, the driving torque required to
provide the desired bearing capacity of the pile is identi-
fied by means of the diagram of Fig 5.

[0048] The pile is then driven into the ground monitor-
ing the driving torque.

[0049] When thedriving torque reaches the preset val-
ue, the pile portion projecting from the ground is cut, and
the projecting end of the pile is ensured to the connection
means on the overlying construction.

[0050] If the driving torque is not attained by driving a
reasonable pile length, the consolidating substances are
injected, and the measuring of the torque is repeated
until the desired value is reached.

[0051] It shall be deemed that the invention shall not
be limited to the example described above, and that the
invention may be subjected to variants and modifications
without departing from the scope of protection of the
claims that follow.

Claims

1. Method for consolidating the foundation ground of a
building comprising the following activities:

a. driving a helical pile into the ground by fixing
it into the ground;
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monitoring the driving torque of the pile required
torotate the pile up to obtaining the desired bear-
ing capacity of the pile;

c. suspending the driving of the pile into the
ground: where the relation between the bearing
capacity of the pile and the driving torque of the
pile is a function depending on the diameter of
the helices of the pile.

Method according to claim 1 characterised in that
it comprises the injection of a consolidating liquid
through the axial cavity of the pile and through holes
obtained at the helices and/or along the trunk of the
pile.

Method according to claim 2 characterised in that
the consolidating fluid is selected from among one
or more of the following: portland cement and water;
cement added with RHEOBUILD 200 PF a super
fluidifying agent produced by BASF; RHEOBUILD
microfine cement produced by BASF; MEICO MP
325 or MP 320 colloidal silica produced by BASF;
CARBOPURS polyurethane resin produced by MI-
NOVA; LD, MD and HD polyurethane resins in the
various versions produced by GEORESINE; other
equivalent known products.

Apparatus for consolidating grounds comprising:

- a consolidation pile having at least one portion
proximal to the end provided with a helical blade;
- means for rotating the pile around the axis
thereof so as to drive it into the ground;

- means for monitoring the driving torque of the
pile;

where the pile comprises an axial conduit for the
injection of a consolidating fluid, which termi-
nates along the trunk of the pile, both above and
below the blade, as well as means for injecting
a consolidating fluid into the axial conduit of the
shaft.

Apparatus according to claim 4 characterised in
that the at least one portion of helical blade has a
diameter comprised between 180 mm and 360 mm,
and a pitch comprised between 50 mm and 120 mm.

Apparatus according to claim 4 characterised in
that the atleast one portion of helical blade compris-
es at least one turn.

Apparatus according to claim 4 characterised in
that the shaft is a modular construction.

Apparatus according to claim 4 characterised in
that it comprises at least two helical blade portions
arranged at a mutual distance greater than the pitch.
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9. Apparatus according to claim 8 characterised in
that the mutual distance is a multiple of the pitch.
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FIG. 2
FIG. 3
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