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least one sensor for at least one parameter to be moni-
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Description

[0001] The present invention relates to an apparatus
for monitoring geotechnical, geological and structural,
hydrogeological and geophysical parameters of soils,
rocks and structures in general,

which comprises two or more rigid housing elements,
with at least one sensor for at least one parameter to be
monitored being mounted in at least one of them

which at least two or more rigid housing elements are
arranged in succession one after the other along a pre-
determined line or a predetermined axis, a deformable
connection element being interposed between each rigid
housing element and the one immediately next to it,
which sensors communicate with means for collecting
output signals from said sensors, which may be mounted
in the apparatus or in a separate remote station,
comprising means for removably securing the apparatus
to the soil to be monitored, consisting of anchor elements
adapted to radially expand within the bore hole, and a
line for feeding a pressurized fluid for radial expansion
of said anchor elements.

[0002] Such apparatus are known and extensively
used for monitoring soils or rocks or structures in general,
and are disclosed, forinstance, in patents IT0001323688
and IT0001346108 and EP 1,664,486 by the applicant
hereof, which are incorporated herein by reference.
[0003] The deformable connection elements include
helical spring, which allow the individual rigid housing
elements to move with at least one degree of freedom
relative to each other, whereby the apparatus is config-
ured as a column that is deformed in response to the
movements of the medium to be monitored, in which it
is inserted.

[0004] Intypical exemplary embodiments, the deform-
able connection elements may afford two degrees of free-
dom and hence allow deformations in directions lying on
a plane transverse to the longitudinal/axial direction of
the succession of rigid housing elements, as the so-
called 2D joints, or afford three degrees of freedom and
also allow, in addition to the above deformations, defor-
mations in the longitudinal/axial direction of the succes-
sion of rigid housing elements, as the so-called 3D joints.
[0005] The selection of either of the 2D and 3D base
configurations is made according to the purpose required
according to the medium to be monitored and to various
technical, economic and construction requirements.
[0006] Namely, for instance for landslide tilt monitor-
ing, which does not require measurement of the changes
in the distances between rigid housing elements, but only
of deflection between one rigid housing element and the
one nexttoit, a 2D joint should be used, which has a less
expensive construction while affording the same effec-
tiveness.

[0007] When both measurements of deflection and
monitoring of the distance between successive rigid
housing elements are required, e.g. in case of failures
due to soil stabilization or in case of underground col-
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lapses, or for measuring and dissipating the longitudinal-
ly/axially directed deformation component for particular
active landslide mechanisms,a 3D joint must be used,
which allows measurement of the z axis in addition to the
x and y axes, the z axis being defined as the longitudi-
nally/axially directed axis, and the x and y axes being
defined as the axes directed transverse to the longitudi-
nal/axial direction, particularly orthogonal to each other
and orthogonal to the z axis.

[0008] In a preferred embodiment, the axes may be
separated along the azimuthal plane, i.e. the x-y plane,
by removably locking the deformable connection element
against the soil, the rock or the structure to be monitored.
[0009] As a whole the modules, which consist of rigid
housing elements 1 connected together by deformable
connection elements 2 and having tilt and strain gage
sensors, allows reconstruction of the spatial attitude, in
the three x, y, z directions, of the deformations occurring
in a medium due to individual and combined deviation,
compression and extension actions, as shown in Figure
1aandin Figures 1b, 1c and 1d, which show a projection
on the x-y axis, a projection on the z-x axis and a projec-
tion on the z-y axis respectively.

[0010] Geometrical assessments can be related to a
second module 1’ or a general ith module 1".

[0011] Referring to a vertical zero-condition, the defor-
mation components in the three directions, related to the
ith module 1" are:

X; =z, -1ga;
Y, =z, 18P,
[+1 .

z, =
Jl+tg2ai +tg2ﬂi

where I: length of each module;

lmi: length of the spring for the ith module 1",

o. . angle detected by the instrument between the vertical
and the projection of the module in the x-z plane,

B . angle detected by the instrument between the vertical
and the projection of the module in the y-z plane.
[0012] The resultant for the displacement of the ith
module 1" on the horizontal plane is:

[ 2
=% T

4

whereas the vertical component of the deformed profile
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of a column composed of n modules is:

[0013] Likewise, the two horizontal components of
such deformed profile may be defined, as:

n
X, = D X,
i=1

yn = Zyl
i=1

[0014] Particularly, prior art 3D joints allow controlled
elongation of a mechanical limit stop, which is needed to
preserve the function of the apparatus with time; they
allow deflectionin the azimuthal plane above 90°, thereby
maintaining high tensile strength values; they prevent
any relative rotation between the rigid housing elements,
which is a basic requirement for ensuring consistent sen-
sor measurements in the different rigid housing ele-
ments, by preventing rotations between reference coor-
dinate axes; they are hollow and impervious to external
fluids.

[0015] Itis also known to use anchor elements as men-
tioned above, comprising an expandable outer surface
such that, when the anchor element is fed with a pres-
surized fluid, said outer surface radially expands and en-
gages with the walls of the bore hole, thereby locking the
apparatus.

[0016] The pressurized fluid is fed to the anchor ele-
ments using a conduit, particularly a single continuous
conduit, extending in each anchor element, parallel to
the axis thereof, and having one or more radially directed
apertures for communication with the cavity between the
two walls.

[0017] At the deformable connection elements, the
conduit may be formed by a portion of flexible tube, par-
ticularly spiraled with a smaller radius than the helical
springs, to be able to accommodate spring deformations
with no possible interference therewith.

[0018] The use of a flexible hose has the drawback of
exposing the anchor element feeding line to wear, with
the risk of failure and leakage of the pressurized liquid,
and consequent damages and malfunctioning.

[0019] The presentinvention has the object of obviat-
ing such drawbacks using an apparatus as described
hereinbefore, wherein said deformable connection ele-
ment has said fluid feeding line stably integrated therein,
which feeding line has sealed connections with said rigid
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housing elements and with the outside and communi-
cates with said anchor elements.

[0020] Thus, the pressurized fluid to be fed may be
conveyed to the anchor elements arranged over the
length of the succession of rigid housing elements with-
out requiring special pipes at the deformable connection
elements, the feeding line being stably integrated in the
structure of the deformable connection elements.
[0021] Inafurther exemplary embodiment, the feeding
line comprises conduits and chambers integrated in said
deformable connection element, particularly formed in
the walls of the tubular or rod-like elements that form the
deformable connection element itself.

[0022] In a preferred embodiment, the deformable
connection element comprises a connecting portion that
is deformable in the longitudinal/axial direction of said
succession of rigid housing elements and a connecting
portion that is deformable in one or more directions trans-
verse to said longitudinal/axial direction, which longitu-
dinally/axially deformable connecting portion comprises
a first element that is stably associated with a rigid hous-
ing element and a second element that is stably associ-
ated with said transversely deformable connecting por-
tion or with a further rigid housing element, said first el-
ement having a smaller diameter than the second ele-
ment and being adapted to freely and sealably slide
therein, and the fluid feeding conduits being interrupted
by a variable-volume distribution chamber, whose vol-
ume changes in response to the axial displacement of
both elements, a first conduit being formed in the first
element, which first element is sealably guided in an end
bushing of said distribution chamber, and which first con-
duit opens therein, a second conduit being provided,
which extends from said distribution chamber to said an-
chor element.

[0023] Due to the provision of a first element stably
associated with a rigid housing element, and a second
element stably associated with said deformable portion
or with a further rigid housing element, which two ele-
ments are engaged with each other while being displace-
able in the axial/longitudinal direction of the apparatus or
of at least one of the two housing elements, between two
limit stop positions corresponding to a maximum spaced-
apart distance and to a minimum approach distance of
said two housing elements, the longitudinal/axial defor-
mation of the deformable portion is allowed.

[0024] The provision of a variable-volume distribution
chamber ensures the continuity of the feeding line, with-
out preventing deformation of the deformable portion in
the longitudinal/axial direction and without requiring spe-
cial pipes. Furthermore, this chamber will act as a small
plenum for distribution of the pressurized fluid, compen-
sating for pressure losses generated by the feeding con-
duits along the joints, i.e. the connection elements.
[0025] Furthermore, in prior artapparatus are only pro-
vided at the rigid housing elements.

[0026] This will inevitably lead to an operational limi-
tation in all those cases in which the restraints with the
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bore holes should be located elsewhere from the rigid
housing elements.

[0027] Therefore, the presentinvention has the further
object of obviating this drawback, by providing an appa-
ratus as described hereinbefore, which further comprises
at least one anchor element located at least at one de-
formable connection element and/or located at least at
one rigid housing element.

[0028] Thus, anchor elements may be either arranged
both at the rigid housing elements and at the deformable
connection elements, or only at the rigid housing ele-
ments or at the deformable connection elements.
[0029] In one exemplary embodiment, said deforma-
ble connection element comprises a portion that is de-
formable in the longitudinal/axial direction of said suc-
cession of rigid housing elements and a portion that is
deformable in one or more directions transverse to said
longitudinal/axial direction, said at least one anchor ele-
ment being located at said portion that is deformable in
one or more directions transverse to said longitudinal/
axial direction.

[0030] Thus, the radial expansion of the anchor ele-
ments may occur both at the rigid housing elements and
at the portion that is deformable in one or more directions
transverse to the longitudinal/axial direction, but does not
concern the portion that is deformable in the longitudinal/
axial direction, so that the deformation thereof and the
associated measurements are not affected thereby.
[0031] Inyetanother embodiment, atleast one anchor
element located at a rigid housing element comprises
means for preventing or restricting the radial expansion
of the anchor element.

[0032] These means may be, for instance, a rigid pipe
section or reinforcement collars or strips placed around
the anchor elements to prevent radial expansion thereof.
[0033] This peculiar feature affords important advan-
tages during installation of a pre-assembled apparatus,
whenever special restraints are required at significant
layers.

[0034] Moreover, in prior art apparatus, the apparatus
may directly lie in the soil without being supported by
covering pipes, as it acts itself as a support element for
the pre-bored hole which provides a stronger support
than the PVC and aluminum pipes that are typically used
as covers in geognostic surveys.

[0035] The radial expansion of anchor elements both
creates an integral constraint with the various layers,
which is required to measure any change in their thick-
ness with time, e.g. caused by compression, like in the
case of vertical failure, or decompression, like in the case
of tunneling, and also allows effective restoration of the
natural groundwater separation, if any.

[0036] The expansion of the various anchor elements
allows the bore hole to be completely closed, for differ-
ential monitoring of neutral stresses with time over the
entire length of the hole to be monitored.

[0037] The expansion of these anchor elements also
helps to create a strong coupling between the rigid hous-
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ing elements and the soil, which is particularly useful for
tilt, acceleration or seismic measurements.

[0038] Likewise, in the boring technology, injection of
packers is known, both in the oil sector and in soil stabi-
lization, when actions have to be well targeted to various
levels.

[0039] Nevertheless, the packers for boring or for geo-
physical uses are not suitable for the type of confinement
required for long line distributions.

[0040] The increase of the diameter of the expandable
pipe is typically obtained by sliding a sleeve relative to a
central pipe, thereby exerting both a radial and an axial
action, the latter being applied along the measurement
axis, in the longitudinal/axial direction, which would be
incompatible with the required measurement.

[0041] The only action that should be exerted by an
anchor for a longitudinally/axially directed monitoring
system is a radial effort against the walls of the bore hole;
therefore, a simple thick tubular member, e.g. made of
rubber or vulcanized rubber, might expand due to an in-
crease ininternal pressure, as compared with outer pres-
sure.

[0042] This system, when used individually, with direct
observation of expansion by a skilled operator is known
and effective.

[0043] In real applications, in case of long chains of
elements in contact with soils of different consistencies
(e.g. with alternate layers or resistant and very soft ma-
terials) or when groundwater is present, multiple elastic-
ity-based anchor systems do not adequately ensure suc-
cess.

[0044] Inpractice, differentresistances of soils and dif-
ferent external pressures due by the piezometric gradient
might cause excessive expansion of certain anchor ele-
ments as compared with others, and might lead to bursts
or poor expansion; therefore, the need arises for a device
for controlling the expansion of the anchor elements.
[0045] The presentinvention has the object of obviat-
ing the above drawbacks, and provides an apparatus as
described above, which further comprises means for re-
stricting the radial expansion of said anchor elements,
so that said radial expansion is prevented beyond a pre-
determined limit value.

[0046] These means have the advantage of setting a
limit to radial expansion of anchor elements, that cannot
be exceeded as pressurized fluid is being fed to the an-
chor elements.

[0047] According to an exemplary embodiment, said
radial expansion restricting means comprise a retention
member made of a relatively inelastic material, which is
placed around said outer surface, particularly a tubular
cable braid.

[0048] In yet another exemplary embodiment, said re-
tention member is surrounded by a tubular elastic ele-
ment, so that, as the pressure of the pressurized feed-
fluid in said anchor element decreases, said tubular elas-
tic element stresses said retention element and said out-
er surface of the anchor element toward the interior of
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the anchor element.

[0049] Furthermore, in prior art apparatus a problem
is still to be solved about the position of strain gage sen-
sors, especially during assembly, which involves an in-
creased risk of distorted measurements, or even struc-
tural failure.

[0050] The presentinvention obviatesthe above draw-
backs by an apparatus as described hereinbefore, which
further comprises a strain gage composed of a stationary
part and a control rod that is movable relative thereto,
the stationary part being stably connected to a rigid hous-
ing element and the control rod being connected to a
further rigid housing element or a deformable connection
element, means being provided for automatically center-
ing and connecting said control rod to said further rigid
housing element or said deformable connection element
so that said control rod is allowed to move relative to the
deformable connection element or the rigid housing ele-
ment between the two limit stop positions corresponding
to those of the deformable connection element.

[0051] In a preferred embodiment, said centering and
connection means include a magnet located at said fur-
ther rigid housing element or said deformable connection
element, the end of the control rod being adapted to en-
gage with said further rigid housing element or with said
deformable connection element made of ferromagnetic
material.

[0052] Furthermore, in prior art apparatus, electric ca-
bles are often used in the deformable connection element
for connection of the various rigid housing elements,
which cables have a predetermined excess length to ac-
commodate any deformation.

[0053] These cables are oftenin spiral form, to accom-
modate any deformation.

[0054] This involves the drawback of exposing electric
cables to wear and failures, and consequently breaking
the electric contact.

[0055] The present invention has the further object of
obviating this drawback, by providing an apparatus as
described hereinbefore, in which said deformable con-
nection element allows deformation in the longitudinal/
axial direction of said succession of rigid housing ele-
ments, telescopic electric connections being provided in
said deformable connection element.

[0056] Inafurtherembodiment, said telescopic electric
connections consist of microtubes, which are composed
of at least one female element made of a highly conduc-
tive material and at least one male element made of a
highly conductive material, wherein the inside diameter
of the female element is adapted to tightly and slideably
receive the male element, whose outside diameter sub-
stantially fits therewith, to provide an electric wiping con-
tact.

[0057] Telescopic electric connections have the ad-
vantage of having small space requirements, of facilitat-
ing the connection between the rigid housing element
and the deformable connection element and of perfectly
accommodating extension.
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[0058] Furthermore, in the typical configuration of
these apparatus that allow repetitive linking of rigid hous-
ing elements and deformable connection elements, elec-
tric connection occurs semiautomatically, by only looking
for an external reference line during assembly.

[0059] Furthermore, in prior art apparatus, the deform-
able connection element part that can be deformed in
the longitudinal/axial direction is maintained in a neutral
reference position for strain gage measurements by two
opposed springs, a first tension-operating spring and a
second compression-operating spring.

[0060] The use of two springs may be burdensome
both in terms of costs and in terms of installation and
maintenance.

[0061] The two springs have dimensions that require
a predetermined working space, also due to the impos-
sibility of entirely compressing them, which would cause
structural failure thereof.

[0062] The presentinvention also has the object of ob-
viating these drawbacks, by an apparatus as described
hereinbefore, in which said deformable connection ele-
ment comprises a portion that is deformable in the lon-
gitudinal/axial direction of said succession of rigid hous-
ing elements and a portion that is deformable in one or
more directions transverse to said longitudinal/axial di-
rection, which longitudinally/axially deformable portion
comprises a single spring operable by tension and com-
pression to define a neutral reference position for strain-
gage measurements.

[0063] Inafurther exemplary embodiment, said spring
is a helical spring composed of three different sections
having turns with different diameters, the diameter of said
turns being smaller in a first end section, intermediate in
an intermediate section and greater in the other end sec-
tion.

[0064] This novel feature is very important, as it allows
size reduction and easy spring replacement in case of
changes of the neutral reference position, with the pos-
sibility of favoring the compression or extension stroke
of the lengthening element, by mounting springs of var-
ious lengths and strengths.

[0065] The above objects, for which various solutions
have been proposed, as described and claimed herein,
may be addressed either individually or in combination,
whereby the special technical solutions may be imple-
mented either in combination with one or more of the
other technical solutions for fulfilling one or more of the
other intended objects, or separately, in an apparatus as
described hereinbefore, i.e. as defined in the preamble
of the main claim.

[0066] These and other features and advantages of
the invention will be more apparent from the following
description of a few embodiments shown in the accom-
panying drawings, in which:

Figs. 1a, 1b, 1c and 1d show geometrically schemat-
ic views of the apparatus of the present invention;
Figs. 2a, 2b and 2c are schematic views of the ap-



9 EP 2 527 538 A1 10

paratus in three different operating steps;

Figs. 3a, 3b and 3c show an intermediate section of
the apparatus;

Figs. 4a and 4b show an end section of the appara-
tus;

Figs. 5a and 5b show a starting section of the appa-
ratus;

Fig. 6a shows an intermediate section composed of
two rigid housing elements coupled together by a
deformable connection element;

Figs. 6b and 6¢ show different views of an interme-
diate section of the apparatus;

Fig. 6d shows a detail of the tilt sensor in a direction
transverse to the longitudinal/axial direction;

Figs. 7a, 7b, 7c and 7d show further different views
of an intermediate section of the apparatus;

Figs. 8a, 8b, 8c, 8d show different possible configu-
rations of the apparatus;

Fig. 9 shows an exemplary embodiment of means
for preventing or restricting the radial expansion of
an anchor element.

Figs. 2a, 2b and 2c¢ show the apparatus in three dif-
ferent operating steps.

[0067] The special detailed construction of the appa-
ratus of the present invention is disclosed in
IT0O001323688 and 1T0001346108 and EP 1,664,586,
which is incorporated herein in all the common un-
changed features of technical principles of the present
invention, as described below in greater detail. Certain
common features will be also expressly disclosed herein,
for better understanding thereof.

[0068] The apparatus comprises a plurality of rigid
housing elements 1 containing sensors for monitoring
one or more parameters.

[0069] The rigid housing elements 1 are arranged in
succession one after the other along a predetermined
line or a predetermined axis, a deformable connection
element 2 being interposed between each rigid housing
element 1 and the one immediately next to it.

[0070] The sensors communicate with means for col-
lecting output signals, which may be mounted in the ap-
paratus or in a separate remote station.

[0071] Means are further provided for removably se-
curing the apparatus to the soil to be monitored, consist-
ing of anchor elements 3 adapted to radially expand with-
in the bore hole 4, and a line for feeding a pressurized
fluid for radial expansion of said anchor elements.
[0072] In afirst operating step, as shown in Figure 2a,
the apparatus is introduced into the bore hole 4; then, as
shown in Figure 2b, the apparatus receives a pressurized
feed fluid, for feeding the anchor elements 3, each of the
latter comprising an expandable outer surface such that,
when the anchor element 3 is fed with the pressurized
fluid, the outer surface radially expands and engages with
the walls of the bore hole 4, thereby locking the appara-
tus; finally, as schematically shown in Figure 2c, defor-
mations of the apparatus with time are monitored, which
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deformations correspond to deformations of the bore
hole 4 in which the apparatus is inserted, and hence to
those of the soil in which the bore hole 4 has been formed.
[0073] Figures 3a, 3b and 3c show an intermediate
section of the apparatus, with reference to the succession
of rigid housing elements as shown in Figures 2a, 2b and
2c.

[0074] Figure 3a is a general view that clearly shows
the rigid housing element 1 surrounded by the anchor
element 3.

[0075] The top portion contains the sensors and is de-
signed to be introduced into a further rigid housing ele-
ment 1.

[0076] This is clearly shown in Figure 6a, in which the
two rigid housing elements 1 are coupled by adeformable
connection element 2.

[0077] Figure 3b is a sectional view that shows the
entire deformable connection element 2, which compris-
es a portion that is deformable in the longitudinal/axial
direction 20 of said succession of rigid housing elements
and a portion that is deformable in one or more directions
transverse to said longitudinal/axial direction 21.

[0078] The deformable connection element 2 is shown
in greater detail in Figure 3c.

[0079] Figure 4a shows an end section of the appara-
tus, with reference to the succession of rigid housing el-
ements as shown in Figures 2a, 2b and 2c.

[0080] Figure 4b is a cross sectional view of a detail
of the deformable connection device 1, particularly relat-
ed to the section of Figure 4a, but substantially identical
to what is shown in Figures 3b and 3c.

[0081] The deformable connection element 2 has the
fluid feeding line stably integrated therein, which feeding
line has sealed connections with said rigid housing ele-
ments 1 and with the outside and communicates with the
anchor elements 3.

[0082] The feeding line comprises conduits and cham-
bers integrated in the deformable connection element 2,
particularly formed in the walls of the tubular or rod-like
elements that form the deformable connection element
2 itself.

[0083] Particularly, the longitudinally/axially deforma-
ble portion 20 comprises a first element 22 that is stably
associated with a rigid housing element 1 and a second
23 element that is stably associated with said transverse-
ly deformable portion.

[0084] Thefirstelement22 hasasmallerdiameterthan
the second element 23 and is free to slide therein.
[0085] The fluid feeding conduits are interrupted by a
variable-volume distribution chamber 24, whose volume
changes in response to the axial displacement of both
elements, a first conduit 220 being formed in the first
element 22, which first element 22 is sealably guided in
an end bushing 240 of said distribution chamber 24, and
which first conduit 22 opens therein, and a second con-
duit which extends from said distribution chamber 24 to
said anchor element 3.

[0086] The first element 22 is adapted to slide in the
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second element 23 and the distribution chamber 24 be-
tween two end positions, due to a limit stop element 25
operating in both ways of the longitudinal/axial direction.
[0087] The end of the first conduit 220 that does not
open into the distribution chamber 24, not shown, is in
such position as to open into a further conduit or hole
222 formed in the wall of an additional rigid housing el-
ement 1, which may be coupled to the first element 22,
and which further conduit or hole 222 communicates with
the anchor element 3 located on such additional rigid
housing element 1, as clearly shown in Figure 6c¢.
[0088] Such other end of the first conduit 22 may be
also threaded, for attachment of a pressure sensor.
[0089] In the distribution chamber 24, the fluid is re-
tained by seals that allow the first element 22 to slide in
the distribution chamber 24, and hence allow the deform-
able connection element 2 to move in the longitudinal/
axial direction.

[0090] Figures 5a and 5b show a starting section of
the device, with the injection hole 7 for injection of the
pressurized fluid into the apparatus being well visible.
[0091] The construction of the connection element 2
as shown in the above figures allows various connecting
combinations of the rigid housing elements, according to
the monitoring apparatus and the medium to be moni-
tored, as shown in Figures 8a, 8b, 8c and 8d.

[0092] In Figures 8a, 8b, 8c and 8d, the apparatus is
divided into functional structural elements as described
above, which may be arranged in different sequences.
[0093] Figure 8a shows a first possible configuration,
in which the deformable connection element 2 is com-
posed of a first element 22, a distribution chamber 24, a
portion deformable in one or more directions transverse
to said longitudinal/axial direction 21, a further distribu-
tion chamber 24, and a further first element 22, in this
order.

[0094] Each of the first elements 22 is coupled to a
rigid housing element 1.

[0095] In this case, the portion deformable in one or
more directions transverse to said longitudinal/axial di-
rection 21 consists of a double reinforced elastic tubular
member.

[0096] This configuration is suitable for automatic con-
nection of rigid housing elements when important relative
movements are expected, with a simple position con-
straint, particularly one for each combination comprising
a rigid housing element 1 and a deformable connection
element 2, and is preferred for apparatus whose length
exceeds 20 meters, in cohesive deposits and rock, with
low permeation or with no groundwater.

[0097] Inthe second configuration, as shown in Figure
8b, the order of the components of the deformable con-
nection element is the same, but the construction of the
portion deformable in one or more directions transverse
to said longitudinal/axial direction 21 changes, as it con-
sists of an elastic tubular member with an anchor element
3 attached thereto.

[0098] This configuration may be used for automatic
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connection of rigid housing elements 1 when large rela-
tive movements are expected, orin case of stratified soils
that require a double position constraint, particularly two
constraints per combination comprising a rigid housing
element 1 and a deformable connection element 2 in
yielding soils.

[0099] Figure 8cshows the third configuration, in which
the deformable connection element 2 is composed of a
first element 22, a portion deformable in one or more
directions transverse to said longitudinal/axial direction
21, a distribution chamber 24, and a further first element
22, in this order.

[0100] Once again, the portion deformable in one or
more directions transverse to said longitudinal/axial di-
rection 21 consists of a double reinforced elastic tubular
member.

[0101] This configuration can be used for automatic
connection of rigid housing elements 1 when minor rel-
ative movements are expected, with a simple position
constraint, particularly one constraint for each combina-
tion comprising a rigid housing element 1 and a deform-
able connection element 2 in medium consistency soils
and/or with groundwater.

[0102] In the fourth configuration, as shown in Figure
8d, the sequence of the components is the same as in
the configuration of Figure 8c, except that the portion
deformable in one or more directions transverse to said
longitudinal/axial direction 21 consists of a simple rein-
forced elastic tubular member, and that the an anchor
element 3 also covers such elastic tubular member.
[0103] This configuration can be used for connections
with an expandable overlay with position adjustable to a
maximum surface of about 80% of the total surface, when
minor relative movements are expected, and with simple
position constraints, but extending in thin stratified low-
to-medium consistency soils and/or with one or more
groundwaters.

[0104] Figure 8b also shows an embodiment of the in-
ventive apparatus, which comprises at least one anchor
element 3 located at least at one deformable connection
element 2.

[0105] The anchor elements 3 may be either arranged
both at the rigid housing elements 1 and at the deform-
able connection elements 2, or only at the rigid housing
elements 1 or at the deformable connection elements 2.
[0106] Particularly, the anchor element 3 is located at
the portion deformable in one or more directions trans-
verse to said longitudinal/axial direction 21.

[0107] Tilt sensors are also provided in a direction
transverse to the longitudinal/axial direction, whose po-
sition is shown, for instance, in Figure 7b, and which are
illustrated in greater detail in Figure 6d.

[0108] Figures 7a to 7d also show two pressure sen-
sors 11, one of which is connected to the first conduit
220 for sensing the pressure of the anchor element 3,
and the other is connected to an additional separate con-
duit, not shown, which is in contact with the outside for
measuring, for instance, the groundwater pressure.
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[0109] Means may be provided for preventing or re-
stricting the radial expansion of an anchor element 3 at
a rigid housing element 1.

[0110] These means, not shown, may be for instance
a rigid pipe section or reinforcement collars or strips
placed around the anchor elements 3 to prevent radial
expansion thereof.

[0111] The present invention further relates to an ap-
paratus as described above, which further comprises
means for restricting the radial expansion of said anchor
elements, so that said radial expansion is prevented be-
yond a predetermined limit value, which means comprise
a retention member made of a relatively inelastic mate-
rial, which is placed around said outer surface, particu-
larly a tubular cable braid.

[0112] The anchor element has an expandable outer
surface consisting of a coaxial tubular member which di-
rectly contacts the rigid housing element, and is made of
a high-density elastomeric material, such as neoprene
or 68-polyurethane, having excellent elasticity and wear-
resistance properties.

[0113] For this purpose natural rubber, synthetic rub-
ber or another elastic material of suitable thickness may
be also used.

[0114] Such expandable outer surface expands with
the increase of the internal pressure and is restored to
the initial configuration when the internal pressure is de-
creased again.

[0115] The housing for the tubular braid, which is a
seamless continuous high-resistance cable, is external
to this expandable tubular member.

[0116] High-resistance cables may be of any type and
the tubular braid may be formed by a circular knitting
machine, to create a knotless elastic net 5, as shown in
Figure 9, that can expand and evenly distribute pressure
over the entire free surface.

[0117] The tubular braid is further surrounded by a tu-
bular elastic element, so that, as the pressure of the pres-
surized feed-fluid in said anchor element decreases, the
tubular elastic element stresses said retention element
and the outer surface of the anchor element toward the
interior of the anchor element.

[0118] Therefore, the expandable portion of the anchor
element is composed of at least 3 layers, with the elastic
element being alternated to the three-dimensional tubu-
lar braid of high-resistance cables.

[0119] This construction can restrict the maximum
free-way expansion and withstand, under maximum ex-
pansion conditions, significant pressure increase values,
at least 4-5 times higher than free-way burst pressure.
[0120] As mentioned above, the elastic tubular mem-
ber has the purpose of stressing the reinforcing braid
toward the inner elastic tubular member, thereby gener-
ating an evenly reacting assembly of layers, that can re-
tain, protect and restore the original position of the tubular
reinforcement by releasing the pressure of the feed fluid.
[0121] Thethree layers are locked at their ends to one
another and to the rigid housing element by the compres-
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sion of a cylindrical bushing that causes a significant di-
ameter reduction at the ends and is coupled to the rigid
housing element by special grooves formed on the body
of the rigid housing element, to prevent any lateral sliding
displacement during radial expansion.

[0122] As the tubular member is inflated, the diameter
progressively expands due to the elasticity of the elas-
tomer, while its thickness is reduced, until the tubular
reinforcement braid is tensioned, and effectively restricts
expansion.

[0123] The fast pressure increase can be detected by
a pressure gage and may confirm expansion of all anchor
elements and their firm grip.

[0124] Under these conditions, the anchor elements
exert a pressure along the walls of the bore hole and
adapt thereto, while generating a containing action re-
quired not only for stabilization of the tilt and strain gage
measurement system but also for separation of any
groundwaters, to allow effective measurement of inter-
stitial pressures and/or other parameters.

[0125] The anchor elementis constantly monitored by
a series of pressure sensors.

[0126] Long-term maintenance of the inflation pres-
sure may be also obtained by direct connection to an
external bottle, equipped with a regulator and/or by a
compressor.

[0127] Theanchoring effect may be removed by simply
releasing the pressure in the anchor elements, thereby
restoring the initial diameter conditions; as the external
tubular elastic member shrinks, the tubular braid can con-
tract, and the system may be removed from the soil.
[0128] The extraction of the apparatus from the soil is
also facilitated by rhythmic expansion of the anchor ele-
ments, in combination with tensioning, which expansion
may be also enhanced by pressures exceeding the op-
erating pressures of the system, due to the reinforcement
with which each anchor element is equipped.

[0129] The present invention also relates to an appa-
ratus comprising a strain gage 6, as shown for instance
in Figure 3b.

[0130] Such strain gage 6 is composed of a stationary
part and a control rod that can be displaced relative to it,
the stationary part being stably connected to arigid hous-
ing element 1 and the control rod being connected to a
further rigid housing element or a deformable connection
element.

[0131] Means are further provided for automatically
centering and connecting the control rod to the further
rigid housing element 1 or the deformable connection
element 2 so that the control rod is allowed to move rel-
ative to the deformable connection element 2 or the rigid
housing element between the two limit stop positions cor-
responding to those of the deformable connection ele-
ment.

[0132] In a preferred embodiment, the centering and
connection means include a magnet 8, as shown for in-
stance in Figure 3c, which is located at the further rigid
housing element or the deformable connection element,
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the end of the control rod being adapted to engage with
the further rigid housing element 1 or with the deformable
connection element 2 made of ferromagnetic material.
[0133] In a preferred configuration, one or more strain
gages are mounted in line to the support of the boards
and the tilt meters, for perfect centralization of the drive
rod and miniaturization of the detection system.

[0134] Thedriverod ofthe strain gage, of presetlength,
is connected at the sensor end by an m/f joint and con-
tains a ferromagnetic element at the other end, thereby
automatically coupling to a magnet 8 accommodated at
the center of the support containing the microtubes of
the telescopic extensible electric connection 9.

[0135] This can afford a size reduction and ensure
easy mounting, according to the degree of mechanical
freedom and the position of the sensor.

[0136] The magnet 8 may be mounted in both head
and tail positions to the portion of deformable connection
element that deforms in one or more directions trans-
verse to the longitudinal/axial direction, for relative and
absolute measurements respectively, including any elon-
gation or compression due to the movement in such sec-
tion.

[0137] In the latter case, a longer connecting rod is
provided which also extends through the portion of the
deformable connection element that deforms in one or
more directions transverse to the longitudinal/axial direc-
tion.

[0138] The present invention also relates to an appa-
ratus having telescopic electric connections 9 in the de-
formable connection element 2.

[0139] Such telescopic electric connections 9 consist
of microtubes, which are composed of at least one female
element made of a highly conductive material and at least
one male element made of a highly conductive material,
in which the inside diameter of the female element is
adapted to tightly and slideably receive the male element,
whose outside diameter substantially fits therewith, to
provide an electric wiping contact.

[0140] The telescopic electric connections are shown,
for instance, in Figures 7a, 7b, 7c and 7d.

[0141] Figure 6b also shows the contact holder 90
comprising the female elements.

[0142] Suchmicrotubes are preferably made of copper
or brass.
[0143] The present invention further relates to an ap-

paratus in which the portion that is deformable in the lon-
gitudinal/axial direction 20 comprises a single spring 27,
which is clearly shown, for instance, in Figure 4b, oper-
able both by tension and by compression to define a neu-
tral reference position for strain gage measurements.
[0144] The spring 27 is a helical spring composed of
three different sections having turns with different diam-
eters, the diameter of the turns being smaller in a first
end section, intermediate in an intermediate section and
greater in the other end section.

[0145] The springis held in position by respective ring
nuts operating on the diameter change, to ensure proper
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fixation thereof for compression and tension movements
respectively.

Claims

1. An apparatus for monitoring geotechnical, geologi-
cal and structural, hydrogeological and geophysical
parameters of soils, rocks and structures in general,
which comprises two or more rigid housing elements,
with at least one sensor for at least one parameter
to be monitored being mounted in at least one of
them
which at least two or more rigid housing elements
are arranged in succession one after the other along
a predetermined line or a predetermined axis, a de-
formable, particularly extensible and flexible connec-
tion element being interposed between each rigid
housing element and the one immediately next to it,
which sensors communicate with means for collect-
ing output signals from said sensors, which may be
mounted in the device or in a separate remote sta-
tion,
comprising means for removably securing the device
to the soil to be monitored, consisting of anchor el-
ements adapted to radially expand within the bore-
hole, and a line for feeding a pressurized fluid for
radial expansion of said anchor elements
characterized in that
said deformable connection element has said fluid
feeding line stably integrated therein, which feeding
line has sealed connections with said rigid housing
elements and with the outside and communicates
with said anchor elements.

2. An apparatus as claimed in claim 1, characterized
in that said feeding line comprises conduits and
chambers integrated in said deformable connection
element, particularly formed in the walls of the tubu-
lar or rod-like elements that form the deformable con-
nection element itself.

3. Anapparatus as claimed in claim 1 or 2, character-
ized in that said deformable connection element
comprises a portion that is deformable in the longi-
tudinal/axial direction of said succession of rigid
housing elements and a portion that is deformable
in one or more directions transverse to said longitu-
dinal/axial direction, which longitudinally/axially de-
formable portion comprises afirst element thatis sta-
bly associated with a rigid housing element and a
second element that is stably associated with said
transversely deformable portion or with a further rigid
housing element, said first element having a smaller
diameter than the second element and being adapt-
ed to freely slide therein, and the fluid feeding con-
duits being interrupted by a variable-volume distri-
bution chamber, whose volume changesinresponse
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to the axial displacement of both elements, a first
conduit being formed in the first element, which first
element is sealably guided in an end bushing of said
distribution chamber, and which first conduit opens
therein, and a second conduit which extends from
said distribution chamber to said anchor element.

An apparatus for monitoring geotechnical, geologi-
cal and structural, hydrogeological and geophysical
parameters of soils, rocks and structures in general,
which comprises two or more rigid housing elements,
with at least one sensor for at least one parameter
to be monitored being mounted in at least one of
them

which at least two or more rigid housing elements
are arranged in succession one after the other along
a predetermined line or a predetermined axis, a de-
formable, connection element being interposed be-
tween each rigid housing element and the one im-
mediately next to it, which deformable connection
element provides at least one degree of freedom in
the relative motion of the two rigid elements connect-
ed thereby,

which sensors communicate with means for collect-
ing output signals from said sensors, which may be
mounted in the device or in a separate remote sta-
tion,

comprising means for removably securing the appa-
ratus to the soil to be monitored, consisting of anchor
elements adapted to radially expand within the bore-
hole,

characterized in that

it comprises at least one anchor element located at
least at one deformable connection element and/or
located at least at one rigid housing element.

An apparatus as claimed in claim 4, characterized
in that said deformable connection element com-
prises a portion that is deformable in the longitudinal/
axial direction of said succession of rigid housing
elements and a portion that is deformable in one or
more directions transverse to said longitudinal/axial
direction, said at least one anchor element being lo-
cated at said portion that is deformable in one or
more directions transverse to said longitudinal/axial
direction.

An apparatus as claimed in claim 4, characterized
in that at least one anchor element located at a rigid
housing element comprises means for preventing or
restricting the radial expansion of the anchor ele-
ment.

An apparatus for monitoring geotechnical, geologi-
cal and structural, hydrogeological and geophysical
parameters of soils, rocks and structures in general,
which comprises two or more rigid housing elements,
with at least one sensor for at least one parameter
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10.

to be monitored being mounted in at least one of
them

which at least two or more rigid housing elements
are arranged in succession one after the other along
a predetermined line or a predetermined axis, a de-
formable, connection element being interposed be-
tween each rigid housing element and the one im-
mediately next to it, which deformable connection
element provides at least one degree of freedom in
the relative motion of the two rigid elements connect-
ed thereby,

which sensors communicate with means for collect-
ing output signals from said sensors, which may be
mounted in the device or in a separate remote sta-
tion,

comprising means for removably securing the device
to the soil to be monitored, consisting of anchor el-
ements adapted to radially expand within the bore-
hole, whose radial expansion is caused by feeding
a pressurized fluid into said anchor elements, which
have an outer surface made of an expandable elastic
material,

characterized in that

it comprises means for restricting the radial expan-
sion of said anchor elements, so that said radial ex-
pansion is prevented beyond a predetermined limit
value.

An apparatus as claimed in claim 7, characterized
in that said radial expansion restricting means com-
prise a retention member made of a relatively ine-
lastic material, which is adapted to surround said out-
er surface, particularly a tubular braid.

An apparatus as claimed in claim 8, characterized
in that said retention member is surrounded by a
tubular elastic element, so that, as the pressure of
the pressurized feed-fluid in said anchor element de-
creases, said tubular elastic element stresses said
retention element and said outer surface of the an-
chor element toward the interior of the anchor ele-
ment.

An apparatus for monitoring geotechnical, geologi-
cal and structural, hydrogeological and geophysical
parameters of soils, rocks and structures in general,
which comprises two or more rigid housing elements,
with at least one sensor for at least one parameter
to be monitored being mounted in at least one of
them

which at least two or more rigid housing elements
are arranged in succession one after the other along
a predetermined line or a predetermined axis, a de-
formable, connection element being interposed be-
tween each rigid housing element and the one im-
mediately next to it, which deformable connection
element provides at least one degree of freedom in
the relative motion of the two rigid elements connect-
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ed thereby,

which sensors communicate with means for collect-
ing output signals from said sensors, which may be
mounted in the device or in a separate remote sta-
tion,

characterized in that

it comprises a strain gage composed of a stationary
partand a control rod thatis movable relative thereto,
the stationary part being stably connected to a rigid
housing element and the control rod being connect-
ed to a further rigid housing element or a deformable
connection element, means being provided for au-
tomatically centering and connecting said control rod
to said further rigid housing element or said deform-
able connection element so that said control rod is
allowed to move relative to the deformable connec-
tion element or the rigid housing element between
the two limit stop positions corresponding to those
of the deformable connection element.

An apparatus as claimed in claim 10, characterized
in that said centering and connection means include
a magnet located at said further rigid housing ele-
ment or said deformable connection element, the
end of the control rod adapted to engage with said
further rigid housing element or with said deformable
connection element being made of ferromagnetic
material.

An apparatus for monitoring geotechnical, geologi-
cal and structural, hydrogeological and geophysical
parameters of soils, rocks and structures in general,
which comprises two or morerigid housing elements,
with at least one sensor for at least one parameter
to be monitored being mounted in at least one of
them

which at least two or more rigid housing elements
are arranged in succession one after the other along
a predetermined line or a predetermined axis, a de-
formable, connection element being interposed be-
tween each rigid housing element and the one im-
mediately next to it, which deformable connection
element provides at least one degree of freedom in
the relative motion of the two rigid elements connect-
ed thereby,

which sensors communicate with means for collect-
ing output signals from said sensors, which may be
mounted in the device or in a separate remote sta-
tion,

characterized in that

said deformable connection element allows defor-
mation in the longitudinal/axial direction of said suc-
cession of rigid housing elements, telescopic electric
connections being provided in said deformable con-
nection element.

An apparatus as claimed in claim 12, characterized
in that said telescopic electric connections consist
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of microtubes, which are composed of at least one
female element made of a highly conductive material
and at least one male element made of a highly con-
ductive material, wherein the inside diameter of the
female element is adapted to tightly and slideably
receive the male element, whose outside diameter
substantially fits therewith, to provide an electric wip-
ing contact.

An apparatus for monitoring geotechnical, geologi-
cal and structural, hydrogeological and geophysical
parameters of soils, rocks and structures in general,
which comprises two or more rigid housing elements,
with at least one sensor for at least one parameter
to be monitored being mounted in at least one of
them

which at least two or more rigid housing elements
are arranged in succession one after the other along
a predetermined line or a predetermined axis, a de-
formable, connection element being interposed be-
tween each rigid housing element and the one im-
mediately next to it, which deformable connection
element provides at least one degree of freedom in
the relative motion of the two rigid elements connect-
ed thereby,

which sensors communicate with means for collect-
ing output signals from said sensors, which may be
mounted in the device or in a separate remote sta-
tion,

characterized in that

said deformable connection element comprises a
portion that is deformable in the longitudinal/axial di-
rection of said succession of rigid housing elements
and a portion that is deformable in one or more di-
rections transverse to said longitudinal/axial direc-
tion, which longitudinally/axially deformable portion
comprises a single spring operable by tension and
compression to define a neutral reference position
for strain-gage measurements.

An apparatus as claimed in claim 14, characterized
in that said spring is a helical spring composed of
three different sections having turns with different
diameters, the diameter of said turns being smaller
in a first end section, intermediate in an intermediate
section and greater in the other end section.

An apparatus as claimed in one or more of the pre-
ceding claims characterized in that it comprises a
combination of claims 1 to 4 with any one or more
of claims 5 to 15 or a combination of claim 5 or 6 with
one or more of claims 1 to 4 and 7 to 15, or a com-
bination of claims 7 to 9 with one or more of claims
1 to 6 and 10 to 15 or a combination of claim 10 or
11 with one or more of claims 1to 9 and 12 to 15 or
a combination of claim 12 or 13 with one or more of
claims 1to 11 and 14 to 15 or a combination of claim
14 or 15 with one or more of claims 1 to 13.
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