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An integrated system and method for measuring deformations and/or stresses in one-

dimensional elements

Technical field

The present invention is generally in the field of measurements of forces, stresses,
deformations, etc.; in particular, the invention refers to an integrated system and a method
for measuring the deformation and/or stress in structural elements adapted to be

incorporated in building constructions.
Prior art

The measurement of deformations in structural elements is generally carried out using
electrical strain gauges, electrical and mechanical comparators, vibrating wire strain
gauges or fiber optics with Bragg gratings. The aim is to measure the average deformation
with respect to a measurement base on the order of a few millimeters (electrical strain

gauges) or up to several tens of centimeters (vibrating wire strain gauges).

Such instruments may be applied to the external surface of the elements to be measured for
deformation, or they may be inserted inside the structures, as in the case of civil structures
made of reinforced concrete. In the latter case, the devices are positioned before the casting

of the concrete, thus becoming embedded within the elements themselves.

Instruments such as electrical strain gauges may be applied both on the outside and the
inside of the structures. Traditionally, when placed internally, they are bonded to the metal
reinforcement bars. On the other hand, if applied to the surface, they are bonded directly to

the concrete.

Optical fibers are also traditionally used as a system for measuring deformation, and may
be positioned both internally and externally in reinforced concrete structures. Some known
solutions include the use of fiber optics with Bragg gratings housed and bonded inside a

seat formed along the longitudinal ribs of steel bars.
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Generally, optical fibers are fastened to the reinforcement grating and embedded in the
casting, or are bonded externally to the element the deformations of which are to be

measured.

Electrical and mechanical comparators are generally applied outside the structures. The
measurements made by such devices are related to respective bases of measurement, i.e. to
pairs of spaced application points. The distance between the bases of measurement is
usually on the order of centimeters, and the elongation value read is divided by the distance

between the bases to provide the average deformation.

Vibrating wire strain gauges may be used both as external and internal systems and exploit
the variation of the vibration frequency of a component of the system to trace the
elongation between two fixed points (bases) and thus an average deformation in reference

to such bases.

It may be stated that the measurement of deformation is more accurate and, in some
respects, more useful for structural monitoring, the shorter the length of the measurement

base with respect to the structural dimensions.

It is also important to note that devices, such as electrical strain gauges, if applied on the
surfaces of interfapes between different materials (e.g. on the outer surface of reinforcing
bars in reinforced concrete elements), may give rise to insignificant measurements also due
to local cracks and sliding, as well as to alteration of the adhesion between the steel and

concrete locally.

In order to overcome this drawback, a prior art solution has been proposed which involves
cutti-n'g a steel bar for reinforced concrete longitudinally in two parts and bonding the strain
gauges in a recess centered on the axis of the bar, then rejoining the two cut parts of the
steel bar by welding. In this way, the aforementioned problem of the application of the
strain gauges on the steel-concrete interface is overcome, and such solution allows the

deformation value along the axis of the steel element to be obtained. Moreover, the inner
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axial position of each strain gauge with respect to the bar allows the use of a single strain

gauge instead of a pair of strain gauges applied on opposite faces.

The monitoring of the steel reinforcement elements allows deformations/stresses, both in
compression and in tension, to be detected, as opposed to what is possible in the case of
monitoring on concrete, which may crack if it is stressed in tension beyond its strength
limit. In the latter case, information about deformation/stress would be lost. This represents

a major benefit for monitoring systems applied to steel elements.

It fnay also be noted that, from a practical point of view, the installation of integrated
devices within a generic concrete casting for the measurement of concrete deformations is
made more complicated by the need to provide a framework that supports the same

devices, so that they may be stably positioned during the casting stages.

In this respect, the metallic reinforcements, already included for reinforced concrete

elements and structures, are a natural location for monitoring devices.

Moreover, since concrete is a material obtained from the union of various components
(aggregates, formations due to cement hydration or other binders, additives and additions, -
etc.), any measurement will be affected by intrinsic variability due to such heterogeneity.
Moreover, delayed deformations of the concrete, evaluated_ locally, may result in
measurements with wide dispersion. Steel elements are much more homogeneous; they do
" not directIy suffer from rheological effects, and therefore the accuracy, linearity and

repeatability of the measurements are decidedly greater.

However, the reliability of the aforementioned traditional devices is limited due to
electrical drifts or the durability of the systefns themselves, especially if applied to the

outside of the structures and therefore subject to aggressive environments.

Moreover, built-in devices that measure deformations in concrete may be easily damaged

by installation and casting operations.
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In addition, stress/force measuring systems according to the prior art have dimensions that
are often unsuitable for the local detection of deformations/stresses, as well as have, in

most cases, a significant unit cost.

Alternatively, in the prior art, a measurement system of the stress loaded on a structural
element is considered, wherein such measurement is performed by reading the variation of
physical parameters within a longitudinal cavity formed in the body of the structural
element and filled with an incompressible fluid. An example of such a measurement

system is known from the document DE 10 2013 012690 A1l.

Specifically, this system allows the force acting on the pin of a pulley, on which a cable for
lifting a load is wound, to be evaluated through the pressure variation in the cavity induced
by the bending of the pin. To this end, the cavity is made with a parallel axis that is not
coincident with respect to the longitudinal axis of the pin for a length substantially
comparable to the length of the pin itself. In fact, if the axis of the cavity coincides with
that of the pin, a cdrrect measurement of the force applied thereon cannot be obtained, a

measurement that becomes all the more significant, the greater the length of the cavity.

However, a system which is configured in such a way is not applicable to structural
elements for building constructions, which have a substantially single-dimensional shape
(in the sense that the longitudinal dimension is decisively dominant over the transverse
dimension, even by tens of times), where the pin of the example of the prior art is a deep
object, which is not meant to be embedded in the structural element of a construction. In
fact, it would be necessary to have a cavity that is too long and would be difficult to
achieve in practice. Moreover, the eccentric position of such cavity, with respect to the
longitudinal axis of the structural element, would impair the. measurement of the

deformations, as it would suffer unwanted flexural contributions.

Summary of the invention

~ One object of the present invention is to remedy the aforementioned problems.
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According to the present invention, a system for measuring a deformation of a structural
element suitable to be incorporated into a building construction comprises a cavity oriented

perpendicular to a central longitudinal axis of the structural element.

Such cavity is filled with a compressible fluid and sealed, so that when the structural
element is affected by an action F along its longitudinal axis (an action that may bev
mechanical or thermal, such as a longitudinal tensile action, or an expansion due to an
increase in temperature), the cavity undergoes a deformation, which causes a variation in
the pressure and temperature of the fluid inside. By detecting such variations in pressure
and temperature, it is possible to trace (as will be appreciated in the following description)
the value of the deformation sustained by the cavity and therefore by the structural
element. Since the cavity is oriented perpendicularly with respect to the axis of the
structural element, the estimation of the deformation value is not affected by undesirable
flexural contributions. Morebver, it is possible to apply a plurality of measuring systems
arbitrarily distributed along the longitudinal direction of the structural element. In this way,
an estimate of local deformation may be obtained in a plurality of points along the whole
or part of the length of the structural élement, where such an objective cannot be achieved
with a so‘lution according to the prior .art, since it alwéys provides a measurement mediated
on the length of the cavity, this length being a fraction of the length of the structural
element. With a system and a method according to the present invention, a plurality of
measurement systems rhay also be carried out in a practical and convenient manner, since
it is sufficient to make simple transverse holes in the structural elemenf, while the solution
adopted in the prior art would be much more complex to achieve, as it requires making a
longitudinal cavity along a substantially sihgle-dimensional element, a cavity moreover

eccentric with respect to the longitudinal axis thereof.

In summary, a generic action (in the example shown, a tensile stress) applied to the
structural element (in the example shown, a substantially one -dimensional element, with a
constant cross-section along its own axis), modifies in a known manner, according to the
mechanics of the continuum, the whole structure of the element, and in particular the

volume of the cavity obtained therein.
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Deformations due to other actions acting along the remaining directions are generally
added to the deformation in the axial direction, so as to formulate a three-dimensional

deformation.

In elements stressed mainly along their axis, actions in the transverse direction may be
considered negligible; it follows that the volume variation of the cavity is mainly caused by

the axial action and the related Poisson effect.

The volume variation of the cavity (appropriately sealed hermetically by one or more
closure components) is related to the pressure variation and the temperature of the fluid
contained therein. In particular, the initial fluid pressure and temperature and the variations
thereof are measured by means of respective devices. Pressure and temperature
measurements allow the volume variation of the cavity to be estimated and correlated with

the deforming state of the element by providing a measurement thereof.

Since the cavity is substantially configured to prevent changes in the amount of fluid, it is
possible to refer first to the law of perfect gases as follows:

PV =nRT

where P is the fluid pressure, V is the volume of the cavity, n is the amount of fluid inside
the cavity, R is a constant and T is the absolute temperature (or thermodynamic

temperature).

In a structural element with a constant section stressed by a constant force F along the axis
(as shown in figure 1), in the sections wherein the cavity is present, deformations in the
longitudinal direction are on average higher in absolute value than those recorded in
sections placed before and after the cavity along the longitudinal axis of the structural
element. Likewise, for an action due to an impressed deformation on the ends of the
structural element, the tensions in the longitudinal di\rection are on average higher in
absolute value than those recorded in sections positioned before and after the cavity along
the longitudinal axis of the element. This phenomenon is due to the reduction of the
resistant area in the sections wherein the cavity, and in general the whole measuring

system, are present.
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Moreover, the distribution of deformations (action of a force) and stresses (action of an
impressed deformation) is generally not homogeneous in the zones where the cavity.is
present, due to the perturbation in the field of deformations and stresses caused by the
presence of the cavity itself. It is important to emphasize how these stress concentrations

are normally present in the ribbed steel elements near the outer ribs.

If the impressed deformation due to temperature variation is constrained, the system may
estimate the internal stresses by reading the pressure variation in the presence of constant
volume (effect of a temperature variation) and by knowing the physical characteristics of

the material of the structural element.

Given the georhetry of the system, zones with deformation/stress spikes form around the
cavity, which affect very limited areas and wherein plastic deformations may occur; a
negligible influence on the volume variation results, in comparison with the value of the
average deformation calculated on the section of the structural element, appropriately
removed from the section of the cavity. Deformations beyond the elastic limit of the

material lead to non-linearity of the system’s response.

The graph in figure 3 shows the results of a first experiment on steel elements for
reinforced concrete. One may see that the results in figure 3 show a good linearity and a

lack of hysteresis.

In particular, the graph shows the pressure variation in the cavity at the variation in the
stress applied to the structural element in constant temperature conditions. Curves A, B

represent the trends of a first and a second experimental measurement cycle, respectively.
In the system, pressure measuring devices, of a type known per se, may be implemented.

An integrated system according to the present invention, inside structural elements (for
example, steel bars, in the case of reinforced concrete structures), is an economical and
- reliable solution for measuring deformations/stresses, and more generally for structural

monitoring purposes.
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The aforementioned and other objects and advantages are achieved, according to an aspect

of the invention, by an integrated system and a method for measuring the deformation

and/or stress in structural elements having the characteristics defined in the accompanying

claims.

Brief description of the drawings

The functional and structural features of some preferred embodiments of an integrated

system and a method for measuring the deformation and/or stress in structural elements

according to the invention will now be described. Reference is made to the accompanying

drawings, wherein:

figures 1A to 1C are schematic sectional views of a structural element comprising
an integrated measurement system according to an embodiment of the invention,
respectively according to two planes perpendicular to each other, passing thro.ugh
the longitudinal axis of the structural element; and a transverse plane perpendicular
to the first two;

figures 2A and 2B are schematic sectional views of a structural element corﬁprising
an integrated measurement system according to an embodiment of the invention,
respectively according to a plane passing through_'the longitudinal axis of the
structural element, and a transverse plane perpendicular to the former; |
figure 3 is a. diagram illustrating schematically the pressure variation in the cavity
of the system as the stress applied on the structural element varies in constant
temperature conditions; ‘

figure 4 is a schematic perspective view of a structural element according to an
embodiment of the invention; and

figure 5 is a schematic pefspective view of a superstructure (in the specific case, a
portion of a reinforced concrete pillar) configured to incorporate a plurality of_
structural elements comprising an integrated measurement system according to an

embodiment of the invention.

Detailed description
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Before explaining in detail a plurality of embodiments of the invention, it should be
clarified that the invention is not limited in its application to the details of construction and
to the configuration of the components presented in the following description or illustrated
in the drawings. The invention may assume other embodiments and may be implemented
or achieved in essentially different ways. It should also be understbod that the phraseology

and terminology are for descriptive purposes and should not be construed as limiting.

Referring by way of example to figure 1, an integrated measuring system 9 comprises a
structural element 10, adapted to be incorporated into a building construction and
elongated in a longitudinal direction. This structural element 10 is subject to an action F

(in the example shown, a tensile stress applied to the ends of element 10).

The structural element 10 has a longitudinal axis 11; in the example shown, such element
10 has a circular cross-section and is substantially axially symmetrical with respect to the

axis 11.

In the example shown, the structural element 10 is a metallic bar or rod, intended to be

embedded in a reinforced concrete element.

A measuring system 12, suitable to measure deformations and/or stresses on the structural
element 10 along said longitudinal direction, is at least partially housed in a cavity 14

inside such element 10.

The cavity 14 is transversely extended with respect to the structural element 10 and
perpendicularly to the longitudinal axis 11. Preferably, the cavity 14 passes through the

structural element 10, and/or intercepts the longitudinal axis 11.

Such cavity 14 1s filled with a compressible fluid (as will be better appreciated in the

following description). Conveniently, the cavity 14 is sealed or sealable hermetically.
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The cavity 14, in the case, for example, of steel bars for reinforced concrete, may be
obtained by perforation, punching, excavating, laser cutting, shaping and any other type of

machining of the material of the element to be evaluated for deformation variations.

The cavity 14 is appropriately formed so as to maintain as much symmetry as possible with
respect to the longitudinal axis 11 of the structural element 10, or at least with respect to a

plane passing through the axis of such element.

In the entire present description and in the claims, the terms and expressions indicating
positions and orientations, such as “longitudinal” or “transversal”, refer to the longitudinal

axis 11.

The measuring system 12 comprises a sensor or pressure measuring device 18 for
measuring the pressure of the compressible fluid 16 contained within the cavity 14.

Conveniently, the pressure measuring device 18 is immersed in the fluid 16.

Preferably, the fluid 16 introduced in the cavity 14 is selected from those that prevent the
formation of corrosion inside the cavity and possess large molecules so as to avoid leakage
of material. Conveniently, the compressible fluid 16 may be a gas or a mixture of gas and

liquid.

Furthermore, the measuring system 12 comprises a temperature measuring device that may
be placed inside or outside the cavity 14 so as to measure the temperature of the fluid 16
contained in the cavity 14 and/or the inner wall of the cavity 14. It may be desirable to
measure the temperature of the inner wall of the cavity 14, in addition to or as an
alternative to measuring the temperature of the fluid 16 as, for example, the operation of
any electronic devices of the system (which may include the aforementioned measuring
devices as well as other devices, for example of the type illustrated in the following
description) could change the temperature of the fluid 16 inside the cavity 14, and

therefore change the pressure without the structural element actually being deformed.
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As mentioned in the introductory part of this description, once the pressure and
temperature data of the fluid 16 is acquired within the cavity 14, it is possible to estimate
the volume variation of the cavity 14 and consequently to trace the value of deformation
sustained by the structural element 10 due to the action F. For example, depending on the
fluid employed, it will be possible at first approximation to apply the law of perfect gases
to obtain an estimate of the extent of deformation in the longitudinal direction of the

structural element 10.

Optionally, a thermal calibration phase of the system may be provided to isolate the
contribution to longitudinal deformation due to adding or reducing heat in the structural

element 10.

Such procedure, already applied in the prior art, comprises the step of establishing a priori
a correlation between the temperature and the deformation of the structural element 10,
subject to the design operating conditions. This result may be obtained, for example, by
performing a series of tests on a specimen subject to the same conditions in which the
structural element would operate, recording the effect of one or more temperature
variations on the deformation of such structural elenient, so as to extrapolate a rule that

relates deformation and temperature.

Once the correlation between temperature and deformation is established, the system may
be calibrated to take into account the contribution to the deformation due to temperature -
variation of the fluid 16, for example excluding such contribution from the calculation of

the extent of deformation when due only to mechanical factors.

Conveniently, one or more closure means 20 may be associated with the cavity 14 to seal

such cavity hermetically.

The closure means 20 is appropriately connected to the structural element 10 by means of a
suitable system (for example, welding) to ensure the fluid seal 16 in the cavity 14, even
‘when the element as a whole (and consequently also the means of closure 20) undergoes

deformation.
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The cavity 14 and any closure means 20 are made in such a way as to avoid excessive

stress states relative to the average stress state within element 10.

Furthermore, the hermetically sealed cavity 14 may conveniently accommodate a series of
other devices useful for structural monitoring, which also measure, among other things,
acceleration, inclination, electrical potential, and spatial position. All of these devices, due
to the conﬁgufation of the integrated measuring system 9, are very well insulated from the

outside and thus protected.

In particular, the temperature measurement has without a doubt advantages in terms of
protection and risk assessment in fire conditions. For this purpose, it is useful to use high-
temperature-resistant materials for constructing the system elements and devices that

measure the desired quantities.

Preferably,b the closing means 20 are configured so as to allow the connection between the
devices measuring pressure and/or temperature 18 with a power and/or data transfer system
22, adapfed to power such devices 18 and/or to communicate the data collected within the
cavity 14. For example, in the case where the internal devices require cable;type
connections, the closure component 20 must conveniently provide for the passage of any
~ electrical connections that transmit power and signals to and from the devices 18 housed

inside the cavity 14,

Any power and data transmission cables or in general the data and power transfer system
22 may be housed in longitudinal ribs 26 obtained on the bars 10, suitably shaped for this

purpose (as in the example shown in figure 4).

Power and data transfer may also take place via a wireless system, for example using the

magnetic and electrical properties of the reinforcement bars.

The system as described above relates the deformation of a limited section of the structural
element 10 (comprising the cavity 14) with the deformation before and after the cavity

along the longitudinal axis 11 of the structural element.



WO 2018/096443 X PCT/IB2017/057279
13

To reduce the deviation of the stress/deformation measurement between the zone
comprising the cavity and the adjacent zones along the longitudinal axis of the element, as
well as to reduce the perturbation in terms of deformations and stresses, it is possible to
associate with the structural element 10 a radial protrusion or rib 24 which restores, section

by section, the area of material missing due to the presence of the cavity 14.

More specifically, the additional rib 24 may be associated with the structural element 10,
and has a cross section with an area corresponding to the area of the cross section of the

cavity 14.

According to a preferred embodiment, the protrusion 24 is positioned in a radially outer
position with respect to the structural element, conveniently near the portion of such
element 10 wherein the cavity 14 is present. In particular, the protrusion 24 is positioned at

the cross section of the structural element 10 on which the cavity 14 lies.

In this way, the average deformation in the section related to the volume variation of the

cavity 14 is more similar to that of the other sections of the structural element 10.

A reduction in the overall dimensions of the system (cavity 14, pressure and temperature
measuring devices 18, hermetic sealing components 20, etc.) reduces the size of the outer ‘

rib 24 and the perturbations mentioned above.

The presence of outer ribs does not significantly alter the force/deformation state of the
element. In steel structures for reinforcement in reinforced concrete, outer rib elements are
normally made during the rolling stages, to improve the adhesion between steel and
concrete. The mechanical characteristics do not undergo alterations or modifications that

compromise the correct structural behavior.

More generally, the system may be realized on elements of any material for which volume
changes may be obtained following the application of an action involving deformations,

and wherein a hermetically sealed cavity may appropriately be formed.
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‘In the case, for example, of reinforced concrete elements 28 (as may be seen for example
in figure 5), the reinforcements provided with the system described in the present patent
may be conveniently arranged at the edges of the sections of such elements so as to record
deformations close to the maximum points for each item and in each section. In particular,
the areas wherein the cavities 14 of the bars 10 which comprise the reinforcement of the
concrete element would be aligned on a plane orthogonal to the axis of said element 28
(pillar, beam, etc.). Thus, from the readings of the deformation values of the
reinforcements at the points of the section, it is possible to reconstruct substantially the
entire deformation plane (shown by way of example in figure 5 as a first plane 30) of the
single section of the element 28, starting from the initial deformative situation (shown by

way of example in figure 5 as a second plane 32).

Moreover, to improve the durability of the system, it is possible to provide, upon
completing the system and after having arranged any electrical connections for the passage

of signals and power, an epoxide resin coating.

The integrated system 9 is particularly advantageous for monitoring deformations/stresses
along the longitudinal axis of steel reinforcements for reinforced concrete structures. For
substantially single-dimensional elements such as pillars, beams, floors, etc. steel
reinforcement elements may be considered as stressed predominantly along their

longitudinal axis 11.
The system may be used to make load cells.

The measuring system 12 is integral with the structural element 10 and records the residual
deformation thereof. This feature makes the system particularly useful in civil structures
and infrastructures to evaluate the structural and residual safety status after an exceptional

load event or seismic event occurs.

Conveniently, multiple integrated measuring systems 9 may be placed in the same
structural element 10, distributed in a more or less regular way along the longitudinal

direction of the structural element 10.
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Various aspects and embodiments of an integrated system and a method for measuring the
deformation and/or stress in structural elements according to the invention have been
described. It is understood that each embodiment may be combined with any other
embodiment. The invention, moreover, is not limited to the described embodiments, but

may be varied within the scope defined by the appended claims.
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CLAIMS

1. Integrated measuring system (9), comprising:

- a structural element (10), adapted to be incorporated in a building construction and
elongated in a longitudinal direction, said structural element (10) having an internal cavfty
(14) Hermetically closed or closable by means of closure means (20), said internal cavity
(14) being filled with a compressible fluid (16);

- a measurement system (12), adapted to measure deformations and/or stresses on the
structural element (10) along said longitudinal direction, the system comprising a pressure
measuring device (18) in contact with the fluid in the internal cavity (14), said
measurement system (12) further comprising a device for measuring the temperature of the
fluid (16) and/or the temperature of the inner wall of the cavity (14),. in such a way that the
system is able to determine a volume variation of the cavity (14) by measuring a pressure
and temperature variation of the fluid resulting from an action (F) imparted to the structural
element (10),

wherein the cavity (14) extends along a direction substantially perpendicular with respect

to said longitudinal direction.

2. A system according to claim 1, wherein the cavity (14) intersects a central

longitudinal axis (11) of the structural element (10).

3. A system according to claim 1 or 2, wherein the cavity (14) passes through the

structural element (10).

4. A system according to any one of the preceding claims, wherein the compressible

fluid (16) is a gas or a liquid/gas mixture.

5. A system according to any one of the preceding claims, wherein the pressure

measuring device (18) is immersed in the fluid (16).

6. A system according to any one of the preceding claims, wherein the closing means

(20) are configured so as to allow the connection between the devices measuring pressure
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and/or temperature (18) with a power and/or data transfer system (22), adapted to power

said devices (18) and/or to communicate the data collected within the cavity (14).

7. A system according to any one of the preceding claims, in which a radially outer
projection (24) is associated to the structural element (10) and is placed at the cross-section
of the structural element (10) on which the c‘avity (14) lies, said projection having a cross-
section having an area substantially equivalent to the area of the cross-section of said

cavity (14).

8. A system according to any one of the preceding claims, wherein the structural

element (10) is a metallic bar for reinforced concrete.

9. Method for measuring deformations and/or stresses along a longitudinal direction
of a structural element (10) elongated in the longitudinal direction, said structural element
(10) being adapted to be incorporated in a building construction and being subjectable to
an action F, the method comprising the steps of:

a) providing at least one cavity (14) internal to the structural element (10), oriented in a
direction substantially perpendicular with respect to a central longitudinal axis (1 1) of the
structural element (10);

b) filling the cavity (14) with a compressible fluid (16) and sealing the cavity (14) by
‘means of closing means (20);

¢) associating a measurement system (12) to the cavity (14), said measuring system (12)
comprising a measuring device (18) of the pressure of the fluid (16), and a device for
measuring the temperature of the fluid (16) and/or the temperature of the inner wall of the
cavity (14); |

d) measuring the pressure and temperature variations of the fluid (16), determining a
variation of volume of the cavity (14), and establishing a relationship between said volume

variation and a longitudinal deformation of the structural element (10).

10. A method according to claim 9, wherein step (b) is carried out by filling the cavity

(14) with a gas or a gas/liquid mixture.
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11. A method according to claim 9 or 10, wherein the cavity (14) intersects a central

lqngitudinal axis (11) of the structural element (10).

12. A method according to one of claims 9 to 11, comprising the step of determining a
priori a relationship between temperature and deformation of a structural element (10)
subject to design operative conditions, and calibrating the system converting the
temperature and pressure variations of the fluid (16) to the longitudinal deformation and/or
- stress of the structural element (10), so as to exclude from the calculation the contribution

of a temperature variation of the fluid.

13. - A method according to one of claims 9 to 12, comprising the step of applying an
additional radially outer projection (24) to the structural element (10), placing said
projection (24) at the cross-section of said structural element (10) on which the cavity (14)
lies in such a way as to restore the area of material missing due to the presence of the

cavity (14).

14. A method according to one of claims 9 to 13, wherein the structural element (10) is

a metallic bar for reinforced concrete.

15. A structural element (10) adapted to be incorporated in building constructions,
comprising a plurality of integrated measuring systems (9) obtainable according to any one

of claims 1 to 8.
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FIG. 2A
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FIG. 5

FIG. 4
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