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“SYSTEM FOR MEASURING THE ELECTRICAL RESISTIVITY OF CONCRETE, AT

DIFFERENT DEPTHS, IN NEW AND EXISTING STRUCTURES”

DESCRIPTION

The present invention relates to a system for measuring the
electrical resistivity of concrete and to a method for measuring
the electrical resistivity of concrete in particular in existing
structures.

The deterioration of concrete influences the durability of
structures, affecting their functionality and safety; in
particular due to the corrosion of the reinforcements.

Initially, concrete has a highly alkaline solution (pH~13)
on the inside thereof, in this condition, there is the formation
of a protective layer of oxides on the reinforcement bars that
prevent the corrosion thereof. Over time, however, this
protection diminishes. One of the causes that most frequently
lead to the loss of protection, and therefore to the possible
corrosion of the reinforcements, is the carbonation of concrete.
This is caused by the reaction of carbon dioxide present in the
atmosphere with the alkaline constituents of concrete. There is
therefore a decrease in the pH of concrete to near-neutral
values. Carbonation penetrates the concrete and when it reaches
the surface of the reinforcements, it causes the destruction of
the protective film; in these conditions, in the presence of
water and oxygen, the bars corrode. The corrosion rate of the

reinforcements provided 1in existing structures is not easy to
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determine.

The measurement of the electrical resistivity of concrete
is one of the methods for obtaining an estimate of the corrosion
rate of the reinforcements.

Probes are known which allow to carry out measurements of
electrical resistivity at different depths but the precision is
limited and, in particular, when used in an existing structure,
the measured electrical resistivity is more representative of
the cement grout used rather than the electrical resistivity of
the concrete. An example of said probes is a humidity sensor
marketed by Sensortec GmbH.

Other examples of probes are found 1in the documents
EP3236258, CN107860977, W02015/150463, CN207557160, ES2593960,
CN108956684.

The object of the present invention is to provide a system
for measuring the electrical resistivity of the concrete which
overcomes the limitations of the systems proposed in the prior
art.

Another object of the present invention is to provide a
system which allows to obtain particularly precise measurements.

A further object of the present invention is to provide a
system that effectively allows the resistivity of the concrete
to be measured in the case of existing structures.

According to the present invention, these objects and others

still are achieved by a system for measuring the electrical
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resistivity of concrete 1in already existing constructions
comprising a first probe and a second probe placed in two
separate holes of a construction. Said first and second probes
comprise: a tubular element; a first electrode and a second
electrode, placed at the same height to form a pair of electrodes
electrically isolated from one another by interposing an
insulating material; a plurality of said pair of electrodes are
placed on said tubular element at different heights.

Said objects are also achieved by a method for measuring
the electrical resistivity 1in concrete in already existing
constructions characterized by using a first probe and a second
probe, according to claim 1, placed side-by-side and each
surrounded by grout, characterized by comprising the steps of:
measuring the resistivity between two electrodes placed at a
same height as said first probe and providing a first resistivity
value; measuring the resistivity between an electrode of said
first probe and an electrode of said second probe placed at the
same height and providing a second resistivity wvalue;
calculating said electrical resistivity in the concrete by
eliminating the resistivity of said grout.

Further characteristics of the invention are described in
the dependent claims.

The advantages of this solution compared to the solutions
of the known art are many.

Thanks to the probe of the present invention, electrical
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resistivity measurements can be carried out in the material at
different depths, as well as, preferably, the measurement of the
temperature of concrete.

The probe has the ability to perform the measurement of
electrical resistivity, in a homogeneous material (concrete,
mortar, etc.), at a specific depth with high resolution, due to
the proposed specific geometry.

It allows to measure the electrical resistivity of concrete
even 1in existing structures. In this case, two probes must be
used that must be inserted inside two side-by-side holes, made
in the structure, at a distance that depends on the maximum
diameter of the aggregate used in the concrete (so that the
aggregate does not prevent the measurement in the concrete). The
probes are fixed by means of a cement grout (with offset
withdrawal). Thanks to the characteristics of this new probe,
the effects related to the presence of the cement grout on the
measurement of the electrical resistivity of concrete can be
assessed and, 1f necessary, eliminated (for example 1if the
resistance of the grout differs from that of concrete).

The probe allows to obtain the resistivity at a precise
depth, wunlike the known art, which allows to obtain the
measurement only vertically between the electrodes provided at
two different depths.

The characteristics and advantages of the present invention

will become clear from the following detailed description of a
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practical embodiment thereof, illustrated by way of non-limiting
example in the accompanying drawings, wherein:

Figure la schematically shows, in a side view, a probe for
measuring the electrical resistivity of concrete, and Figure 1b
schematically shows, in a top section view, a probe for measuring
the electrical resistivity of concrete, according to the present
invention;

Figure 2 schematically shows, in a side section view, a
probe for measuring the electrical resistivity of concrete,
according to the present invention;

Figure 3 schematically shows a pair of probes for measuring
the electrical resistivity of concrete in an already existing
construction, according to the present invention;

Figure 4 shows the variation of the electrical resistivity,
obtained with numerical simulations, as a function of the
penetration of a simulated waterfront and the way the measurement
is carried out, according to the present invention;

Figure 5 shows the trend of electrical resistivity, measured
both with a pre-installed probe (curve b), and with post-
installed probes (curve a), and the corrosion rate (curve c)
during the advancement of the waterfront from the surface of
concrete towards the reinforcement, according to the present
invention.

Referring to the attached Figures, a probe for measuring

the electrical resistivity of concrete, according to the present
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invention, comprises a tubular element 10, which forms the probe,
initially hollow on which several electrodes 11 and 12 are
placed, each in the shape of a half-ring. At the same height two
electrodes 11 and 12 are present, opposed to one another to form
a pair of electrodes. Different pairs of electrodes 11 and 12
are arranged on the tubular element 10 at different heights.

Fach electrode 11 and 12 must be connected to a respective
electric cable 13, in the concave rear part, so that it can pass
inside the tubular element 10 and come out from above.

The cables 13 are to be connected to a measuring device not
shown.

Fach pair of electrodes 11 and 12, placed at the same
height, therefore has only two spaces 14, which divide one half-
ring from the other half-ring, arranged at 180° from one another,
between which the measurement is carried out.

The tubular element 10 can preferably comprise a temperature
sensor 15 placed in its distal point. In this way, it is also
possible to measure the internal temperature of the concrete by
connecting the sensor to a measuring instrument.

The measuring device can carry out resistance measurements
between each pair of electrodes 11 and 12 both placed at the
same height (horizontal measurement) and between each pair of
electrodes placed at different heights (vertical measurement).

By knowing the distance between the electrodes and the

surface of the electrodes, it 1s possible to trace the
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resistivity (Qem).

The electrodes 11 and 12 must be conductive and must be
resistant to deterioration; they can be made, for example, by
using AISI 316 stainless steel.

The electrodes 11 and 12 must be electrically isolated from
one another, both horizontally and vertically, therefore the
tubular element 10 must be made with a material that has the
function of electrical insulation, it must not absorb water and
must resist high alkalinity of concrete; it can be made, for
example, with a polymer such as PVC or with an epoxy resin.

The tubular element 10 has grooves in which the electrodes
11 and 12 are inserted, and are fixed by gluing or heat welding
or other means, so that the diameter of the tubular element is
constant and the external profile has no embosses, in order to
facilitate the introduction of the same into a hole made in the
concrete

The tubular element 10 can be made by moulding or tubes can
be used on which material is removed and the grooves are provided
to house the electrodes.

When all the electrodes are placed in their housings with
the respective cables, the inside of the tubular element 10 is
filled with a resin (for example epoxy resin) which must be
insulating, must not absorb water and must resist the high
alkalinity of concrete.

In an example of embodiment of the probe, it has a diameter
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of 20 mm, six pairs of electrodes 11 and 12 are provided, placed
vertically every 5 mm and each pair 11 and 12 is spaced (width
of the opening 14) by 2 mm. To obtain better precision, the
opening 14 must be less than 5 mm.

The number of electrodes can vary according to the depth
needed to be verified and the spacing between the electrodes,
considering that it depends on how much the resolution of the
analysis (by reducing the distance between the electrodes the
resolution increases) is to be increased.

The electrodes 11 and 12 are made in the shape of a half-
ring for ease of production and mounting and to have a surface
with large dimension, but alternatively the electrodes 11 and 12
can have other shapes e.g. they can be made by using two
conductors (with a circular section or another section) passing
inside the tubular element 10 until it comes out onto the surface
(on one side or on both sides) of the same and can guarantee
contact with the surrounding concrete.

By applying a meter to the various pairs of electrodes 11
and 12, 1t 1s possible to measure the resistance at a given
height, then carry out a measurement (horizontal) by using two
electrodes opposite one another, or a measurement (vertical)
between two electrodes placed at different heights can be made.

The single probe 10 can be used to obtain measurements on
a homogeneous material, that is, in a new concrete structure or

in a material used for restoration; in this case the reduced
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distance between the half-rings, horizontally, allows to measure
the electrical resistivity of the concrete at a specific depth
with high resolution. The results obtained with the numerical
simulations have, 1in fact, shown that the precision of the
measurement increases as the distance between the electrodes of
the half-rings placed at the same depth decreases and as the
thickness of the electrodes decreases. It is also possible to
carry out resistivity measurements between the half-rings placed
at different vertical depths; in this case resistivity will be
obtained at a given depth interval in the material. If the
material has the same resistivity at different depths, the
horizontal and vertical measurements are equivalent; if however,
the resistivity of the material varies along with varying depth
(as generally happens in all porous materials when they get wet
and as they dry), the  horizontal measurement provides
resistivity at the specific depth at which the electrodes are
located, while the vertical measurement provides a wvalue which
is the combination between the different resistivities of the
material that is found between the electrodes present at
different depths.

As an example, in Figure 4, the results of a finite element
numerical simulation wherein the penetration of water into the
concrete 1s simulated, where the depth of the concrete is shown
on the axis of abscissa and the resistivity is shown on the axis

of ordinate.



WO 2020/208471 PCT/IB2020/053056
10

The presence of two pairs of half-rings is considered, one
at the depth of 5 mm and another pair at the depth of 10 mm.

When concrete is very dry, the electrical resistivity (p)
is very high (over 100000 Qe*m), whereas, when it is wet with
water, the electrical resistivity decreases significantly (up to
about 100 Qem). The waterfront (Sw) was fed starting from the
outer surface (0 mm) up to the depth of 25 mm. In the case where
the measurement is carried out horizontally between the half-
rings placed at 5 mm, it 1is observed that the electrical
resistivity decreases sharply exactly when the waterfront
reaches the depth of 5 mm. The same result is also obtained with
the next pair, placed at 10 mm, when the waterfront continues to
advance. If the measurement is carried out vertically (+ symbol),
between the electrodes placed at 5 mm and 10 mm, the sharp
decrease in the electrical resistivity is obtained only when the
waterfront reaches the same depth as the electrode placed at the
greater depth i.e. 10 mm. The measurement obtained before the
water reaches the deepest electrode is the combined resistivity
between 5 and 10 mm.

In the case of application in existing structures, to
measure the resistance of concrete (or any other porous material,
such as those of the walls) it is necessary to use two probes
100 and 101 arranged side-by-side at the same depth (Figure 3);
in this case it is necessary to use a mortar/grout 21 for the

fixing thereof in the holes 22 made in the structure.
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The first probe 100 has a pair of half-rings denoted with
numerical references 25 and 26. The second probe 101 has a pair
of half-rings denoted with numerical references 27 and 28.

The measurement is carried out by short-circuiting the
electrodes of each probe placed at the same depth, i.e. the half-
rings 25 and 26 and the half-rings 27 and 28, and by making the
measurement between the electrodes formed by the pairs of short-
circuited half-rings, i.e. 25-26 and 27-28, of the two probes
which are at the same depth (measured horizontally). In this way
the resistivity ptot 1s obtained.

The distance between the probes must be established on the
basis of the maximum diameter of the aggregate used to produce
the concrete of the structure. If the distance is less than the
maximum diameter of the aggregate, the risk is that of having
only the aggregate between some of the electrodes and therefore
not obtaining the resistivity of the concrete; in the simulations
and experimental tests carried out a distance of 50 mm between
the probes was considered, which can be suitable in most cases.

The presence of electrodes having half-ring geometry allows
high flexibility in the case of application of the probes in
existing structures. In particular, it allows to obtain more
precise measurements of the penetration of the wet front (by
measuring the variations in the mortar/grout). To increase the
robustness of the probe (in the event that a reading problem

with a half-ring occurs, for example due to the presence of a
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filling defect, it is possible to exclude it and keep the other
half-ring, which is arranged at the same depth, in order to carry
out the measurements). To consider, and eliminate if necessary,
the contribution in the measurement of the resistivity of the
mortar/grout, used for fixing the probes, in the measurement of
the resistivity of the concrete.

In this regard, the experimental results and the numerical
simulations have shown that the effects of the cement grout on
the measurement of the electrical resistivity of concrete depend
on the thickness of the cement grout (and consequently on the
diameter of the holes made for fixing) and on the possible
difference between the electrical resistivity of the cement
grout and that of concrete. When the resistivities of the two
materials differ substantially, in order to obtain the
measurement of the resistivity of the concrete (which is the
necessary measurement to obtain for example an estimate of the
corrosion rate of the reinforcements) 1t 1is necessary to
eliminate the contribution provided by the electrical
resistivity of the contact material of the cement grout.

In order to eliminate the contribution of the grout from
the value of the concrete, the process is as follows.

The electrical resistivity of the used cement grout can be
obtained by carrying out the measurement between the pairs of
half-rings 25 and 26 and/or 27 and 28, of each probe placed at

the same depth (the results of the numerical simulations have
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shown that the distribution of current between the two half-
rings remains confined within the cement grout). The resistivity
pbo 1s therefore obtained (in this case it is assumed that the
measure of the resistivity of the grout is identical for the two
probes 100 and 101 and 1t is sufficient to carry out the
measurement in one of the two probes).

Once this value is known and the resistivity ptot between the
electrodes 25-26 and 27-28 of the two probes that are at the
same depth (horizontally) is measured, which is the weighted sum
of the electrical resistivity of the concrete 20 present between
the probes and the resistivity of the grouts 21 in contact with
the two probes, it 1is possible (by knowing the geometric
parameters of the system, i.e. geometry of the probe and distance
between the probes, which can be determined by way of numerical
simulation) to obtain the resistivity of only the concrete.

pcls = (ptot * Ktot - 2 * pbo Kbo) / Kcls

Wherein

ptot is the total resistivity,

pbo 1s the resistivity of the grout,

pcls 1s the resistivity of the concrete,

Ktot, Kbo, Kcls are the respective geometric parameters of the
system.

As an example (Figure 5) the trend of the electrical
resistivity p (Qem) 1is reported both in the case of probes

installed in new structures (curve b) and in the case of probes
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installed in existing structures (curve a) and placed at the
depth of the reinforcement and the corrosion rate of the
reinforcement Vcorr (um/year) (curve c¢) during the advancement
of the waterfront in time T(h) from the concrete surface towards
the reinforcement.

When the resistivity decreases the corrosion-rate shows a
sudden increase. It is observed that the electrical resistivity
of the concrete and the corrosion rate are inversely correlated
with one another and that when one quantity wvaries, the other
also varies proportionally. Therefore, given the correlation
between the corrosion rate of the reinforcements and the
electrical resistivity of the concrete, it is possible, through
resistivity measurements, to obtain an estimate of the corrosion
rate of the reinforcements.

Therefore, this probe <can allow, 1in new or existing
structures, to monitor:

- the corrosion conditions of the reinforcements 1in
carbonated concrete which have different concrete covers,

- the correct filling of the sheaths in the post-tensioned
prestressed concrete structures,

- the humidity conditions in the concrete (or in any porous
material) at different depths,

- the stages of setting and developing the mechanical
strength of the concrete, so as to also check that the prescribed

seasoning has been carried out,
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- the internal temperature of the material.

In particular, regarding the corrosion of the
reinforcements, the probe can provide an estimate of the
propagation of the «corrosion of reinforcements that have
different concrete covers 1in reinforced concrete structures
affected by carbonation, thus allowing to determine the residual
life of the structure and to plan the maintenance/restoration.

It allows, furthermore, to check the effectiveness of any
maintenance carried out (such as the use of coatings used to
keep the concrete dry).

This probe can also be used to evaluate the penetration of
aggressive agents 1into the concrete cover (in particular
carbonation) .

It can also be used in walls, to evaluate internal humidity
conditions at different depths.

It can be used in any type of structure (e.g. civil
buildings, infrastructures, industrial tanks, etc.) made of
concrete, reinforced concrete, prestressed concrete and, in

general, of porous materials (such as those forming the walls).
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CLATMS

1. A system for measuring the electrical resistivity of
concrete in already existing structures comprising a first probe
and a second probe placed 1in two separate holes of a
construction; said first and second probes comprise: a tubular
element (10); a first electrode (11) and a second electrode (12),
placed at the same height to form a pair of electrodes (11, 12)
electrically isolated from one another by interposing an
insulating material (14); a plurality of said pair of electrodes
(11, 12) are placed on said tubular element (10) at different
heights.

2. The probe according to claim 1, characterized in that
sald first electrode (11) and said second electrode (12) are
made in the shape of a half-ring and are placed opposite one
another.

3. The system according to claim 1, characterized in that
the half-ring electrodes placed at the same height are separated
by an electrical insulating material.

4. The system according to claim 1, characterized in that
the distance between the half-rings at the same height (14) is
less than 5 mm.

5. The system according to claim 1, characterized in that
sald tubular element (10) is embedded in concrete.

6. The system according to claim 1, characterized in that

it comprises a temperature sensor.
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7. The system according to claim 1, characterized in that
sald tubular element (10) is made of an electrical insulating
material and is filled with a resin.

8. A method for measuring the electrical resistivity of
concrete 1n already existing constructions characterized by
using a first probe and a second probe, according to claim 1,
placed side-by-side and each surrounded by grout, characterized
in that it comprises steps: measuring the resistivity between
two electrodes placed at the same height as said first probe and
providing a first resistivity value; measuring the resistivity
between an electrode of said first probe and an electrode of
said second probe placed at the same height and providing a
second resistivity value; calculating said electrical
resistivity in concrete by eliminating the resistivity of said

grout.
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