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The geo-radar in the service
of concrete durability

K.HADJA and F.KHARCHI

Abstract— Concrete has became a universal building material. Its
mechanical resistance was considered as a basic criterion. It appears
today that the concrete can be affected by its environment. Its
performances decrease when it is exposed to moisture, pollution and
other aggressive substances such as chlorides and sulfates. Therefore,
the concrete degrades and the steel bars corrode. Aggressive
substances are generally conveyed by water. Thus, the water content
is a good indicator of the durability of concrete.
Non-destructive methods has been developed for diagnosing the state
of a structure at any time, which allows monitoring and preventive
maintenance work. The Radar technic is one of the buildings
auscultation techniques which can be used. It is an application of
electromagnetism and was mainly used to find buried objects in
concrete and for the recognition of discontinuities or geometries.
Relatively recent research has shown that the radar can also be used
as a tool for characterizing the state of the material. This enables new
application fields.
The radar signal is analyzed in terms of mitigation and speed, by the
use of different reflected signals and also the direct wave signal
between transmitter and receiver. The measurements made in the
laboratory or on site indicate the sensitivity of this signal to the
desired settings. The radar allows locating steel bars, measure
concrete cover and estimate moisture concrete. The propagation
speed is directly related to the dielectric constant. This measure gives
an idea about the actual concrete moisture condition.
Analyses of radar profiles obtained by immediate auscultation of
structures, Provides an idea about the anomalies related to the
concrete: corrosion, presence of chlorides and other anomalies
related to improper repair of the concrete or an accumulation of water
above the element studied.

Keywords—concrete, durability, geo-radar, non-destructive
methods, moisture, profiles, corrosion.

I. INTRODUCTION

The mechanical strength of concrete was considered as a
basic criterion for the concrete but, experience shows that this
material can be weakened by the environment. Pathologies
such as the steel reinforcement corrosion and shattering of the
concrete appear. The presence of water is an essential
parameter leading to these pathologies. For this, several
techniques for auscultation of used constructions has been
developed, among them, the Radar technique (Radio Detecting
And Ranging). It is an application of electromagnetism as
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support of measures; it was mainly used in finding objects
buried in the concrete as frames, or for the recognition of
discontinuities or geometries. Recently, research [1], [2] and
[3] showed enough that the radar may be used as a
characterization tool of the state of the material. This opens up
new applications for the evaluation of some sustainability
indicators of reinforced concrete structures.

I1. PRINCIPLE OF MEASUREMENT

The radar technique is based on the use of electromagnetic
pulse emitted by an antenna. The pulses spread in the material
but, a part of the pulse energy is reflected back to the surface
at each interface between two electromagnetically different
materials.

In practice, an antenna  (transmitter),  emitting
electromagnetic waves, is moved on concrete elements (slab,
wall, column), another antenna on the same support (receiver)
receives the reflected signals. There is an attenuation
phenomena, to every initial signal correspond two waves, one
direct and one reflected. The successive echoes are recorded in
a time signal by the receiving antenna. The output signals are
in the form of images in grayscales called the GPR profiles

Radar antenna
Side placed Scan direction
on the Amplitude of the Electric Field
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Reflectors (steel bars)

Time

Fig. 1 Principle of measurement by Radar
Figure 1 shows a reinforced concrete element auscultated by radar.
The gray part represents the concrete and black dots represent the
steel bars.

In this study, the two types of wave are analyzed, the surface
wave and the reflected waves , for the two parameters of
sustainability .

- The surface wave allows the analyses of the water
content parameter as durability indicator knowing that the
large part of pathologies of the reinforced concrete is due
to the water presence in the material.

= icnalof the direct wave (sd)
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- The reflected waves giving radar profiles allow the
analysis of the steels bars quality to estimate the
concrete bedding and the corrosion state.

I11. ANALYSIS OF THE MOISTURE CONTENT BY THE
RADAR TECHNOLOGY

The analyses is performed by measuring the speed of the
surface wave .The spread of EMW is assimilated to the
propagation of a progressive monochromatic plane wave
propaging in a defined direction [4]. The propagation is
affected by the conductivity and the permittivity of the
medium (the dielectric constant). It has been shown that the
dielectric constant affects only the speed of propagation; the
attenuation is mainly due to losses [5].

The relation between the speed and the permittivity ¢ is
given by the following formula:

(=18
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Speed of light.

In addition to the electro - magnetic parameters (EM), it has
been observed, that the spread of EMW in concrete is
influenced by the amount of water present.

We analyzed the influence of variation in the speed of the
direct wave based on the material humidity. We performed the
measurement on samples of concrete taken from a wall. The
sample is cut by a cylindrical sawing. These types of samples
are commonly called "“carrots concrete.”" The study of samples
allows characterizing the state of the material. This also has a
necessary  calibration operation for future on-site
measurements. the radar system has been used (CRS 20 GSSI)
with antennas frequency 1.5 GHZ. The sample was studied at
two states, humid and dried.

Fig. 2 concrete core
Fig. 4 Antennas 1.5 GHz

Fig. 3 Measure system

A. Measuring device

The device is composed of two vertical square screens of

1m from the side. They are covered by a self-adhesive
aluminum foil to have reflectors character. The screens are
drilled in the middle to receive the concrete core which is also
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covered with aluminum in order to ensure a linear propagation
of electromagnetic waves and avoid wave reflection to the
contour. The transmitter and receiver are applied to each end
of the core.

This measurement system requires defined conditions to the
core: it must have a height of 150 mm and a diameter of 75
mm to fit the experimental device. Otherwise it was completed
by polystyrene.

Transmitter

Fig. 5 Experimental device (LMDC)

The measure is affected on core of concrete and full air core
to determine the initial time of propagation.

+| Thetime of arrival in the concrete
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Concrete

The time of arrival in the air
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Fig. 7 Measure on the air
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B. Results

From the measurements taken above, we have obtained
radar profiles which corresponds to signal of the direct wave in
the concrete core and in the air core are respectively in fig 8
and 9.

Fig. 8 profile of the direct wave in the concrete core (RADAN)

Fig. 9 profile of the direct wave in the air core (RADAN)

The radar profiles obtained are then treated by excel
program.

The two graphs obtained (brown and gray) represent
respectively the signal in the concrete and the signal in the air.
Fig 10

From these graphs we determined: the arrival time of EMW
in the concrete and the initial time t,
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Fig. 10 Radar signals in the concrete and in the air
The velocity in concrete is calculated using the following
equation:
4

Veoncrses = a (2)

teomeree— (foir— mj

With:t,nerere = 1.58 nsand £.;- = 0.68 ns
Veonerare = 10.58 cm/ns

From this speed value, we deduced the value of the
permittivity by using relation (1).
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The dielectric constant is equal to 8.2, this corresponds to a
concrete more or less wet (8.2 > 8 knowing that ¢ = 8 is the
limit value of a normal concrete which is limited 6 < & < 8) [6].

The same operation was performed on the same core oven
dried at 80 ° C to constant mass, the results are as follows:

Eroncrers = 1.02 NS, £z = 0.39 ns and vppnepers = 13.06
cm/ns

This speed value corresponds to a dielectric constant equal
to 5.27 (corresponded to dry concrete). Therefore the EMW
propagation speed is directly related to the moisture content of
the material. More concrete is dry over the speed of
propagation of electromagnetic waves; the higher the dielectric
constant is low.

In the literature, the direct wave is propagated directly from
the transmitter to the receiver. The sensitivity of the direct
wave in the moisture condition of the concrete has been
studied by many authors [7] and [8].

Increasing water content of concrete leads to a sharp
variation of the radar signal parameters. This is usually due to
the increase of permittivity and conductivity of concrete. Thus
the presence of water and / or water-filled cracks can affect the
behavior of the radar signal. The influence appears on the
speed of the direct wave.

In this topic the researches [9], [10] use large specimens
with controlled and evenly distributed water content.

The specimens were used to measure the propagation speed
in bi-static mode. [9] Two concrete compositions have been
used with respective water / cement ratios of 0.66 and 0.48 and
porosity accessible to water of 14.7% and 12.5%. Figure 10
shows the speed changes depending on the volume of water
related to the volume of the sample (volumetric water content)
for both tested concretes.
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Fig. 11 Speed variation of direct wave with water content.

The test shows that the variation of speed of the direct wave
depends only on the volume of water and not on the type of
concrete or of its intrinsic porosity, Fig. 11.

The attenuation, it is function of the amplitude. The
amplitude decreases and the attenuation increases when the
water content increase. Fig.12.
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Fig. 12 Relationship between the amplitude of the direct wave, the
reflection on steel bar and the water content of the concrete

Researches were conducted [11] at the same topic they have
shown that the permittivity (dielectric constant) of the concrete
is proportional to the volumetric water content. Fig.13
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Fig. 13 Variation of the concrete permittivity with water content.

IV SENSITIVITY OF RADAR TECHNOLOGY TO THE
QUALITY OF STEEL BARS OF THE REINFORCED
CONCRETE

In the reinforced concrete, the quality of reinforcement steel
bars is appreciated by the depth of the coating (concrete
bedding), the diameter of bars and their position and the
absence of corrosion.

A. Determination of concrete bedding

Fig.14 is a GPR profile, it shows the different phases and
elements obtained as a result of changes in EM properties.
Hyperbolic shapes showed the position of steel bars in the
concrete
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Fig. 14 Profile radar indicating the position of the reinforcements
in a reinforced concrete wall (Radan 7)

Using the method of Kirchhoff migration, the information
X-T are convert to X-Z, from the knowledge of the speed radar
waves in concrete.

The identification of reinforcement allows to determine
position of steel bars and concrete bedding.

This allows transforming hyperboles obtained in radar
imaging to rounded shapes corresponding to reinforcement of
concrete.

This method helps to monitor the depth of the coating over
time.

Fig. 15 Kirchhoff migration

B. Identification of corrosion in the radar profiles

The identification of the steel bars corrosion is performed
by visual analysis of the GPR profiles taking into account: the
Attenuation of the signal, the amplitude, and of the
deformation of hyperbole under the element studied A linear
image analysis is also used to map corrosion [12].

We analyzed using GPR profile a construction which has
two different areas, the first one corresponded to relatively
sound concrete Fig .16-a, and the second area corresponded to
degraded concrete. Fig .16-b.

Fig.16-a The relatively sound concrete area with its radar profile
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Fig.16-b The damaged concrete area (the right side) with its radar
profile (present bars strongly corroded)

The horizontal radar profiles show the presence of a severe
corrosion specially in the right side of the construction which
is strongly damaged characterized by its low reinforcement
cover and some bars are without coating .

Similar results have been demonstrated by Thikra Dawood
and all [13], they have studied the probability of existence of
the corrosion and its intensity in the GPR profiles. they judged
that the concrete is likely sound when the reflection of the steel
bars is high with clear form and uniform hyperbole, the
corrosion is likely moderate in case we have relatively low
reflection of the bar, but their hyperbole form is visible and
finally if we have a severe corrosion likely, the radar profile
show that the attenuation is high in level of higher steel bar,
the hyperbolic shape of the reflection of the reinforcing bar is
distorted or virtually invisible, Fig 17.

uAA"\AA.A

Corroston of the slab of
. unpaved bridge

Fig. 17 Attenuation of signal caused by corrosion of the steel bar in a
concrete slab

C. Presence of chlorides in a radar profile

The profiles can also indicate the presence of chlorides, the
fig 18 shows that in areas where there is a sound concrete
(protected by asphalt) , the signal presents a visible hyperboles
, the left area (unprotected) present a uniform and high
attenuation due to the saturation of chlorides in this zone.
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Fig. 18 Attenuation of signal due to the presence of chloride in the
concrete

D. Subsequent repair concrete

Figure 19 represents in the marked location, GPR profile of
a slab bridge repaired. It is interesting to see the signal
attenuation below the repaired zone which indicates the
existence of remainder deterioration either because the repair
or because a subsequent deterioration.
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Fig.19 Old repair bridge; some damages are remaining damage (or
appeared later) under part repaired

E. Accumulation of water under the upper part of the
structure

In Figure 20, the rectangle of the left shows a disturbance in
the ground penetrating radar signal because a cut in the layer
of asphalt and repair in concrete. While the rectangle on the
right shows signal attenuation due to accumulation of water
under the asphalt off. This figure shows that signal attenuation
can be due to different causes, which are not necessarily linked
to defects caused by corrosion in concrete.
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Accumulation of water in the coated off
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Fig.20 Attenuation of signal due to different anomalies in the

concrete
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V. CONCLUSION

By the relationship with the electromagnetic radar waves
and some characteristics of materials, it is possible to estimate
parameters informing on concrete durability because:

The speed of the direct wave (surface wave) is a function of
physical characteristics of the material (moisture and salinity).

The analysis of the reflected electromagnetic waves allow
the determination of some characteristics of the material:
detection bars, determination of concrete cover and
identification of corrosion related to the steel bars.

The visual analysis of radar profiles allows to identify
some anomalies and parameters of the durability of reinforced
concrete like detecting areas where the steel bars underwent
corrosion, the areas which are infected by chemical
aggressions (exp : chlorides) and identifying authors anomalies
related to the steel bars and the concrete in the time. thereafter
and by using analysis software called Radex according to the
analysis, we can drew mapping of areas where w have a sound
concrete , moderate corrosion and a severe corrosion of the
studied the reinforced concrete element .
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