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ABSTRACT

Ground Penetrating Radar (GPR) is a nondestrudéebnique particularly well
adapted to the inspection of concrete structurescam help to determine the structure
inner geometry or to detect damaged areas. WhenGtAR is used on structures
containing thin layers, for example the sealingetayf a bridge or the void into a masonry
wall, it is important for the radar user to knove tminimum thickness required to detect
and estimate the thickness of those layers.

The theory of thin layer detection is based onng svave but, in reality, the GPR
emits a complicated pulse, which undergoes att@mdhto the layer. To see the
influence of those realistic conditions on the aefion coefficient of a thin layer, we
combined experimental measurements and numericallDFDsimulations. The
experimental results matched the numerical pradistivell, presenting a fast attenuation
compared to the theoretical predictions. Nevergléor thicknesses inferior 1d11, the
reflection coefficient could still be considered lamarly dependent of the thickness to
wavelength ratio.

1. INTRODUCTION

Concrete structures can be attacked by diverseigietiion mechanisms, such as
carbonation, alkali-aggregate reactions or corraosidey have to be frequently inspected
in order to be able to repair the damaged areasestatblish the structural causes of the
problem. During those inspections, non-destrudidahniques are particularly interesting
because they permit to test large surfaces andhiggy limit the number of cores that
have to be extracted from the structure. Amongttel non-destructive methods, the
Ground Penetrating Radar (GPR) is well adapteshgpdct multilayer structures. In this
study, we tried to evaluate numerically and expentally the minimum thickness that
could be detected by the GPR.



2. PRINCIPLE OF GROUND PENETRATING RADAR
2.1 General Principle

The principle of GPR is to send, with an emitteteana, very short electromagnetic
pulses through the ground or the structure. Thatsep propagate to all directions and are
reflected when they meet interfaces between mediadifferent electromagnetic
properties. A receiver antenna measures the ardplité the signal over time (Figure 1).
On the resulting scan, both the direct wave andwhees reflected on the different
interfaces can be observed. This method allowsctietevoids, humid zones and material
modifications.
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Figure 1: Simplified GPR signal measured on a tweiatructure
2.2 Radar wave speed estimation

If the conductivity of the material can be negléecfehich is often the case for usual
building materials [1]), the wave spegds directly dependant of the relative dielectric
permittivity of the materiat’, (with c the speed of light, equal to 30 cm/ns):

vV=— D

Different methods are available to estimate theedpand thus the dielectric

permittivity of concrete:

* By measuring the time elapsed between the emissfothe pulse and the
reception of its echo, the depth of the interfame lse determined if the speed of
the waves is known, and vice-versa.

* The measurement can be directly performed with awtennas (common mid-
point measurement). The speed is then the sloffeedime-versus-distance line.

« The speed can also be estimated from the shape dfyperbolas resulting from
a punctual defect’s detection.

In this work, we chose to determine directly thelelitric permittivity of the
concrete by using the reflection properties of thaface. Indeed, the reflection



coefficient, which is the proportion of the incidemave reflected by an interface, depends
on the permittivites of the two media:
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In (2), derived from the Fresnel reflection coefficiefit} ¢, ande,, are the respective
relative dielectric permittivity of the two matelsaandd, is the inclination of the incident
ray. If we measure the reflection amplitude of sheface from a certain distancg,=1
(material 1 is air) and the inclination can be appnated to zero. The reflection
coefficient is obtained by dividing the reflecteth@itude by the amplitude measured
from the same distance on a perfect reflectohustunivocally determines the dielectric
permittivity of the concrete surface, from whichsitpossible to calculate the speed in the
material. The drawback of this method is the fheit it only reveals the permittivity of
the surface. If a gradient is present, the meamigrity will be different from the
surface permittivity, and the depth of the detedéadures could then be misevaluated.

3.DETECTION LIMITSOF THIN LAYERS

In many concrete structures, features presentsrgadl thickness to surface ratio are
relatively common, i.e. the sealing layer of a bedr the void into a masonry wall. It is
thus important for the radar user to know the mimmthickness required to detect thin
layers and estimate their thicknesses.

3.1 Theoretical approach
Thin layers are difficult to detect, because theident radar wavesl)( undergo

multiple reflections on the two limit interfaces,hish generates constructive and
destructive interferences (Figure 3).
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Figure 3: Multiple reflections in a thin layer

The theoretical reflection coefficient (Figure 2d§cillates thus between 0 and a
maximum value R
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In (3), Ry is the reflection coefficient for a thin layer, WhR;y, is the coefficient
corresponding to the reflection on a simple inteefdetween the two media (Equation.
(2)). The first maximum occurs when the layer thieks is equal to a quarter of the
wavelength in the layex, and has then a periodicity 2. The reflection occurring on
the thin layer has then a greater amplitude theaflaction that would occur on a simple
interface. The evolution of & with the ratio of the layer thickness on the waweth in
the thin layer is drawn in Figure 4.
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Figure 4: Reflection coefficient for an air thaykr into concrete

For the very thin layers, we observe a linear i@tahip between the reflection
coefficient and the thickness on wavelength ratio.

3.2 Experimental and numerical evaluation of the thin layer reflection
coefficient

The theory of thin layer detection [1] is basedassine wave but, in reality, the GPR
emits a complicated pulse, which undergoes att@mnanhto the layer. To see the
influence of those realistic conditions on the gefion coefficient of a thin layer, we
combined experimental measurements and numerioalaions.

The simulations were performed with finite diffeces program GprMax [2] and
dielectric permittivity of concrete was estimateding the surface reflection method
described in paragraph 2.2. A realistic incidenvelat derived from the direct signal of
our 2.3 GHz antenna was introduced in the progfEme. reflection coefficient (R) was
obtained from those simulations by dividing all tieflected peak-to-peak amplitudes by
the amplitude reflected on a perfect reflector pthat the same depth.

The experimental measurements were performed onsiwooth concrete slabs
separated by plastic or wooden spacers of varidiid&nesses, leaving a controlled air
layer under the measurement point. As for the nigaleresults, all the reflected
amplitudes were divided by the amplitude refleateda metallic sheet, supposed to be a
perfect reflector, placed at the same depth, ieroi@ obtain the reflection coefficient. The
experimental setup and the results are display&iure 5.
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Figure 5: (a) Experimental setup; (b) Comparisomvbeh experimental measurements and
numerical data

The reflection coefficient revealed to be lineadgpendent on the thickness on
wavelength ratio for thicknesses less théhl; some small discrepancies are observed,
probably due to the surface imperfections.

4. CONCLUSION

In this study, we tried to evaluate the reflectiomefficient of a thin layer into
concrete, in order to estimate the detection lohihur antenna.

The reflection coefficient revealed to be lineadgpendent on the thickness-on-
wavelength ratio for thicknesses less thlil; some small discrepancies were observed,
probably due to the small surface imperfectionsyway in our study, thicknesses inferior
to /100 were visible with the GPR.

We also showed that numerical simulation performét a realistic impulsion and
measured concrete properties could match real measuats very well and help to
interpret experimental results.

By this method, the amplitude reflected by a tlaper can be estimated. The layer
will then be visible if this reflected amplituddtex subtraction of the losses (including the
intrinsic and geometric attenuations), is supdndhe signal noise.
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