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This work deals with the study of the sensitivity of GPR electromagnetic waves to moisture variation in wood
material in relation with the direction of fibers and polarization of Electromagnetic field. The relations between
relative permittivity and moisture content and the amplitude attenuation with distance was a target study using
the direct waves in Wide Angle Radar Reflection (WARR) configuration. Comparison of results measured with
reflected waves and direct waves was of main importance since they have different behavior in relation with
moisture variation, due to different path of propagation. This research activity has been carried out during one
Short-Term Scientific Missions (STSM) funded by the COST (European Cooperation in Science and Technology)
Action TU1208 "Civil Engineering Applications of Ground Penetrating Radar" in November-December 2015.

In context of durability evaluation of construction materials, several studies have been carried out by the 12M
team, University of Bordeaux, using direct and reflected waves for the evaluation of water content on concrete and
wood materials [1-3]. As related to the wood material there is one study carried out using the reflected waves on
wood for different humidity and different wood samples, in all the direction of polarization using GPR technique
ground coupled antenna at 1.5 GHz [3]. This work continued with different moisture content in order to study the
behavior of direct waves as function of moisture. Results taken from those measurements are compared with them
from Fixed Offset (reflected method) with one antenna (1.5GHz or 2.6GHz), realized from the previous studies
from the I2M and already published [1-3].

The results taken from this work from the reflected waves, show that the effect of wood anisotropy is significant
on the variation of relative permittivity with moisture content on wood sample and that is in good agreement
with the previous results [3-6]. As related to the direct waves, a small change in the dielectric constants exists
between transversal and parallel directions. The dielectric constant shows values that coincide with the case of
radial polarization of the EM field. This can be explained from the propagation path of direct waves. Since the EM
field of direct waves, propagates in the upper part of the sample, the effect of polarization is almost the same in
both directions as it is the case of radial polarization when the reflected method was used.

During future STSMs we foresee to do further experimental work with the direct wave method (WARR) on
different wood samples, in order to confirm the effect of wood anisotropy and moisture content on GPR direct
wave propagation.

Acknowledgement

The Authors are grateful to COST - European Cooperation in Science and Technology (www.cost.eu) for
funding the Action TU1208 "Civil engineering applications of Ground Penetrating Radar" (www.GPRadar.eu).
Many thanks to the I2M, University of Bordeaux, for the valuable collaboration and hospitality during this STSM.

References

1. Sbartai ZM, Laurens S, Balayssac JP, Ballivy G and Arliguie G (2006a) Effect of concrete moisture on
radar signal amplitude. ACI Materials Journal 103 (6): 419-426.

2. Sbartai ZM, Laurens S, Balayssac JP, Arliguie G, Ballivy G (2006b) Ability of the direct wave of radar
ground-coupled antenna for NDT of concrete structures. NDT & E International 39 (5): 400-407.

3. Tien Chinh Mai, Stephen Razafindratsima, Zoubir Mehdi Sbartai, Francois Demontoux, Frédéric Bos
(2015) Non-destructive evaluation of moisture content of wood material at GPR frequency. Construction and



Building Materials 77 (2015) 213-217

4. Rodriguez-Abad I, Martinez-Sala R, CapuzLladré R, Diez Barra R and Garcia-Garcia F (2011) Assess-
ment of the variation of the moisture content in the Pinuspinaster Ait. using the non destructive GPR technique.
Materiales de Construccién 61(301): 143-156.

5. Martinez-Sala R, Rodriguez-Abad I, del Val I (2013) Effect of penetration of water under pressure in
hardened concrete on GPR signals Proceedings of the 7th International Workshop on Advanced Ground-
Penetrating Radar, Nantes, France.

6. Rodriguez-Abad 1., Martinez-Sala R, Mené-Aparicio J (2015). Use of the direct wave amplitude to anal-
yse timber grain at different frequencies. Universitat Politécnica de Valencia Escuela Técnica Superior de
Ingenieria de Edificacion.



