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Abstract: Traditional contact-based dot frequency methods fail to accurately characterize bulk
dielectric properties of large-scale samples. Therefore, a microwave dielectric testing system was
utilized to investigate the dielectric properties of common building materials. The results show
that polarization capability is the primary determinant of dielectric property variations. Wood and
plastics are mainly composed of weak polar covalent bonds with a low dielectric constant.
Rubber and marble demonstrate elevated dielectric constants due to their strongly polar carbon-
carbon double bonds and ionic bonds, respectively. Although sandstone, granite, and glass share
silica as their primary constituent, the amorphous structure of glass modifies charge distribution
and polarization behavior, yielding a higher dielectric constant. For the same material, water
content constitutes the most significant factor governing dielectric properties. Therefore, the
influence of water content on dielectric constant was further studied, and the dielectric model of
water content in permeable water was established. The results show that when the water content
of wood is 0~30% and that of sandstone is 0~0. 5%, the water exists in the form of structural
water or adsorbed water, which has little effect on the dielectric constant. After the water content
increases, the water molecules are distributed in the pores of the sample in the form of free water,
which has a significant effect on the dielectric constant. The presence of surface-attached water
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induces significant dielectric constant amplification in rock specimens.
Key words: building materials; dielectric constant; microwave radiation; water content;

dielectric model
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Table 1 Parameter statistics of experimental
materials
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Table 2 Inversion results of real part of dielectric

constant under different observation
environments
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Table 4 Dielectric constants of Paulownia wood, fir wood, pine wood and sandstone under different water

contents
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Fig. 6 Dielectric constant of materials under different water contents
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Table 5 Inversion results for dielectric constant
at different water state
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