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Abstract - In this paper we investigate numerically the 
complex behavior of the transmission loss through a reinforced 
concrete slab between 30 and 2400MHz and compare it with the 
analytical and numerical solutions of the transmission loss of a 
concrete slab and of the rebar structure, separately. 

Index Terms — Transmission loss, concrete, rebar, 
Reinforced concrete. 

I. INTRODUCTION 

Indoor to outdoor wireless systems operating through 
construction materials such as reinforced concrete are facing 
potentially high transmission losses. The attenuation by a 
rebar structure or by a dielectric slab alone is analytically 
well known, but much less is available in the literature 
regarding the attenuation by a rebar structure inside a 
concrete slab. 

II. TRANSMISSION LOSS OF CONCRETE SLAB 

Usual concrete is a more or less lossy dielectric non-
magnetic medium consisting of cement, sand and gravel 
mixed with water. The moisture content greatly influences 
the relative complex permittivity ε’r–jε’’r [1][2]. In this paper 
we consider three moisture contents, or relative humidity 
(RH), from very dry (RH=0.2%), moderately (RH=6.2%) to 
very humid (RH=12%). As depicted in Fig. 1, the extended 
Debye model applied to concrete [3][4] shows that the 
complex permittivity of concrete increases with the RH and 
decreases with frequency, between 30 and 2400MHz. It also 
shows that for frequencies below 1GHz the complex 
permittivity of concrete is frequency dependent, except at 
very low RH. 

In the evaluation of the transmission loss through a 
concrete wall between 30 MHz and 2400 MHz, we may 
usually consider this medium as homogeneous whenever all 
constitutive elements of the concrete, in particular gravel, 
have their largest dimension smaller than a fraction of the 
smallest wavelength λ inside the concrete, namely 4 to 6cm. 

The transmission loss Tc through an homogeneous 
isotropic concrete slab of thickness l and infinite transverse 
dimensions illuminated by a plane wave at normal incidence 
can be determined analytically, considering the multiple 
internal reflections inside the slab, as follows : 
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with k, the wavenumber and ρ, the Fresnel reflection 
coefficient of the first interface (air-to-concrete) encountered 
by the incident plane wave. The reflection coefficient ρ 
depends on the electromagnetic properties (ε, µ and σ) of 
both media. 

The same infinite slab was simulated as a dielectric plane 
ground with the frequency domain 3D electromagnetic 
solver FEKOTM. The transmission loss has been obtained in 
two concordant ways : via the built-in transmission 
coefficient calculator, and by dividing the electric near field 
observed 6cm behind the slab (at a distance where it is 
constant) by the incident electric far field. 

 
Fig. 2 shows the excellent agreement between the 

overlayed analytical and simulation results for RH = 6.2% 
(left), and the higher transmission loss induced by higher 
moisture levels. 

III. TRANSMISSION LOSS OF A REBAR STRUCTURE 

The transmission loss Tr through a square rebar structure 
of infinite dimension illuminated by a plane wave with 
normal incidence, polarized in any direction in the rebars 
plane, can be analytically very well approximated by [2]: 

Fig. 2.  Transmission loss through a concrete slab 

Fig. 1.  Relative permittivity of concrete with frequency and RH 
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Z0 = 120π is the free space impedance, D is the distance 
between rebar centres and r is the radius of the rebars (see 
Fig. 3). Equation (2) is only valid if D < λ. 

 
The same infinite rebar structure was also simulated with 

the electromagnetic solver FEKOTM, defining an elementary 
cell DxD and repeating it with 2D periodic boundary 
conditions (PBC). The transmission loss has been obtained 
by dividing the electric near field computed 6cm behind the 
structure by the constant incident plane wave electric field.  

Fig. 4. shows the good agreement between the analytical 
solution and the FEKOTM simulation results for a rebar with 
D=10cm and r=2.5mm (left) and the influence of D for 
r=2.5mm. As long as λ > D, a rebar behaves as a high pass 
filter. At higher frequencies, the electromagnetic field 
beyond the rebar exhibits periodic spatial variations, making 
it impossible to define a unique transmission loss factor. 

IV. TRANSMISSION LOSS OF REINFORCED CONCRETE 

So far we have analysed the plane wave transmission loss 
of both a concrete slab and of a rebar structure in free space 
both having infinite transverse dimensions. Now we merge 
those two structures, the rebar being located in the middle of 
the slab depth, to analyse reinforced concrete slabs. To the 
knowledge of the authors, there is no analytical solution 
available in the literature, only numerical ones [6]. We will 
thus only resort to the FEKOTM simulations, where a 2D-
PBC elementary cell of dimension DxD is used and the 
transmission loss is obtained the same way as previously 
described in this paper. 

In Fig. 5 we overlay the transmission loss characteristics 
of a 15cm thick concrete slab with 6.2% RH, a rebar with 
D=10cm and r=2.5mm, and a reinforced concrete resulting 
from merging the two previous structures. At frequencies 

lower than 100 MHz, the transmission loss of the reinforced 
concrete slab is mainly governed by the rebar structure. 
Careful inspection shows that the transmission loss of the 
reinforced concrete is actually lower than for the rebar alone. 
Surprising at first sight, this behavior is essentially due to the 
fact that λ, the wavelength in the concrete slab, is reduced as 
compared to λ0 in free space. At frequencies higher than 
100MHz, the transmission loss of reinforced concrete is 
mainly governed by the slab transmission loss, being for 
most frequencies somewhat higher than for the slab alone. 

V. CONCLUSION 

The transmission loss of a rebar structure decreases with 
frequency while it globally increases for a slab. By 
immersing a reinforcement grid structure in the middle of the 
concrete slab, the transmission loss gets more complicated 
than the simple sum of the two transmission losses. 
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Fig. 4.  Transmission loss through a rebar structure for D<λ 
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Fig. 5.  (Reinforced) concrete at 6.2% RH - Rebar alone 
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Fig. 3.  Square rebar geometry 
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