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Abstract. Excess water content within the building reaal could greatly alter the interaction of the mriowave with
the material. In this study aerated concrete (AEROGQdk walls (60x60cm) were investigated for their nogvave (2.4
GHz) properties under wetting conditions. The sprastting of the wall was conducted to simulate thevieanmental
processes such as raining or water damage. 50miirater dosage was applied on the surface of the ceteeR1 times in 1
min intervals. The results show a noticeable desean microwave penetration power through the matéridter the
sample gets enriched with water. As the water conamthe surface of the material rises, so does trensmission loss.
During the different water content of the aeratedrrete, the reflection loss varied from -15.04 dBy(dvall) to -5.03 dB
(wet wall's surface). The transmission loss continuesrise during the entire length of the experimeritom -4.5 dB as a
dry sample to -8.3 dB after 441 ml (1035 ml/m2 digi@3 min) of sprayed water. The variation of refledt microwave
power was approximately ten times, which is quite gngicant indicator of alteration of microwave proggtion. The
results demonstrate wetting process as an considerdéctor in assessing microwave propagation in ng¢ae sources,
such as mobile phone base station antennas, indastnicrowave heaters and ovens etc.
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[.INTRODUCTION transmission antenna, the microwave exposure levels

Microwaves attenuate inside the buildings andmay be significantly elevated and endanger the
building materials. Microwave permeability of the nearby people. In such examples, the risk assessmen
construction materials varies to a large degree. Ashould be always carried out under worst case
portion of the microwaves is also absorbed andscenario examples, including the reflective prapert
reflected by the materials. Microwave transparentof the materials surrounding the antenna.
materials include wood, drywall and other Water related changes within the material would
lightweight dielectric materials. Reflections withi not only affect the behavior of the electromagnetic
the construction materials or from neighboring fields. Such water related processes could occdr an
surfaces can also account for attenuation of thesubject building materials to physical reconditiami
microwaves as waves may cancel each other out.  likely altering the thermal isolative, structural

Excess water content within the building material strength and other properties of the materials. In
could greatly alter the interaction of the microwav extreme cases such water damage could even
with the material. Both reflective and absorptive endanger the physical integrity of the building.
properties of the materials could be emphasized, In planning shielding characteristics against
resulting in a new electromagnetic wave scenario inmicrowaves, specific construction materials are
the vicinity of the building material. Such caseaym accounted for their attenuation or transmissiopaff
become relevant where high power mobile Nowadays, a variety of building materials existhwit
communications or broadcasting antennas are locateeither high transmission or reflection characterst
While assessing the safety of workers and othemDependent on the chemical composition and the
people nearby these antennas, the risk assesssnentstructure of the material, this may greatly affdet
likely to be carried out under conditions without microwave propagation. In the literature, almost no
water interaction with the material. In unforeseenattention is paid on the change in the microwave
cases, where water would affect the reflectioncharacteristics of the materials under various heyat
properties of the walls surrounding the high powerconditions. Cold and rain or the combination of two
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could significantly affect the microwave transmigsi  microwave spectrum utilized for the that purposd. 2
and reflection properties of construction materitis GHz is also the frequency of the microwave oven,
this study the focus is on aerated concrete blecks since it has good absorption characteristics withen

popular contemporary building material. water content in the food.
In observing microwave propagation and o
interaction with materials, three types of behacian g R

be observed: transmission, reflection and absaorptio |
Microwave transparent materials have low dielectric
loss and microwaves pass through it with littlenor
attenuation. Microwaves reflect back from opaque
materials and no transmission occurs. In case o
absorbing materials, high dielectric loss causes _
absorption within the material, and the level of f
absorption is dependent on the dielectric lossofact |
Absorption is in relation with transmission and }
reflection, where both are reduced and the micrewav
energy is absorbed within the material and turméal i
heat [1-4].
The conductive surfaces cause the reflectionff
where the microwave is reflected from the surface/{
and/or from the inside layers of the material. The|
capacitive and conductive components of the
dielectric response of the material is determingd b

the dielectric constant and the dielectric lossdiac ZESE S he g
Fig. 1. One of the three aerated concrete samalls wonstructed

2].
Determining concrete moisture content (w/c ratio) ©f three blocks.

by means of radar has been undertaken by Shartai et

al., where testing showed that an increase in the 1hree sample walls of the same type of aerated

degree of water saturation lead to significant dase ~ concrete blocks were investigated. The sample
in the amplitude of direct and reflected wave, surface size was 60x60 cm. Single blocks were of

determined by a good correlation. Sbartai et al.Sizé 60x30x20 cm. For each sample wall, three Islock
concluded it to be directly related to the increage Were piled on top of each other, without the use of

complex permittivity related to the polarizationdan Plending material (figure 1). Careful attention was

conduction mechanisms occurring in the concrete [5] Paid S0 to avoid any cracks or gaps within the samp
Also Laurens et al. reported the concrete relativeVall, from where the microwaves could leak through.

humidity to greatly affect the direct wave signal  |he moisture content of sample aerated concrete

amplitude of the radar measurements. The frequencP!0Cks was measured by electrical impedance

of the radar they used was of 1.5 GHz, complementednethod. The blocks were determined to be dry. The
by moisture sensors [6]. blocks had been indoors for 2 months with the

. . . . o
Dielectric constant of concrete varies in between 52verage room temperature of 20°C and average

to 12, depending mainly on the moisture content and€lative humidity (RH) 35%. .
signal frequency [7]. The variation of water volume  1he wetting of the wall was conducted to simulate
in the concrete pores results in great change én ththe environmental processes such as raining orwate

complex permittivity and therefore in the attenoati damage (figures 2, 3). Wetting was conducted by a
of the propagation velocity of microwaves from rada hand spray. The wall was subjected to repetitive
[8]. The loss factor is greatly dependent on theSPraying treatments, each of which delivered 2bfml

concrete moisture state (0-2 for dry concrete; @4-1 F00M temperature tap water evenly on the 0.6x0.6m

for saturated concrete) [9-11]. surface of the sample wall i.e. 50ml/m2. There was
total of 21 spraying treatments, with the accuniugat
Il. METHOD dosage of sprayed water 441ml. The spraying

In this study aerated concrete (AEROC) block tréatments were separated by 1 minute period, glurin
walls were investigated for their microwave which the water was allowed to be absorbed into the
properties under wetting conditions. The selectedmaterial. By such dosing, there was no dripping of

microwave frequency was 2.4 GHz, which is a widely the water and the only water lost from the sampie w
used frequency for mobile communications anddué to normal drying in the room temperature (21

networking, but also for home microwave cooking or degrees Celsius, RH 36 %). By the end of the last
industrial microwave heating. Considering the SPraying treatment, the top layers of the blockewer

frequencies of the civilian mobile communications, @bsorbed —with ~ water. The measurements of
2.4 GHz lies approximately at the center of the transmission and reflection properties were doter af
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each spraying treatment, i.e. 21 times, plus araini amplitude decreases in inverse proportion to dégtan
dry sample measurement. from the aperture of the horn [22].

The distance of the near field zone (I) in case of
rectangular horn opening is to be determined by the
formula by Botsco [23] (Formula 1), where A is the
dimension of the largest side of the rectangle &and
the wavelength. The wavelength of 2.4 GHz
electromagnetic field is 0.125 m.

A2

| =
24

1)

A 2.4 GHz signal generator was used with an
output power of 20 dBm. The microwave reflecting
back from the material and transmitting through the
material was measured by a spectrum analyzer
Aaronia Spectran HF6080 (Euscheid, Germany),
which was controlled and monitored by a PC. In
order to register a reflection/transmission incigen
ten sequential measurements were monitored, of
which the highest reading was automatically
recorded.

Fig. 2. Aerated concrete sample blocks: above afrg below .
surface wetted 441 ml during 23 min. Wetted Material

top layer  under testing

Incident ;
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.1“ AT wave
>
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Reflected
wave
| Spectrum
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AR g o qoigual
¢ | . ‘ 5 "| generator
2y 4 T X Fig. 4. Measurement setup included irradiator @nenna Tx and

\ AT 3 two receiving horn antennas: Rx1 for reflected wawe Rx2 for
| o ) transmitted wave measurement.

AT N 5] Prior and after measuring samples a calibration
Fig. 3. Intersection view of aerated concretewsttample block procedure was done including measuring full and
after dosage of 441 ml sprayed water during 23 mihe . L -
penetration of water into the deeper surface aeassible up to zero r_eflectlon/transm_lssmn m'CrO\_Nave levels. Fl_"”
~4 cm. reflection was determined by placing a sample size
aluminum plate to the sample and measuring full
The measurement setup consisted of standard gaireflection by antenna Rx1, whereas full transmissio
horn antennas as presented in figure 4. The aamsennwas determined by leaving the sample tray empty and
were positioned in a manner to place the sample taneasuring the fully transmitted wave at antenna. Rx2
the far field region (10 wavelengths) while the Reflection lossRL) and transmission los3l() were
microwave was hitting the material. calculated to each tested sample as a logarithati r
From the transmitting horn antenna, the of powers in decibels (dB), as a ratio of the
microwave propagates from the horn antenna in dransmitted (p} or reflected (P wave to the full
parallel beam, which is called the near-field asoal transmission or full reflection (P The measurements
Fresnel zone. Field divergence takes place in the s were registered in unit of measure powers decibel
called far-field or Fraunhofer zone and the wavemilliwatts (dBm). Ratio in decibels (dB) is a
intensity decreasing by the inverse square lawe- th representation of gain or loss of the material unde
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testing (MUT). Subtracting two powers (dBm) is reflection loss remains at the same level of
resulting in their ratio (dB); reflection loss (RIi) approximately -5 dB. Contrarily, the transmission
formula 2 and transmission loss (TL) in formula 3.  loss continues to rise during the entire lengthhef
experiment, ending at -8.3 dB after 441 ml (1035
RL(dB) = 10 logy, (%) dB = P,|dBm — P;|dBm (2) ml/m2 during 23 min) of sprayed water.
i During the different water content of the aerated
P, concrete, the reflection loss varied from -15.04 dB
TL(dB) = 10-logs (F) dB = PildBm — Pi{dBm (3)  (gry wall) to -5.03 dB (wet wall's surface after 23
min of experiment) which is a variation of 10.01.dB
The testing was carried out in a laboratory The results from three samples showed little
conditions under the controlled microwave levdis. variability, indicating a good repeatability of thest.
order to have high reliability of the test resulls¢ = The average Delta for the reflection was 0.6 dB and
reflections were minimized by using specialized transmission 0.4 dB across the corresponding water
forms/materials in the immediate surroundings. amount.

lll. RESULTS IV. CONCLUSIONSAND DISCUSSION

The results averaged across the samples, show a Although the total reflection (reflection loss of O
noticeable decrease in microwave penetration powetB) was not achieved, the variation of reflected
through the material after the sample gets enrichedgnicrowave power was approximately ten times,
with water. As the water content on the surfacéhef  which is quite a significant indicator of alteratiof
material rises, so does the transmission loss.n@n t microwave propagation.
other hand, with the rise of the water content, the The results demonstrate wetting process as a
reflective properties of the material increase asconsiderable factor in assessing microwave
expressed in the decrease of the reflection loss. propagation in near the sources, such as mobilegoho

The extremities of the transmission and reflectionbase station antennas, industrial microwave heaters
loss were determined by 1) removing the sample anénd ovens etc. The safety of the people includieg t
2) replacing the sample with a fully reflective workers near such installation and devices shoald b
Aluminum sheet. The maximum transmission lossassessed also accounting for the nearby building
was registered -31.8 dB and the maximum reflectionmaterials and their potential being wetted as riés/
loss -32.1 dB. significantly raise the exposure level and put peop

The transmission loss and reflection loss at risk or inhibit the work of electrical apparagss
dependency on the amount of accumulated sprayed The results have also pointed out the perspective
water is shown on graph 5. usage of electromagnetic radiation in assessment of
surface water, absorbed into the pours of the edecr
16 - S B B e e S Both registering transmitted and reflected sigred h
\ === Reflection loss (dB) shown a functional dependence on the amount of
14 4 \ === Transmission loss (dB) water absorbed by the concrete sample. Further
studies should investigate the attenuation factor
\ dependency on the temperature and humidity
conditions in the respective environment, sinca in
N . warm and dry environment the natural water
1 N T | evaporation from the concrete surface would besfast
- and hence the absorbance of water lower.
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