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Compare of shielding effectiveness for building materials

Abstract. During the 1990s, most electromagnetic field research focused on extremely low frequency exposures stemming from conventional power
sources, such as power lines, electrical substations, or home appliances. Now, in the age of mobile telephones, wireless routers, and portable GPS
devices (all known sources of EMF radiation), concerns regarding a possible connection between EMFs and adverse health effects still persist. This
paper deals with compare the shielding effectiveness of various building materials. Measurements were performed into non-reflection chamber for
frequency - 1,56 GHz 2 GHz, 2,5 GHz, 3 GHz and 3,5 GHz. Measurements were performed according to the IEEE Standard, Method for Measuring
the Effectiveness of Electromagnetic Shielding Enclosures. Measurements were performed in the non-reflection chamber in order to avoid the

exterior influence.

Streszczenie. Niniejszy artykut dotyczy poréwnania skuteczno$ci ekranowania réznych materiatébw budowlanych. Pomiary przeprowadzono w
komorze bezodbicia dla czestotliwosci - 1,56 GHz 2 GHz, 2,5 GHz, 3 GHz i 3,56 GHz. Pomiary przeprowadzono zgodnie ze Standardem IEEE,
Metodg Pomiaru Skutecznos$ci Obudéw Ekranéw Elektromagnetycznych. Pomiary przeprowadzono w komorze bezodbiciowej, aby unikng¢ wptywu
zewnetrznego. (Poréwnanie skutecznos$ci ekranowania materiatéw budowlanych).
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Introduction

With the exponential growth of wireless technologies
nowadays, there is an increase in the presence and use of
number of mobile communications, excessive installation of
mobile phone antenna masts, and broadcasting radio and
TV transmitters, and even satellite systems. The mobile
phone shielding device was primarily used in some special
department (e.g. the army or the security). However, in
recent years, the mobile phone shielding device has been
widely used in the meeting room, examination room, library,
cinema, hospital, court and church. Radio frequency used in
mobile communication has the ability to penetrate through
semi-solid substances like meat and living tissue. The
researchers conducted shows that the electromagnetic
wave produce by the mobile phone might cause adverse
effect to human especially at place near the ear region.
Table | below illustrates some typical artificial sources of
electromagnetic fields with frequency and intensity. Natural
sources like the magnetic field of the earth are not included
[1,2,3].

The effects of electromagnetic field on organism have
been the issue concerned by environmental, electrical,
biological, medical and related subjects. From the
perspective of the dielectric properties of organisms, the
pulsed electromagnetic field may cause a stronger influence
on organism. So since the last century, the academic and
clinical medicine have shown an interest in biological effects
of pulsed electromagnetic fields on organism, with the
deepening of the research, many valuable results have
been acquired: researches not only have established the
model of cell membrane potential, but also have found the
theoretical basis for the clinical application of magnetic field
to treat cancer [2, 3, 4, 15, 16].

Everyone is affected by electromagnetic radiation and
radio frequency radiation from all appliances, cell phones,
wifi devices, cordless phones, computers, laptops, and
television waves. Electromagnetic field causes invisible
threats to our health. Prolonged exposure to
electromagnetic radiation causes physiological change in
human. It is therefore important to focus on the protection of
human against exposure of electromagnetic radiation.
People work and live in buildings that constitute the
shielding against electromagnetic fields. The
electromagnetic field penetrates through the wall of the
building from the outside. Therefore, the experiment was
focused on the building materials [3, 4].

The number of studies focused on the impact of mobile
devices and Wireless sources to human health. However,
problem is that also in the current studies, long-term mobile
phone and Wireless internet users have had hardly more
than 10 years of regular use of mobile phones. It still may
be a relatively short latency period, particularly for slowly
growing benign tumours. Among those long-term users,
most were initially users of analogue mobile phone and
thus, the number of long-term users of the digital
technology is even smaller [5, 6].

Table 1. The sources of electromagnetic field

Frequency | Frequencies | Some examples of exposure
range [Hz] sources

VDU (video displays); MRI and

other diagnostic / scientific

instrumentation; Industrial

electrolysis

Powerlines; Domestic

distribution lines, Domestic

appliances

VDU; anti theft devices in

shops, hands free access

control systems, card readers

and metal detectors

Mobile telephony;
Broadcasting and TV;
Microwave oven; Radar,
portable and stationary radio

Static 0

ELF 0-300 Hz

300 Hz —
10° Hz

100 kHz — 300

RF GHz

Electromagnetic field causes invisible threats to our
health. Prolonged exposure to electromagnetic radiation
causes physiological change in human. It is therefore
important to focus on the protection of human against
exposure of electromagnetic radiation. People work and live
in buildings that constitute the shielding against
electromagnetic fields. The electromagnetic field penetrates
through the wall of the building from the outside. Therefore,
the experiment was focused on building materials [1, [3].

Shielding effectiveness

Quality shielding materials are determined by three
coefficients, shielding coefficient KS, absorption coefficient
A and a reflection coefficient R. The shielding effectiveness
SE is closely related with coefficient KS, R, and A. Shielding
coefficient KS is determined by the intensity of electric field
strength E, possibly based on the intensity of the magnetic
field H by the relation [4]:
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where E; is intensity of electric field measured using the
antenna placed in the prescribed configuration within the
enclosure, E; is intensity of electric field measured using the
antenna placed in the prescribed configuration in the
absence of the enclosure, H: is intensity of magnetic field
measured using the antenna placed in the prescribed
configuration within the enclosure, H; is intensity of
magnetic field measured using the antenna placed in the
prescribed configuration in the absence of the enclosure.
Shielding effectiveness SE is calculated using the formula
(2-4) if intensity of electric field and intensity of magnetic
field are in basic units [4 5, 6].

—2010g‘H‘ 2010g‘ | (8]

Ks| [H| E.l

Formula varies for determining of the shielding
effectiveness SE according to the frequency range.
According to [7], the shielding effectiveness is determined
by the relation:

(2) SE =20log ——

H
©) SE =20log. -1, 1 ZOIOgR/ [dB]
For the frequency range from 50 Hz to 20 MHz and for the
frequency range from 20 MHz to 300 MHz and also the
same applies to the frequency range 300 MHz to 100 GHz

[71:

4) SE =201log ‘E | =10log—L

E.| :

P [dB]

where E; and H; are the intensity of electric field and
magnetic field at any point in the space where there are no
shielding materials respectively. E; and H» are the intensity
of electric field and magnetic field where the shielding
materials are in the same place. V2 is voltage reading within
the enclosure, V7 is voltage reading in the absence of the
enclosure and P- is power detected within the enclosure, Py
is power detected in absence of the enclosure. Then SE of
the material was calculated at specific frequency by using
(4)[7,10, 11].

The main factors which determine the shielding effect are
the capability of shielding materials (the electric and
magnetic conductivity and the permeability), the thickness
and the frequency of the incident wave. If we know all these
factors, the materials shielding effects can be calculated by
(5). If these factors are unknown, we can measure the
intensity of electric field and magnetic field when there are
shielding materials or not, and then SE could be calculated
by (2). According to [8] shielding effectiveness is the sum of
the reflection R, multiple reflection B and absorption A of
electromagnetic field derived as [8, 9]:

(5) SE=A+R+B

2t

SE =154t/ fuoc +168,16—1Olog’uRf+2010g{1—e"}

Or
where t is material thickness, o is electrical conductivity of
shielding material, or is the relative conductivity, ur is the
relative permeability of shielding material, u is the magnetic
permeability of shielding material, f is frequency, 6 is depth
of penetration. For the simplicity, it is possible to determine
the shielding effectiveness SE also as (6) without the
multiple reflections B [8, 10].
(6) SE=A+R

Shielding effectiveness can be calculated according to the

relations (7-10) if the value of the transmitted signal is set in
logarithmic unit [7, 20, 23].
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Formula (7), (8), (9), (10) is used according to the available
measuring equipment [8, 9, 10, 24].

@) SE =|Eyjpy| —|Estee|[9B]
(8) SE =|Hypp| ~|Haoq| [9B]
C) SEzM% —’Vm [dB]
(10) SE=P,,, — Py, [dB]
Experiment

The experiment was focused on measuring of shielding
effectiveness of electromagnetic field. Measured objects
were bricks the air gaps constitute 60% of Sample 1 and
the air gaps constitute 80% of Sample 2. Measurements
were performed in the non-reflection chamber because
exterior influence. The workplace for purpose of measuring
of shielding effectiveness of electromagnetic field is shown
on Fig. 1 - block scheme of the workplace.

This workplace consists of an analog signal generator
Agilent N5181A, EMI receiver Agilent N9038A MXE EMI,
the receiving antenna and transmitting antenna horn type.
Antennas were placed indoor of non-reflection chamber.
Analog signal generator and spectrum analyzer were
placed outdoor of non-reflection chamber. The workplace
calibration was performed before the measurement.
Measured object was placed at a distance of 0.3 m from the
transmitting antenna [14, 15, 18, 25].

The workplace calibration was performed before the
measurement. The calibration of measuring workplace was
based on radio communication equation (11), which is
defined as follows: [6, 12, 13, 14, 17, 18, 19]

(11) P.=P. —L,+G, +G,

where Pg is received power, Pr is transmit power, Ly is
loss of free space, Gr is gain of transmitting antenna and
Gr is gain of receiving antenna. The loss of free space is
defined as follows: [6, 12, 20. 21, 22]

(12) L, = ZOIOg%

Where R is distance of antennas and A is wavelength.
The calibration was performed at a frequency of 1 GHz
without shielding.

The measurements were performed in two steps — with
shielding and without shielding. Subsequently. And
therefore, shielding effectiveness was calculated by the
formula (10).

The measured objects were brick wall, polystyrene
(thickness 25 mm and 50 mm), eco-material (Natura Pro
with thickness 8 mm and Eterplan with thickness 8 mm) —
Fig. 2.

Agilent
N5181A

Transmitting antenna Receiving antenna
/, i — | =

Shielding

Spectrum A
FSU

Door of cage

Fig.1. Workplace for purpose of measuring shielding effectiveness
of electromagnetic field - block scheme
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a) b)

c) d)
Fig.2. Measured objects — a) polystyrene b) brick c) eco material
Natura Pro d) eco material Eterplan

Results

The measurements were performed for frequency 1.5
GHz, 1.8 GHz, 2.1 GHz, 2.2 GHz, 2.3 GHz, 2.4 GHz, 2.6
GHz, 2.7 GHz, 3.4 GHz and 3.5 GHz. They are currently
the most used frequency and also they are frequencies
which are planned to be used in the future.

The Fig. 4 represents a dependence of the shielding
effectiveness of electromagnetic field for polystyrene (25
mm and 50 mm), bricks wall, eco-materials Eterplan and
Natura Pro. The results show that the lowest value of
shielding effectiveness has polystyrene with thickness 25
mm. The highest value of shielding effectiveness has brick.
In the frequency range from 1.5 GHz to 3.5 GHz the
shielding effectiveness has increasing trend for all building
materials. The fastest rising trend has a brick. From among
the eco materials the higher shielding effectiveness has eco
material Natura Pro.

The Fig. 4 shown the shielding effectiveness of 25 mm
polystyrene is lower like the shielding effectiveness of 50
mm polystyrene. Polystyrenes are the same type. It follows
that the material thickness influences shielding
effectiveness. This experiment confirmed expression (6).

@ Polystyrene 25 mm ==fll== Polystyrene 50 mm
16,00
Brick wall e Eterplan 8 mm

=== Natura Pro 8 mm

12,00

0,00 ‘
1,50 2,00 2,50 3,00 i,50
Frequency [GHz]
Fig.3. Shielding effectiveness for frequencies 1.5 GHz, 1.8 GHz,
2.1 GHz, 2.2 GHz and 2.3 GHz

Conclusion

The walls of buildings are a natural shielding against
electromagnetic fields. This article was discussed
measuring of shielding effectiveness for building materials -
polystyrene with thickness 25 mm and 50 mm, brick wall,
eco material Eterplan, eco material Natura Pro. The
measurements were performed for frequency 1.5 GHz, 1.8
GHz, 2.1 GHz, 2.2 GHz, 2.3 GHz, 2.4 GHz, 2.6 GHz, 2.7
GHz, 3.4 GHz and 3.5 GHz. These are the current used
frequency or frequencies, which are planned for the future.
The Measuring of electromagnetic field shielding was
performed according IEEE 299-2006 Standard, Method for
Measuring the Effectiveness of Electromagnetic Shielding
Enclosures. Shielding was placed in the non-reflection
chamber because exterior influence.

This article compares the shielding effectiveness of
building materials. From the results it is clear the shielding
effectiveness of brick wall is the best among all the
shielding material. It is necessary to realize that uncertainty
of measurement occurs during this measurement. The
overall uncertainty of measurement equals 0,35 dB.
Calculation of uncertainty was done based on the document
of Slovak national accreditation service which defines the
following sources impacting uncertainty of measurement:

- Relative amplitude accuracy of spectral analyzer

- Amplitude stability of source of signal

- Errors occurring during transmitting

- Errors occurring during receiving

With an increasing number of electromagnetic fields
sources it is necessary to researched their shielding
effectiveness of electromagnetic fields. Currently, there are
the paint to the walls, which increase the shielding
effectiveness.
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