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1. Introduction

This study investigates the electromagnetic field (EMF) permeability characteristics
of widely used construction materials to determine their effectiveness in
electromagnetic insulation against radiation emitted by base stations. Field
measurements were conducted at 81 base stations located in the city center of
Diyarbakir in accordance with the standards of the Information and Communication
Technologies Authority (ICTA). Test materials included concrete, brick, wood,
metal, lead, PVC, XPS, and recycled concrete. The results indicate that the highest
average electromagnetic field intensity was measured in free-space conditions (3.37
V/m), whereas lead exhibited the most effective shielding performance with an
average value of 1.01 V/m, corresponding to an attenuation of approximately 70%.
Metal sheets also showed strong shielding capability with an average value of 1.29
V/m. Among conventional materials, recycled concrete demonstrated lower
electromagnetic permeability (2.13 V/m) compared to standard concrete (2.60 V/m).
Thickness-dependent measurements revealed that increasing recycled concrete
thickness from 3 cm to 7 cm reduced electromagnetic field intensity from up to 2.93
V/m to as low as 1.64 V/m, representing a reduction of approximately 44%.
Measurements conducted inside and outside the safety distance further confirmed
that EMF levels outside the safety distance can be more than twice those measured
inside. Overall, the findings demonstrate that material type, thickness, and safety
distance play a critical role in reducing electromagnetic exposure. Recycled concrete
emerges as a sustainable and effective alternative for electromagnetic shielding in
building design.

Electromagnetic fields (EMF) are energy fields produced by the movement of electrical charges, defining
the interaction between electricity and magnetism. These fields are classified into two categories based on
their frequency: ionizing and non-ionizing. Devices encountered in daily life, such as mobile phones, wireless

networks, radar systems,

and television transmitters, produce non-ionizing electromagnetic waves.

Increasing urbanization and the proliferation of communication technologies have led to the multiplication
of base stations and a rise in electromagnetic field intensity. This situation has necessitated research into the
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electromagnetic permeability properties of building materials, particularly concerning human health and
communication quality.

The propagation of electromagnetic waves within structures depends on the physical properties of the
building materials used. While dense materials such as concrete, brick, and metal significantly attenuate
electromagnetic waves, low-density materials like wood, plastic, and XPS (Extruded Polystyrene) exhibit
higher permeability. Therefore, considering electromagnetic shielding in building design is important for
both human health and communication performance.

The effects of electromagnetic fields on human health have long been debated in the literature. While
some studies suggest that electromagnetic radiation may be associated with cancer and neurological effects,
a definitive scientific consensus has not been reached [1, 2]. Although the World Health Organization has
established safety criteria for the location and power levels of base stations, these measures do not account
for the permeability effects of building materials [3].

Studies on the electromagnetic permeability of building materials have determined that concrete provides
signal attenuation in the 10—-15 dB range at 2.4 GHz, and brick provides attenuation in the 6-10 dB range. In
contrast, wood, XPS, and plastic materials have been found to have low attenuation values [4-6]. Metal and
lead sheets provide the most effective electromagnetic shielding due to their high reflectivity and
conductivity [7, 8]. Lead sheets, in particular, offer effective protection in laboratory and medical settings,
providing attenuation up to 80—100 dB at 1 GHz.

Recent research indicates that the electromagnetic performance of building materials can be enhanced
with nanotechnological additives. Types of "EM shielding concrete" reinforced with additives such as carbon
fiber, graphite powder, ferrite, and magnetite can provide attenuation in the 20-35 dB range, offering
advantages in terms of both structural strength and electromagnetic protection [9]. Similarly, wood panels
coated with graphene or metallic layers have been reported to provide 10—20 dB of attenuation in the GHz
frequency band [10]. In this context, investigating electromagnetic permeability properties is of critical
importance for both sustainable material development and healthy building design. Specifically, the
electromagnetic shielding potential of post-earthquake recycled concrete presents an innovative solution area
from both an environmental and technological perspective.

2. Materials and methods

2.1. Material used

In this study, the electromagnetic field permeability properties of materials frequently used in the
construction industry were investigated. Each material was applied to boxes prepared in dimensions suitable
for measurement, and electromagnetic field measurements were subsequently conducted around base
stations.

2.1.1. Brick

Bricks are clay-based natural materials. Due to their porous structure and high dielectric constants, they allow
a certain degree of electromagnetic wave transmission. As the porosity ratio increases, the electromagnetic
wave permeability also increases [11, 12]. In this study, 9 cm thick bricks, typically used on the outermost
surface for decorative purposes after thermal insulation (sheathing) is complete, were used. These bricks
have a weight of 20-25 kg per square meter, are resistant to water and moisture, and are unaffected by fire.
Fig. 1 shows the brick sample used in the experiment [13-15].

2.1.2. Concrete
Concrete is a composite construction material composed of cement, aggregates, and water. Aggregates such
as sand, gravel, and crushed stone constitute approximately 60-80% of the total concrete volume and
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significantly contribute to the absorption and scattering of electromagnetic waves due to their mineralogical
and physical properties. As the density and thickness of the concrete increase, its electromagnetic
permeability decreases [16]. In this study, box-shaped concrete samples with a thickness of 5 cm were
prepared in accordance with the C25 strength class defined in TS EN 206. The concrete mix consisted of
cement, water, fine aggregates (sand), and coarse aggregates, combined in standard proportions to achieve
the specified class requirements. As shown in Fig. 2, a concrete sample commonly used in building
construction was used as the test material in this study [17-19].

2.1.3. Wood (MDF)

With the increase in electromagnetic field exposure, the suppressive or conductive qualities of building
materials are being carefully examined. Since wood is a weak attenuator against electromagnetic fields, this
can be considered a disadvantage in some cases. For example, in areas with base stations, wooden walls can
allow electromagnetic fields from the external environment to penetrate the internal environment more easily
[20]. In this study, medium-density fiberboard (MDF) was used, which is one of the most preferred wood-
based building materials. The material used was 18 mm thick, resistant to heat and moisture, paintable, and
possessed a flat and smooth board surface [21]. Fig. 3 shows the MDF (Medium-Density Fibreboard) sample
used in the experiment.

Fig. 2. Concrete sample used in the experimental measurements

Fig. 3. MDF (Medium-Density Fibreboard) sample used in the experiment.
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2.1.4. Metal sheet

Metal sheets are used as a fundamental material in the construction of Faraday cages and are applied in
environments requiring radio frequency (RF) insulation. For instance, in data centers, laboratories, MRI
rooms, and defense industry facilities, walls, ceilings, and floors covered with metal sheets prevent the entry
of electromagnetic signals from the outside or their emission from the inside [22]. In the study, a 0.20 mm-
thick sheet metal was used. This material has a low carbon content, is easily formable despite being cold-
rolled, has a weight of 1,57 kg per square meter, and is typically used as roofing material after being machine-
formed [23, 24]. Fig. 4 shows the metal sheet box sample used in the experiment.

2.1.5. Lead sheet

Although lead sheet is primarily associated with radiation shielding, it is a heavy metal-based building
material that can also provide significant protection against electromagnetic fields. Due to its high density
and specific physical properties, lead is a preferred material in special-purpose projects for electromagnetic
shielding applications [25, 26]. In the study, high-density, 0.2 mm-thick lead sheet was used. Fig. 5 shows
the lead sheet box sample used in the experiment.

2.1.6. XPS (Extruded polystyrene)

Recent studies have shown that insulating polymers like XPS can be modified with conductive additives to
make them more resistant to electromagnetic fields. For example, it has been demonstrated that XPS-based
foams with additives such as carbon black, graphene, metal nanoparticles, or carbon nanotubes can provide
attenuation up to 20—40 dB at the 2.45 GHz frequency [27, 28]. In this study, 5 cm thick XPS was used. This
material, used for insulation in buildings, is obtained by melting polystyrene at approximately 200°C, adding
blowing agents such as HFC and CO2, and HBCD as a fire retardant, and then passing the mixture through
an extrusion machine. Fig. 6 shows the XPS sample used in the experiment.

Fig. 4. Metal sheet box sample used in the experiment.

TR

Fig. 5. Lead sheet box sample used in the experiment.
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Fig. 6. XPS sample used in the experiment.

2.1.7. PVC (Plastic sheeting)

Plastic materials are widely used in the construction industry as they offer both economical and lightweight
solutions. However, most plastics exhibit poor performance regarding electromagnetic field permeability.
The primary reason for this is that most plastics are electrically insulating [29-31]. In the study, unpainted
white plastic sheets were used. These sheets have a density of 1.5 g/cm?, high heat resistance, a thickness of
2 mm, and are generally used for decorative coating purposes in buildings. Fig. 7 shows the PVC sample
used in the experiment.

2.1.8. Recycled concrete

The use of sustainable building materials is of great importance today, both for reducing environmental
impact and conserving natural resources. The management of construction and demolition waste (C&DW)
holds a critical place in this context, and the use of recycled concrete offers an effective solution for utilizing
this waste. Recycled concrete is obtained by reprocessing crushed concrete waste and using it in the form of
aggregate in new concrete mixtures. This approach significantly reduces the carbon footprint and the need
for landfilling while ensuring material circularity [32-34]. As shown in Fig. 8, recycled concrete obtained
from demolition waste was used as the test material in this study.

Fig. 7. PVC sample used in the experiment

Fig. 8. Recycled concrete used in the experimental setup
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Table 1. Classification and physical properties of the materials used in the study

Material type Category (EM permeability) Thickness Key property

Brick Semi-insulating 9 cm Porous structure
Concrete Semi-insulating 5cm Dense composite
Wood (MDF) Insulating 18 mm Dielectric

Metal Sheet Conductive 0,2 mm High reflectivity
Lead Sheet Conductive 0,2 mm High density

XPS Insulating 5cm Polymer-based
PVC Insulating 2 mm High transmission
Recycled Concrete Semi-insulating 3-7 cm Sustainable material

In the study, eight different materials commonly used in the construction sector were examined. The
materials were selected to represent different groups exhibiting conductive, semi-conductive, and insulating
properties in terms of electromagnetic permeability. The materials used in the study, along with their
electromagnetic permeability characteristics and physical properties, are summarized in Table 1.

Each material was prepared in the form of boxes with dimensions suitable for an EMR (Electromagnetic
Radiation) measuring device. The internal volumes of all boxes were kept equal, and surface uniformity was
ensured to prevent wave reflection from affecting the measurements. The materials were prepared as follows:

e Concrete samples were prepared with a standard concrete mix commonly used in the construction
industry.

e Brick was chosen as a material that allows partial passage of electromagnetic waves due to its
porous structure.

e  Wood is a natural material exhibiting high permeability due to its dielectric properties.

e Metal and lead sheets were evaluated as references for electromagnetic field attenuation due to their
high conductivity properties.

e PVC and XPS are plastic-based materials frequently used for thermal and sound insulation in
modern buildings.

e Recycled concrete was reproduced using waste concrete from post-earthquake demolished
structures and was included in the study as a sustainable alternative.

2.2. Experimental setup and measurement procedure

2.2.1. Measurement area and application method

Electromagnetic field measurements were carried out around 81 different base stations located in the
Diyarbakir city center. The measurement points were selected to cover base stations belonging to different
operators in the city. This approach allowed for the consideration of both stations operating in different
frequency bands (900 MHz, 1800 MHz, 2100 MHz) and different settlement densities.

All measurements were conducted in accordance with the electromagnetic field measurement procedures
specified by the Information and Communication Technologies Authority (BTK). When selecting
measurement points, antenna direction, height, surrounding reflective surfaces, and settlement type were
taken into account.

At each station, measurements were taken at three different distances (approximately 5 m, 10 m, and 20
m) on the axis facing the base station. Measurements were taken both in an open environment (reference
value) and behind the material boxes (post-material value). Using this method, the extent to which each
material attenuated electromagnetic waves was calculated.
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Fig. 9. Schematic representation of the experimental workflow

2.2.2. Measurement device and procedure

A broadband EMR (Electromagnetic Radiation) measurement device was used to determine the intensity of
the electromagnetic fields. The device is capable of measuring in the 100 kHz—6 GHz range and displays the
electric field strength in V/m.

Each measurement was repeated three times, and the average value was taken. During measurement, each
reading was performed in a fixed position for approximately 10 seconds to minimize the impact of transient
environmental factors (e.g., vehicle movement, mobile phone use, metal reflections).

The device was aligned toward the base station's antenna direction; the distance between the device and
the material was kept constant during measurement. The same procedures were repeated for each material
box, allowing for a comparison of the electromagnetic field attenuation performances of different materials.
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2.2.3. Preparation of recycled concrete

Concrete waste obtained from structures demolished after an earthquake was crushed to specific sizes in
crushing machines and sieved. The resulting aggregates were mixed with cement and water in specific
proportions, molded again, and used in the measurements after the curing process was completed.

The surface structure of this material has a more porous and heterogeneous texture compared to
conventional concrete. This characteristic can reduce permeability by causing the scattering of
electromagnetic waves. The purpose of including recycled concrete in the measurements was to evaluate
both its electromagnetic shielding performance and its environmental sustainability.

2.2.4. General approach

Thanks to this method, the attenuation performances of different building materials against electromagnetic
fields were observed under real environmental conditions. It was determined that recycled concrete, in
particular, significantly reduced electromagnetic permeability. The study demonstrates that electromagnetic
shielding should be considered in the building design process and that recycled materials can be an effective
option in this regard. The experimental workflow followed in this study is schematically illustrated in Fig.
9.

3. Results and discussion

3.1. Comparison of material types in electromagnetic field attenuation

This section presents the electromagnetic field (EMR) permeability measurements conducted on different
building materials and compares the resulting data with the existing literature. Measurements were performed
under scenarios both within and outside the scope of the BTK (Information and Communication
Technologies Authority) regulations, thereby assessing the effectiveness of the materials under various usage
conditions.

The findings demonstrated that conductive materials (lead sheet, metal sheet) largely reflected EMR
waves, preventing their passage. The lead sheet provided high attenuation even for low-frequency EMR
signals. In contrast, insulating and low-density materials such as wood and XPS were found to be more
permeable to electromagnetic waves. Concrete and brick showed medium-level permeability, a finding that
varied depending on the material’s thickness and internal moisture content.

3.2. Electromagnetic field limit values

Numerous international organizations address the effects of EMR on human health. Among these, the
International Commission on Non-Ionizing Radiation Protection (ICNIRP) stands out as the most prominent.
The World Health Organization (WHO), under the sponsorship of the United Nations Environment
Programme (UNEP), has published environmental health criteria documents. These documents summarize
in detail the physical properties, measurement and testing methods, sources and applications, biological
effects, and exposure risks of non-ionizing waves. These criteria have formed the basis for scientifically
grounding exposure limits and operational conditions.

Table 2 shows the electromagnetic field limit values in some countries and in Turkey. The limits
recommended by ICNIRP are implemented by most EU countries and are in force in 42 countries. Some
countries, including Turkey, accept the electric field value as E= 10 V/m or less as a precautionary measure
[35].
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Table 2. Classification and physical properties of the materials used in the study

Organizations/Countries Frequency (MHz) Electric field strength (V/m)
NRBP, 1993(UK) 900 46
1800 61
FCC OET 65 (USA) 900 47
ANSI IEEE 1992 1800 61
CANADA SC6 900 41
1800 61
CANADA SC6 900 41
CENELEC (EU) 1995 1800 58
TURKIYE 2011/BTK 900 Device 8.25 Environment 28.8
1800 Device 11.6 Environment 40
SWITZERLAND 2020/Swis ORNI 900 4
1800 6
ITALY 1999/Decree 381 900 6
1800 20

3.3. EMR measurement principles and considerations

EMR measurements are carried out using calibrated devices in compliance with the BTK (Information and
Communication Technologies Authority) regulation. Measurements are performed by public institutions
authorized by the BTK or by private legal entities compliant with the legislation. Devices are calibrated
within the time periods specified in the regulation, and the results are reported to the BTK. Measurements
for newly established or revised base stations are conducted upon application to the BTK [35]. The BTK
specified the rules to be followed during measurement in its 2011 regulation:

1. Measurement personnel must keep the electronic devices they carry switched off.

2. The device is allowed to stabilize for the duration specified in the technical documentation.

3. The device is zeroed before starting the measurement.

4. Measurements are taken during the hours when the system is operational.

5. Measurements are performed considering the radiation pattern of the transmitting antenna.

6. Measurements are taken at the three closest points outside the safety distance and in the direction
the antenna is facing.

7. The measurement duration is at least | minute per antenna/sector.

8. The measurement antenna/probe must be at least 1.5 m above the ground.

9. Indoor measurements are only performed for modified antennas and newly established systems.

3.4. Measurements conducted with building materials according to the BTK regulation

81 base stations were selected in the center of Diyarbakir, and EMR measurements were conducted. In
compliance with the BTK regulation, small boxes were prepared from the materials used in the structure,
and measurements were carried out using wood, metal, plastic, sheet metal, lead, brick, concrete, and XPS
materials.

Using the electromagnetic field measurement device, calibrated and reported in accordance with BTK
regulations, measurements were carried out in designated areas in the center of Diyarbakir. All materials
were shaped into boxes of appropriate dimensions to ensure consistency in measurement. The setup,
including all material boxes and the measurement device, is shown in Fig. 10, with each material clearly
labeled. Table 3 presents the average results of the measurements conducted at 81 base stations in Diyarbakair,
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where authorization was obtained. The measurements allow for a comparative analysis of the attenuating
effects of building materials on electromagnetic field intensity (V/m). The obtained results indicate that the
highest average electromagnetic field intensity value was recorded in the free-space environment (without
material) at 3.37 V/m. This value was followed, in descending order, by wood at 3.00 V/m, Extruded
Polystyrene (XPS) at 2.69 V/m, PVC at 2.64 V/m, and conventional concrete at 2.60 V/m. The building
material that most effectively attenuated the electromagnetic waves was determined to be lead, with an
average value of 1.01 V/m. Following the lead, the lowest field intensity values were recorded when using
metal at 1.29 V/m and recycled concrete at 2.13 V/m. It has been observed that materials with high
conductivity, particularly lead and metal, play a critical role in the suppression of electromagnetic waves. In
this context, the preference for such materials in architectural and industrial applications where
electromagnetic fields need to be controlled or limited can be scientifically regarded as a meaningful strategy
for increasing the level of electromagnetic protection.

Brick Concrete Recycled Concrete

Wood Ietal Sheet

XPS FVC Measurement Device

Fig. 10. Experimental setup showing all material boxes and the electromagnetic field measurement device
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Table 3. Average electromagnetic field measurement for 81 base stations in Diyarbakir with different materials

Measurement medium/Material type Measurement average (V/m)
Wood 3.00
Metal 1.29
Lead 1.01
Xps 2.69
Pvc 2.64
Brick 2.17
Concrete 2.60
R-Concrete 2.13
Measurement without material 3.37

Fig. 11, on the other hand, provides a graphical representation of the average measurements taken outside
the safety distance. The measurements of the recycled concrete box at different thicknesses, and the results
of measurements taken from different distances from a base station, are compared in Table 4. The table
reveals the effect of the recycled concrete box’s thickness on electromagnetic field measurements. It is
observed that as the thickness increases, the electromagnetic field decreases. The highest values, 2.93 V/m,
2.79 V/m, and 2.71 V/m are measured at 3 cm thickness, while these values drop to 2.18 V/m, 2.13 V/m, and
2.11 V/m, respectively, at 5 cm thickness. At 7 cm thickness, the measured values further decrease to 1.74
V/m, 1.67 V/m, and 1.64 V/m. According to the table, although the electromagnetic field values show a
decrease with block distance, a trend where the electromagnetic field attenuates as the thickness increases is
observed at all three distances. Specifically, the field intensities measured at each block distance are higher
with a 3 cm thickness, but these values rapidly decrease as the thickness increases. In conclusion, the
thickness of the recycled concrete is seen to play a significant role in the attenuation of the electromagnetic
field. As the concrete box thickness increases, the base station’s effect weakens, creating a safer distance.
This situation emphasizes the importance of the materials used, especially considering the health effects of
the electromagnetic field.

EMF. MEASUREMENT VALUES

4,00 45
337
3,30 3,00
3,00 2,69 264 2.60
2,50 217
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Fig. 11. Graphical representation of average EMR measurements conducted outside the safety distance
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Table 4. Measurement of a base station with recycled concrete boxes of different thicknesses in 3 different locations/

buildings
Distance 3 c¢m thickness (V/m) 5 cm thickness (V/m) 7 cm thickness (V/m)
1 Block distance 2.93 2.18 1.74
2 Block distance 2.79 2.13 1.67
3 Block distance 2.71 2.11 1.64

Table 5. Measurement of three different base stations with recycled concrete boxes of different thicknesses

Measurements 3 c¢m thickness (V/m) 5 c¢m thickness (V/m) 7 cm thickness (V/m)
Station 1 2.81 2.08 1.63
Station 2 3.02 2.16 1.69
Station 3 2.79 2.03 1.55

The measurement results of the recycled concrete box at different thicknesses, taken from different
distances at three separate base stations, are compared in Table 5. The table contains the measurements of
three different base stations conducted with recycled concrete boxes of varying thicknesses. Firstly, it is
observed that the electromagnetic field intensity decreases as the thickness increases at all three base stations.
At Station 1, the electromagnetic field measured with a 3 cm thickness is 2.81 V/m, while this value drops
to 1.63 V/m at 7 cm thickness. The electromagnetic field is effectively blocked as the thickness increases.
At Station 2, the measurements were 3.02 V/m for a 3 cm thickness and 1.69 V/m for a 7 cm thickness. A
similar decrease in electromagnetic field intensity is observed as the thickness increases, although Station 2
has higher starting values compared to Station 1. At Station 3, the measurements were 2.79 V/m for a 3 cm
thickness and 1.55 V/m for a 7 cm thickness. Similar to the other two stations, the electromagnetic field
intensity decreases as the thickness increases. This situation demonstrates that thicker concrete boxes provide
better shielding against electromagnetic waves.

The measurement results obtained using the materials from the building where the station is located and
from the opposite building are compared in Table 6. According to the data obtained from this table, the
highest value (7.09 V/m) was recorded in the "without material" measurement in the building where the base
station is located, while measurements with other materials yielded lower results. Materials such as "XPS"
(4.39 V/m) and "PVC" (6.04 V/m) attenuate the electromagnetic field at certain rates. Measurements in the
opposite building also came out similarly low; here, too, the "without material" measurement (6.75 V/m)
took the highest value, while materials such as "XPS" (3.98 V/m) and "PVC" (5.39 V/m) reduced the
electromagnetic field strength. While the values measured in the building where the base station is located
are generally higher, the measurements taken in the opposite building yield lower results for some materials.
For example, the value measured with the "XPS" material is 4.39 V/m in its own building, whereas this value
drops to 3.98 V/m in the opposite building. These data indicate that building materials have a significant
effect on the electromagnetic field strength and that higher measurements are obtained in an environment
without materials. Consequently, it can be stated that the selection of materials plays an important role in
reducing electromagnetic field levels in areas where base stations are to be placed. Furthermore, it is observed
that the measurements in the opposite building are generally lower compared to the building itself. This
suggests that the physical structures of both buildings, environmental factors, or other influences may lead
to the electromagnetic field being measured at different levels.
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Table 6. Comparison of measurement results from a base station's own building and the opposite building

Measurement medium/Material type Measuremi:lti gﬁg El\l/e/ rit;ition‘s own Measuretr)rllleiiléiflrgr(nvt/l:g)opposite
Wood 3.80 3.24
Metal 3.09 2.88
Lead 2.54 2.35
Xps 4.39 3.98
Pvc 6.04 5.39
Brick 3.87 3.28
Concrete 3.02 2.54
R-Concrete 2.85 2.21
Measurement without material 7.09 6.75

Table 7. Average electromagnetic field measurements within the safety distance for 1 base station site in Diyarbakir
across different materials

Measurement medium/Material type Electromagnetic field measurement (V/m)
Measurement without material 7.09
Wood 3.8
Metal 3.09
Lead 2.35
Xps 4.39
Pvc 6.04
Brick 3.87
Concrete 3.02
R-Concrete 2.85

Table 8. Comparison of measurements taken inside and outside the safety distance for a site in Diyarbakir

. Measurement taken inside the safety Measurement taken outside the safety
Material type

distance (V/m) distance (V/m)
Measurement without material 2.74 7.09
Wood 2.66 3.80
Metal 2.08 3.09
Lead 1.77 2.35
Xps 242 4.39
Pvc 2.35 6.04
Brick 2.19 3.87
Concrete 2.73 3.02

R-Concrete 2.11 2.85
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Fig. 12. Graphical comparison of measurements taken inside and outside the safety distance for a site in Diyarbakir

According to the data in Table 7, electromagnetic field measurements carried out for one specific site in
Diyarbakir show the effect of different materials on safety distances. The value obtained in the measurement
"without material" was recorded as the highest result at 7.09 V/m, indicating that the electromagnetic field
around base stations is more intense when unobstructed by any material. Wood, at 3.80 V/m, allows a certain
transmission of the electromagnetic field; however, since this value shows higher conductivity compared to
materials like metal, lead, and concrete, wood contributes more to the propagation of the electromagnetic
field. Metal material, at 3.09 V/m, has a restrictive effect by reflecting the field more. Lead stands out as the
material that most obstructs the electromagnetic field, at 2.35 V/m. XPS (extruded polystyrene), with a high
transmission value of 4.39 V/m, is understood to allow the passage of the electromagnetic field strongly.
PVC material reaches a considerably high value of 6.04 V/m, showing a high capacity for transmitting the
electromagnetic field. Brick, at 3.87 V/m, shows lower conductivity compared to materials like wood and
PVC, while concrete material, at 3.02 V/m, has an effect that partially restricts the electromagnetic field.
Recycled concrete yields a value of 2.85 V/m, close to standard concrete, revealing that its structural
properties are similar. This data demonstrates how various materials can affect the safety distances around
base stations and how the electromagnetic field is obstructed by different materials.

The electromagnetic field emitted by base stations, especially those installed in or very close to buildings,
affects living areas and thus living beings at these distances more significantly. Although the electromagnetic
field limit values accepted and applied in our country are much lower compared to other countries, it is
important to remember that they still have a negative effect on human health. Table 8§ compares the
measurements taken inside and outside the safety distance. Measurements taken inside the safety distance
indicate that the electromagnetic field is at lower levels. This reveals that the safety distance plays an
important role in limiting electromagnetic field levels.

Fig. 12 provides a graphical representation of the data in Table 8, visually demonstrating how
electromagnetic field (EMF) intensity changes relative to the safety distance. The graph clearly indicates that
measurements taken outside the safety distance (dark and longer bars) are significantly higher than those
taken within the safety distance (light and shorter bars) for virtually all material types. Notably, at certain
points, such as the unshielded measurement and PVC, the EMF levels outside the safety distance exceed
twice the levels recorded inside, thereby emphasizing the protective effect of the distance. This visual
comparison explicitly demonstrates that the safety distance established for base stations constitutes a critical
boundary for reducing EMF levels in surrounding living areas, consequently mitigating the risk to human
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health. The graph further illustrates that while materials such as lead and metal maintain lower EMF levels
compared to others, both inside and outside the safety distance, the additional safeguarding provided by the
safety distance ensures an overall reduction independent of the material's inherent shielding effect.

4. Conclusions

This study was conducted to evaluate the electromagnetic field (EMF) permeability characteristics of
construction materials. Considering the effects of high-frequency electromagnetic waves emitted by base
stations on building envelopes, the attenuating effects of different materials against these fields were
analyzed comparatively. The goal was to identify construction materials that are more resistant to
electromagnetic fields, demonstrate their applicability in buildings, and develop recommendations aimed at
protecting human health.

With the widespread use of wireless communication technologies today, the number of base stations in
urban areas has rapidly increased. This increase has led to a rise in environmental electromagnetic field
density; consequently, the protective capacity of structures against these fields has become a significant issue
in engineering and public health. While numerous studies in the literature focus on the electromagnetic
radiation emitted by base stations, there are relatively few experimental studies dedicated to measuring the
permeability of construction materials to these waves.

Within the scope of the study, the electromagnetic field permeability of various construction materials
was compared based on measurements taken around 81 base stations in different locations. According to the
findings:

o Lead and metal sheets demonstrated the highest insulation performance against electromagnetic
fields. Lead sheet, in particular, is also effective against low-frequency magnetic fields and
significantly obstructs the passage of electromagnetic waves, both those coming from outside and
those emitted from inside. However, the high cost, weight, and application difficulties of these
materials limit their widespread use.

e Traditional construction materials such as brick and concrete provide moderate attenuation. Recycled
concrete, in particular, attenuates electromagnetic waves more effectively than standard concrete due
to its high cement density and low porosity. This finding suggests that materials recovered from
building demolitions can be functional not only in terms of environmental sustainability but also in
terms of electromagnetic protection.

e Organic and polymeric materials such as wood, PVC, and XPS had the lowest attenuation
performance against electromagnetic waves. These materials, due to their low conductivity and low
dielectric constants, transmit electromagnetic fields to a large extent, posing a risk, especially in
sensitive areas (e.g., hospitals, laboratories).

o The top three materials with the lowest electromagnetic permeability in the conducted measurements
were determined to be lead, metal sheet, and recycled concrete, respectively. The three materials with
the highest permeability were PVC, XPS, and wood. Specifically, in the measurements related to a
single base station, lead provided the most effective insulation in the building where the base station
was located, while recycled concrete showed the lowest permeability value in the opposite building.

e Furthermore, different thicknesses of recycled concrete were compared; in samples with thicknesses
of 3 cm, 5 cm, and 7 cm, it was found that permeability decreased as the thickness increased. The 7
cm-thick concrete had lower permeability than the 3 cm-thick concrete. However, increased thickness
poses an engineering disadvantage due to the additional load it places on the structure. Therefore, to
increase electromagnetic protection while reducing the load on the structure, the addition of high-
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density supplementary cementitious materials (e.g., slag) to the concrete is recommended. This would
allow for less raw material usage while keeping the weight of the structure under control.

In conclusion, considering the potential effects of electromagnetic fields on human health, this factor
must be taken into account when selecting materials in building design. The EMF permeability-reducing

effect of recycled concrete offers a significant advantage in terms of both environmental sustainability and
electromagnetic protection; thus, it should be evaluated as a strategic material in the construction sector.
Recommendations for future development on this topic can be listed as follows:

Electromagnetic permeability analysis at different frequency ranges
Investigation of the electromagnetic performance of layered building elements
Development of materials modified with conductive additives

Numerical simulation-based electromagnetic modeling

Expansion of structural application areas for recycled materials

Development of standards and regulations focused on electromagnetic safety
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